
SEASONAL AND BREED VARIATION IN

THE REPRODUCTIVE ACTIVITY OF THE EWE

by

Anthony G. Wheeler, B.Sc.

Thesis submitted towards the degree
of Doctor of Philosophy in the Faculty
of Science of Edinburgh University.

July 1975



I hereby declare that the data contained in this

thesis were obtained by myself in the course of a

programme of research conducted in the A.R.C.

Animal Breeding Research Organisation,

Edinburgh, except where otherwise acknowledged.

A. G. Wheeler

i



ACKNOWLEDGEMENTS

1 wish to express my appreciation to the Agricultural Research Council's

Animal Breeding Research Organisation for providing the opportunity and the

facilities for the carrying out of this research programme and to the Agricultural

Research Council for the financial support given.

The assistance, instruction and advice given by my supervisor,

Dr. R. B. Land, and the advice given by my supervisor, Professor F. W. H. Elsley

are deeply appreciated.

1 am grateful to Dr. D. T. Baird, who did all the main surgery, and

Dr. R. J. Scaramuzzi of the M.R.C. Unit of Reproductive Biology, Edinburgh,

and Dr. R. B. Lane and the staff of the A.B.R.O. Field Laboratory for assistance

with the preparation of the ewes with ovarian autotransplanfs. Thanks are due

to Dr. D. T. Baird, Dr. R. J. Scaramuzzi and Miss Geraldine Young of the

M.R.C. Unit of Reproductive Biology for instruction in the technique of

progesterone radioimmunoassay and to Mr. W. R. Carr for the provision of

facilities for the radioimmunoassay of LH and progesterone. The equine (anti

bovine LH) antiserum was provided by Dr. R. B. Snook and the ovine (anti

progesterone) antiserum was provided by Dr. R. J. Scaramuzzi, for both of

which I am grateful. Thanks are also due to Dr. B. Smith and

Mrs. Lesley Harbinson of the Animal Diseases Research Association, Edinburgh

for the provision of facilities for the counting of liquid scintillation samples and

the preliminary analysis of the data and to Mr. D. Maxwell and Mr. D. I. Sales

of the A.R.C. Animal Breeding Research Organisation for the assistance with

the analysis of the LH and progesterone radioimmunoassay data and the analysis



of the peripheral progesterone concentrations respectively. Much assistance,

for which 1 am grateful, was given by Mr. Ian Swanston of the M.R. C. Unit of

Reproductive Biology, Edinburgh with the assay of oestradioI-17p in plasma

samples.

I am grateful for the assistance with the management and care of, the

surgery on and the blood sample collection from the animals given by

Mr. A. D„ MacGregor, Mr. G. Davidson, Mr. R. D„ Preece,

Miss Marjorie Fordyce, Mr. W. Davidson and Mr. W. Seawright of the A. R.C.

Animal Breeding Research Organisation. Messrs. Ravey and Williamson of

the A.R.C. Poultry Research Centre, Edinburgh provided the meteorological

data for which I am grateful.

Finally, I am indebted to my wife, Anne Wheeler, for the typing of

this thesis and all the encouragement and assistance that she has given to me.



CONTENTS

Index of Tables

Index of Figures

Glossary

Summary

Chapter I

Chapter II

Chapter III

Review of literature

Introduction

Seasonal variation in the incidence of oestrus

Seasonal variation in prolificacy

Seasonal variation in embryonic mortality

Seasonal variation in ovulation rate

Seasonal variation in gonadotrophic
stimulation

The nature and cause of seasonal variation

Introduction

Seasonal and breed variation in oestrous and ovarian

activity

Introduction

Materials and methods

Animals

Incidence of oestrus

Incidence of ovulation and ovulation
rate

Peripheral progesterone levels

Assessment of nutritional status

1

2

2

9

15

17

20

26

32

39

40

41

41

43

46

53

66



Results 69

Incidences of oestrus and ovulation 69

Ovulation rate 80

Follicle score 83

Oestrous cycle durations 86

Peripheral progesterone concentrations 90

Nutritional status 96

Meteorological data 103

Discussion 103

Incidence of oestrus and ovulation 103

Ovulation rate 114

Follicle score 115

Oestrous cycle duration 118

Peripheral progesterone concentration 121

Nutritional status 126

Chapter IV The secretion of oestrogen, luteinising hormone and
progesterone and the display of oestrus in Finnish
Landrace cross and purebred Tasmanian Merino ewes
prior to ovulation 129

Introduction 130

Materials and methods 132

Animals 132

Regression of corpora lutea and the
collection of ovarian venous blood

samples 134

Progesterone assay 138

Oestradiol-17^ assay 138

Haematocrit determinations 140



Calculation of secretion rates 140

Chapter V

Chapter VI

Chapter VII

Chapter VIII

Results

LH assay

Presence of active corpora lutea

Regression of the corpora lutea

Incidence of ovulation

(a) Pre-ovulatory LH
secretion

142

144

144

149

150

150

(b) Pre-ovulatory
oestradiol- 17p secretion 158

(c) Pre-ovulatory progesterone
secretion 164

(d) Incidence of oestrus

Discussion

Increased secretion of progesterone from the ovary of
the ewe during the pre-ovulatory period

Introduction

Materials and methods

Results

Discussion

Peripheral progesterone levels in three ewes with
ovarian autotransplants

Introduction

Materials and methods

Results

Discussion

General discussion and conclusions

References

168

170

177

178

178

178

181

183

184

187

188

190

194

207



INDEX OF TABLES

1. Summary of the observations made on each ewe in the study of the
seasonal and breed variation in oestrous and ovarian

activity. 44

2. Dates of the onset and the end of the Finnish Landrace,
Tasmanian Merino and Scottish Blackface breeding seasons
and their durations. 72

3. Dates of the onsets and end of the seasons of ovarian activity
and their durations in Finnish Landrace, Tasmanian
Merino and Scottish Blackface ewes and gimmers. 77

4. Incidences of ovulation without concurrent oestrus in Finnish
Landrace, Tasmanian Merino and Soottish Blackface sheep. 78

5. Nature of the events starting and ending the breeding seasons
in Finnish Landrace, Tasmanian Merino and Scottish
Blackface sheep. 79

6. Mean ovulation rates of Finnish Landrace, Tasmanian
Merino and Scottish Blackface ewes and gimmers at
ovulations with and without concurrent oestrus. 82

7. Mean follicle scores during the ovulatory and anovulatory
periods in Finnish Landrace, Tasmanian Merino and
Scottish Blackface sheep. 85

8. Mean peripheral progesterone concentrations in plasma samples
collected on Days 7 and 11 of the oestrous cycle from
Finnish Landrace, Tasmanian Merino and Scottish
Blackface sheep. 95

9. Mean plasma non-esterified fatty acid concentrations in
Finnish Landrace, Tasmanian Merino and Scottish
Blackface ewes and gimmers. 104

10. Difference between the left and right ovaries in their
ovulatory activity. 116

11. Peripheral progesterone concentrations and laparoscopy
observations in ewes showing long (22-25 days) oestrous
cycles. 120

12. Peripheral progesterone concentrations measured on Days 7
and 11 of the oestrous cycle in a variety of breeds of
sheep by a variety of methods. 122



13. Normal non-esterified fatty acid levels in the sheep. 127

14. Summary of the effects of the PGF2 ^ infusions on the corpus
luteum and the incidence of oestrus, pre-ovulatory LH
discharge and oestrogen secretion in Finnish Landrace x
Tasmanian Merino and Tasmanian Merino ewes with
ovarian autotransplants in November, February and
June-July. 145

15. The mean secretion rates of progesterone before and after the
PGF^ 3c infusions into the ovarian arterial supply in
Finnish Landrace x Tasmanian Merino and Tasmanian
Merino ewes with ovarian autotransplants in November,
February and June-July. 146

16. The LH concentrations and oestradiol-17p secretion rates
in Finnish Landrace x Tasmanian Merino and Tasmanian
Merino ewes with ovarian autotransplants in November,
February and June-July prior to the infusion of PGF2qC . 148

17. The release of LH following ?G?2<x induced luteal regression
in Finnish Landrace x Tasmanian Merino and Tasmanian
Merino ewes with ovarian autotransplants. 155

18. Mean secretion rates of oestradiol-17yff following PGF2 ^
induced luteal regression in Finnish Landrace x Tasmanian
Merino and Tasmanian Merino ewes with ovarian

autotransplants in November and February. 163

19. Oestradiol-17yff secretion rates in Finnish Landrace x
Tasmanian Merino and Tasmanian Merino ewes with
ovarian autotransplants in which luteal regression was
stimulated in anoestrum and in which there were no active

corpora lutea present prior to the PGF2 ^ infusion. 165
20. Mean progesterone secretion rates following luteal regression

and parameters of the pre-ovulatory LH surge following
PGF20s: induced luteal regression in Finnish Landrace x
Tasmanian Merino and Tasmanian Merino ewes with
ovarian autotransplants in November and February. 166

21. The time of onset and end of oestrus and the duration of
oestrus following PGF2 0C- induced luteal regression in
Finnish Landrace x Tasmanian Merino and Tasmanian Merino
ewes with ovarian autotransplants in November and
February. 169



time of the onset of oestrus and the maximum LH
concentration, and the interval between these events,
following PGF2 ^ induced luteal regression in Finnish
Landrace x Tasmanian Merino and Tasmanian Merino ewes

with ovarian autotransplants in November and February.



INDEX OF FIGURES

1. Alternative models of the nature of the seasonal variation in the
reprodbctive performance of the sheep: Quantitative and
Qualitative.

2. Schematic representation of the method for the extraction of
progesterone from plasma prior to radioimmunoassay.

3. Schematic representation of the method for the radioimmunoassay
of progesterone.

4. Progesterone radioimmunoassay standard curve.

5. Progesterone concentrations as determined by radioimmunoassay
in plasma from ovariectomised and anoestrous ewes
containing known quantities of added progesterone.

6. Schematic representation of the method for the extraction and
assay of non-esterified fatty acids in plasma.

7. Mean standard and recovery curves for the non-esterified
fatty acid assay.

8. Seasonal variation in the incidence of oestrus in Finnish
Landrace/ Tasmanian Merino and Scottish Blackface sheep.

9. Seasonal variation in the incidence of oestrus in Finnish
Landrace ewes and gimmers.

10. Seasonal variation in the incidence of oestrus and ovulation
in Finnish Landrace, Tasmanian Merino and Scottish
Blackface sheep.

11. Seasonal variation in the mean number of corpora lutea
(intrapolated) per ewe observed in Finnish Landrace,
Tasmanian Merino and Scottish Blackface sheep.

12. Seasonal variation in the mean follicle score in Finnish

Landrace, Tasmanian Merino and Scottish Blackface sheep
and their respective periods of ovulatory activity.

13. Variation in the mean follicle score during the oestrous cycle
of Finnish Landrace, Tasmanian Merino and Scottish
Blackface sheep.

14. Seasonal variation in the duration of the oestrous cycle in
Finnish Landrace, Tasmanian Merino and Scottish Blackface
sheep.

34

61

62

63

65

68

70

71

74

76

81

84

87

88



15. Frequency distributions of the oestrous cycle durations in
Finnish Landrace, Tasmanian Merino and Scottish Blackface
sheep. 89

16. Mid-oestrous cycle peripheral progesterone concentrations
throughout the year in Finnish Landrace, Tasmanian Merino
and Scottish Blackface sheep. 91

17. Frequency distributions of the progesterone concentrations in
peripheral plasma samples collected on Days 7 and 11 of
the oestrous cycle in Finnish Landrace, Tasmanian Merino
and Scottish Blackface ewes observed for an entire

breeding season: Normal and Logarithmic scales. 92

18. Seasonal variation in the Day 7 and Day 11 peripheral
progesterone concentration constant estimates during the
Finnish Landrace, Tasmanian Merino and Scottish
Blackface and overall breeding seasons. 93

19. Variation in the Day 7 and Day 11 peripheral progesterone
concentration constant estimates with the numbers of

corpora lutea for the Finnish Landrace, Tasmanian Merino
and Scottish Blackface breeds and overall. 97

20. Seasonal variation in the mean body weight of the Finnish
Landrace, Tasmanian Merino and Scottish Blackface ewes
and gimmers. 98

21. Seasonal variation in the mean plasma non-esterified fatty
acid concentrations in Finnish Landrace, Tasmanian Merino
and Scottish Blackface ewes and gimmers. 99

22. Variation between assays in the estimates of the non-esterified
fatty acid concentration in two pools of control plasma. 101

23. Short term changes in the non-esterified fatty acid
concentration in three sheep. 102

24. Frequency distributions of the plasma concentrations of
non-esterified fatty acids: Normal and Logarithmic scales. 105

25. Seasonal variation in the maximum, minimum and 0900
temperature, wind run, sunshine and rainfall. 106

26. Seasonal variation in the incidence of oestrus in Tasmanian
Merino ewes in Midlothian and Yorkshire. 108

27. Variation in the morning (0900) temperature preceeding and
during the onsets of the 1972/73 and 1973/74 Finnish "I



Landrace and Scottish Blackface breeding seasons and the
durations of the onsets of the 1972/73 and 1973/74 Finnish
Landrace and Scottish Blackface breeding seasons. 111

28. Diagram of ovarian autotransplant showing anastomosis of
ovarian vascular pedicle with vessels in the jugulo-carbtid
skin loop prepared about three months previously (from
McCracken and Baird, 1969). 133

29. Diagram of the technique for the continuous intra arterial
infusion of the autotransplanted ovary and the
collection of ovarian venous blood (from McCracken,
Uno, Goding, Ichikawa and Baird, 1969). 135

30. Schematic representation of the oestradioi-17^
radioimmunoassay. 141

31. Pre-ovulatory changes in the LH concentration and
progesterone and oestradioI-17/? secretion rates and
the duration of oestrus following PGF2<X induced luteal
regression in Finnish Landrace x Tasmanian Merino and
Tasmanian Merino ewes with ovarian autotransplants in
November and February.

(a) Finnish Landrace x Tasmanian Merino ewes in
November. 151

(b) Finnish Landrace x Tasmanian Merino ewes in
February. 152

(c) Tasmanian Merino ewes in November and February. 153

32. Pre-ovulatory changes in the mean LH concentration and mean
progesterone and oestradiol-17/? secretion rates and the
mean duration of oestrus following PGF2QC induced luteal
regression in Finnish Landrace x Tasmanian Merino and
Tasmanian Merino ewes with ovarian autotransplants in
November and February (n = 9) relative to the LH peak. 157

33. Changes in the LH concentration and progesterone and
oestradi01-17^ secretion rates following the infusion of
PGF2qC in a Tasmanian Merino ewe, with an ovarian
autotransplant in November and February, which did not
respond to the infusions of PGF2 . 159

34. Changes in the LH concentration and progesterone and
oestradiol-17^0 secretion rates following PCF^^ induced
luteal regression in Finnish Landrace x Tasmanian Merino
and Tasmanian Merino ewes with ovarian autotransplants in
November and February and subsequent failure to exhibit
characteristic pre-ovulatory changes in hormone



production and oestrus. 160

35. Changes in the LH concentration and progesterone and
oestradiol-17^ secretion rates following ^^2oc 'nc'uce<^
luteal regression in Finnish Landrace x Tasmanian Merino
and Tasmanian Merino ewes with ovarian autotransplants
in June-July. 161

36. Changes in the LH concentration and progesterone and
oestradiol- 1 7jB secretion rates following PGF2 ^
infusions in Tasmanian Merino ewes with ovarian

autotransplants and no active corpora lutea in November
February and June-July. 162

37. Mean concentrations of progesterone and luteinising hormone,
progesterone secretion rates and blood flow in ovarian
venous plasma collected from sheep with ovarian
autotransplants following luteal regression.

(a) During the breeding season.

(b) During the anoestrum. 180

38. Peripheral progesterone concentration in three ewes with
ovarian autotransplants during a period of 220 days. 189



GLOSSARY

The following list of definitions is not intended to be comprehensive, it

being principally a list of words which are sometimes used ambiguously. The

definitions given are those ascribed to these words throughout this thesis.

Anoestrum: Unless otherwise specified, this term refers here to the seasonal

anoestrum in the unmated ewe which is that period of the year when the

oestrus is not observed, i.e. all the year excluding the breeding season.

Oestrus and oestrous cycles are normally absent during pregnancy,

following lambing and during lactation. One or more of these anoestra

often normally coincide with the seasonal anoestrum.

Breeding season: That period of the year when oestrous cycles occur,

usually recognised by the ewe's periodic acceptance of the ram. As

oestrous cycles do not occur during pregnancy, and in normal practice

most ewes are mated and conceive, the latter part of the breeding

season is usually not recognised.

Fertility: The ability of a ewe to conceive or a ram to cause the

fertilisation of ova in ewes.

Flushing: The increase in the quality and/or quantity of the ewe's food

before mating in order to increase the ewe's fertility and/or

prolificacy at that mating.

FSH: Follicle stimulating hormone.

Gonadotrophin: Normally referring to both FSH and LH, traditionally

unspecified hormones that elicit a positive response in gonadotrophin

bioassays.



Lambing percentage: The number of Iambs produced per 100 ewes mated.

Lambing rate: The number of Iambs produced per ewe lambing.

Lambing season: The period of the year when the ewes produce lambs.

LH: Luteinizing hormone. (ICSH will be considered synonymous here while

it is recognised that it is not unequivocally synonymous.)

Mating season: That period of the breeding season when rams are allowed to

mate with the ewes. As the rams are usually introduced after the start

of the breeding season and the ewes normally conceive when mated, the

mating season does not normally cover the beginning or the end of the

breeding season.

Oestrus: That period of the oestrous cycle when the ewe is receptive to the

ram0 The first day of oestrus has been designated Day 0 of the oestrous

cycle throughout this study.

Oestrous cycle: Usually taken as the period from the beginning of oestrus

until the beginning of the next oestrus (about 17 days).

Ovulation rate: The number of ovulations per ewe ovulating.

Prolificacy: The number of lambs per lambing that a ewe produces under

specified conditions, equivalent to lambing rate.

PGF20C : The member of the prostaglandin group of compounds referred

toasF2°c "



SUMMARY

The seasonal variation in the incidences of oestrus and ovulation, the

ovulation rate and the mid-oestrous cycle peripheral progesterone concentration

in Finnish Landrace, Tasmanian Merino and Scottish Blackface ewes and gimmers

are described. The breeding seasons were found to differ for each breed,

lasting from October to May, September to February and October to March in

the Finnish Landrace, Tasmanian Merino and Scottish Blackface sheep

respectively. The incidence of ovulation followed the incidence of oestrus

closely for each breed. Only the Tasmanian Merino sheep showed periods of

anovulatory activity during the breeding season and ovulatory activity during

the anoestrum. In 91% of the instances the breeding season commenced with a

silent ovulation, the other 9% commencing with an ovulation accompanied by

concurrent oestrus. The nature of the last event of the breeding season was

more variable, being either oestrus with ovulation and luteal regression at the

normal time (64%), ovulation without concurrent oestrus and luteal regression

at the normal time (24%) or oestrus without ovulation/corpus luteum formation

(12%), The relative incidences of these events varied with the breed, as did

the incidence of silent ovulation during the breeding season (Finnish

Landrace : 0.0%; Tasmanian Merino : 23.9% and Scottish Blackface : 7.5%).

The ovulation rate varied considerably during the breeding season, this

variation being marked in the Finnish Landrace sheep (3.5 in November to 2.6

in March). The breeds varied in their mean ovulation rates (Finnish

Landrace : 2.99; Tasmanian Merino : 1.08 and Scottish Blackface : 1.30).

Observation of the ovaries of the sheep of all three breeds showed the presence



of developing populations of follicles throughout the year. The mid-oestrous

cycle peripheral progesterone concentration, which was found to be distributed

log. normally, showed considerable seasonal variation. However, the pattern of

the variation is similar for each of the three breeds, all having a peak in

November, despite their very different breeding seasons.

Leuteolysis was induced by the intra-ovarian arterial infusion of PGF20C
in four Finnish Landrace cross and four purebred Tasmanian Merino ewes, with

one ovary autotransplanted to a carotid-jugular skin loop in the neck, in

November (early/mid breeding season) and February (mid/late breeding season)

and three ewes of each genotype in June-July (mid-anoestrum) .

The endocrinological changes associated with leuteolysis and subsequent

ovulation were measured by monitoring the LH concentration and the progesterone

and oestradiol- Up secretion rates and teasing the ewes for oestrus at intervals

of three hours. Luteal regression, oestrus and endocrinological changes indicative

of ovulation occurred on nine occasions. The pre-ovulatory oestradiol-Up

secretion rate was found to be high (mean : 5.04 ng/min) and variable, attaining

a maximum level within six hours prior to the maximal LH concentration. The

oestradiol-Up secretion rates declined rapidly to low levels concurrently with

the increase in the LH concentration at the beginning of the pre-ovulatory LH

surge. This LH peak was short in duration, lasting for about twelve hours. The

maximum LH concentration was attained about 15 hours after the onset of oestrus,

oestrus lasting for 38 hours, in the crossbreds and about 12 hours after the onset

of oestrus, oestrus lasting for 18 hours, in the purebreds. On a further nine

occasions when was 'r|fusec' when active corpora lutea were present,

two infusions were not followed by luteal regression, four were during the



anoestrum when,presumably, follicular growth failed to occur and three were

during the breeding season when either the corpora lutea recovered or follicular

luteinization occurred as the progesterone secretion rate did not remain low.

Four PGF« infusions were conducted when no active corpora lutea were
2 oc

present.

A significant pre-ovulatory increase in the secretion rate of progesterone

coincident with the pre-ovulatory LH peak was found on the nine occasions

when P^'=2oc 'nc*ucec* 'ul'eal regression was followed by oestrus and
endocrinological changes indicative of ovulation.

The effects of separating the ovary from the uterus on luteal function

were investigated by autotransplanting the ovary to cervical carotid-jugular skin

loops and collecting daily peripheral blood samples for progesterone assay for 220

days following PGF2 ^ induced luteal regression and subsequent ovulation. No
evidence was found to suggest that the corpora lutea in the ovaries persisted for

less than the duration of the experiment, i.e. 220 days.

On the basis of the data collected during this study, the causes of the

variation in the ovulation rate during the breeding seasons and between breeds

and the physiological cause of the seasonal anoestrum are discussed.
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CHAPTER I

LITERATURE REVIEW
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Introduction

It is now well established that sheep are seasonal breeders, mating being

restricted to the autumn months. Not only the incidence of oestrus and mating,

but also prolificacy has been observed to vary with the season of the year.

Variation in prolificacy can be considered to be due to either variation in the

ovulation rate or the degree of embryonic mortality where the mean ovulation

rate is more than one. The literature pertaining to the seasonal variation in the

incidence of oestrus, prolificacy, ovulation rate and embryonic death is

reviewed. The activity of the ovary is mainly controlled by the secretion of

gonadotrophic hormones from the anterior pituitary and, therefore, a seasonal

variation in the ovulation rate could be produced by a corresponding variation

in the secretion of gonadotrophic hormones, this area is therefore also included

in this literature review. The influences of the environment on reproduction in

sheep are not discussed here, but have been extensively reviewed elsewhere

(Sadlier, 1969 and 1972).

The review that follows is not comprehensive, it is an outline of the

most important advances in the knowledge of the manifestations and causes of

the seasonal variation in the reproductive performance of the ewe that have led

to the present state of our knowledge and understanding of this phenomenon as

briefly outlined above.

Seasonal variation in the incidence of oestrus

One of the first reports of the sheep having a restricted breeding season

was provided by Heape (1899) writing about the fertility of British breeds of
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sheep0 This brief mention was elaborated the following year (Heape, 1900)

when he described wild sheep as being mono-oestrous, i.e. having one oestrous

cycle in each breeding season. Domesticated sheep were found to have more

than one oestrous cycle per breeding season while some breeds of sheep showed

oestrous cycles throughout the year. This is probably one of the first

indications of the great variation between breeds of sheep in the incidence of

oestrus.

Marshall (1904) was more specific; he described Scottish Blackface,

Cheviot x Border Leicester, Cheviot x Scottish Blackface, Border Leicester

and Border Leicester x Scottish Blackface ewes in Midlothian as having an

anoestrum lasting from the lambing season in March/April until the following

autumn.

Kupfer (1928) described the breeding seasons of Persian and Merino

breeds of sheep in South Africa as persisting from the autumn until the winter

and from late summer until early winter respectively. This is one of the first

descriptions of the breeding season of non-British breeds in the southern

hemisphere and indicated that these breeding seasons commence and end earlier

with respect to the seasons than those previously described for British breeds by

Marshall (1904).

Marshall and Hammond (1926) stated that "with a few breeds, and

notably Dorset Horns and Merinos, it is possible to obtain two crops of lambs a

year". No data were presented, however, and therefore this statement could

have been based on only a few exceptional individuals or on groups of ewes
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within the flock lambing and mating at different times of the year. They did,

however, state that the duration of the breeding season depended upon the

breed of sheep and the climate, the breeding season being later in the year in

North Britain than in the South and East of England.

In contrast to Kupfer's (1928) findings, Merinos in South Africa were

described as being capable of breeding throughout the year (Quinlan and Mare,

1931). The discrepancy may be due to the fact that Kupfer observed his ewes

for only part of one year and that the breeding season may have been restricted

by poor nutrition. Quinlan and Mare (1931) found that the incidence of oestrus

was reduced in mid-winter when the weather was very dry, this period being

extended if the spring rains were late in arriving.

The breeding season of a mixed group of ewes, mainly of mutton breeds,

in America was found to be 100-150 days in duration and that ewe Iambs showed

a more restricted breeding season than the older ewes. Also in America, Scott,

Phillips and Spencer (1939) found an anoestrous period during the summer months

in Corriedale, Dorset, Tasmanian Merino, Dorset x Tasmanian Merino and

Dorset x Delaine Merino ewes though the exact durations of the breeding

seasons were not defined.

All the flocks of Merino ewes and ewes of other breeds observed at a

number of locations throughout Australia were found, despite differences in

year, breed, strain, age and location, to show similar cycles of breeding

season and anoestrum (Kelley and Shaw, 1943)0 They concluded that the cycle

of alternating breeding seasons and anoestra was a fundamental rhythm of the



5

ewe's reproductive cycle.

Hammond (1944) found that the breeding season of Suffolk x Border

Leicester - Cheviot ewes near Cambridge persisted from October until March

and was evenly spaced either side of the shortest day. This is the first time

that the shortest day was mentioned in connection with the breeding season of

the sheep.

Merino and British breeds of ewe in Australia were again found to be

earlier, with respect to the seasons, in the beginning of their breeding season

and anoestrum than sheep in the northern hemisphere (Underwood, Shier and

Davenport, 1944).

The repeatability of the breeding season between years was shown by

Kelley (1946) with South Australian and Harden Merino ewes in Australia

that were observed for eight and four years respectively. A definite,

consistent, seasonal pattern was found with the peak occurring the autumn to

late winter and the trough in the spring to late summer.

A very thorough study of reproduction in sheep has been published by

Hafez (1952, a-e). He studied the incidence of oestrus in about forty-two

ewes representing six British breeds of different geographical origins and the

first cross between the two breeds expected to exhibit the longest (Dorset Horn)

and the shortest (Welsh Mountain) breeding seasons. All the breeds were

similar in that their breeding seasons occurred in the autumn and winter months,

the duration of the breeding season ranging from 131 (Border Leicester) to

223 days (Dorset Horn). The mean date of onset of the breeding seasons fell
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within the month of October, except the Dorset Horn which commenced in July,

and the mean date of cessation of all the breeding seasons fell within the period

from 10th February to 17th March, Apart from the Dorset Horn, the middles of

the breeding seasons were all near the shortest day (21st December), the range

of the means being 10th—25th December, The Dorset Horn's breeding season

commenced earlier than the other breeding seasons, the middle of their

breeding season also being earlier (12th November), The timing and duration of

the Dorset Horn x Welsh Mountain ewe's breeding season were intermediate

between those of the parent breeds. The Dorset Horn's breeding season as

described by Hafez (1952b) is rather similar to that previously described by

Kelley (1946) for the Merino,

The repeatability of the dates of onset of individual ewe's breeding

seasons between years was studied in America (DeBaca, Warnick, Hitchcock

and Bogart, 1954 and Williams, Garrigus, Norton and Nalbandov, 1956). Both

studies found that there was no tendency for individual ewes to be consistently

early or late in the onsets of their breeding seasons. However, Lees (1966)

using Clun ewes in North Wales found that the year to year differences in the

order in which the ewes began their breeding seasons were highly significant

(P < 0.01) in two groups, significant in two groups (P < 0.05) and not

significant in two groups (P > 0.05). Lees (1966) did not discuss this

discrepancy.

Thimonier and Mauleon (1969) described the breeding season of

lle-de-France and Prealpes ewes in France. Both breeding seasons began in
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mid-summer and ended in late winter. At no time of the year were all the ewes

showing oestrus and the only occurrence of total absence of oestrus was in

spring in the lie-de-France ewes. No single ewe showed regular oestrous

cycles throughout a year due to the occurrence of silent ovulations (ovulations
without concurrent oestrus). However, several Prealpes ewes came close; in

two ewes only one "missed" oestrus having occurred, both in mid-summer.

Wiggins, Barker and Miller (1970) teased 23 Rambouillet ewes twice

daily over a period of four years and found a distinct and highly significant

seasonal variation in the incidence of oestrus. Within individual ewes three

types of activity were found; continuous cyclic activity throughout the year,

a well defined breeding season and anoestrus, two highly repeatable breeding

seasons and anoestra each year.

Beatty and Williams (1971a, b) observed seven British breeds of sheep

in an equatorial climate (latitude 1°N, Colombia, South America). At no

time of the year did the proportion of ewes showing oestrus fall below 50% in

any breed. The difference between the pattern of reproductive behaviour

observed in British ewes in Britain and in this study must be attributed to the

equatorial climate, especially the photoperiod.

Anderson (1972) studied high grade Merino, Somali (Blackhead Persian)

and Masai ewes in Congo, Africa (latitude 0°43' S). There was very little

variation in the incidence of oestrus as shown by the Masai ewes, the maximum

proportion of ewes showing oestrus each month being 100% for 38 months with

the proportion being 90% and 95% for one and five of the months respectively.
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Similarly, there was little variation in the incidence of oestrus as shown by

the Somali ewes (range 80-100%) and the Merino ewes (range 74-93%). The

minimum incidences of oestrus coincided with the minimum rainfall (about one

inch of rain per month) and were, therefore, probably due to poor nutrition.

The breeding season of Merino ewes in Yorkshire, England has been

found (Tempest and Boaz, 1973) to be similar to that described for the Dorset

Horn described by Hafez (1952b) i.e. beginning in mid-summer and ending in

late winter.

A number of conclusions can be drawn from this review. First, the

timing and the duration of the breeding season varies with the breed (e.g.

Hafez, 1952b) and the location (e.g. Hafez, 1952b and Beatty and Williams,

1971a, b). A number of types of breeding season are distinguishable, for

examples the short, well defined breeding season of the Welsh Mountain in

Cambridge (Hafez, 1952b), the earlier and longer breeding seasons of the

Dorset Horn (Hafez, 1952b) and the Merino (Tempest and Boaz, 1973) in

Britain, the long breeding season of the Prealpes where the anoestrum is

recognised by a reduction, rather than a cessation, in the incidence of oestrus

(Thimonier and Mauleon, 1969), the virtually unvarying breeding seasons that

continue throughout the year at a high incidence of oestrus (Anderson, 1972)

and the individual ewes that show oestrous cycles throughout the year

(Wiggins, Barker and Miller, 1970).

The breeding seasons of British breeds with short breeding seasons have

been found to be centred around the shortest day (Hafez, 1952b) but this does
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not apply to all breeds in Britain (e.g. Dorset Horn; Hafez, 1952b and Merino;

Tempest and Boaz, 1973) and in other countries (Thimonier and Mauleon, 1969).

However, except where a high incidence of oestrus is observed throughout the

year, the occurrence of oestrus is more likely in the autumn and winter months

than in the spring and summer months.

Seasonal variation in prolificacy

Heape (1899) analysed data obtained from 397 sheep breeders

(representing 122, 673 ewes) in order to ascertain the breed variation in

prolificacy, the incidence of abortion and the incidence of barrenness. Over

half of the flock masters that replied commented that twins and few singles

tended to be born early in the lambing season. Heape considered that the

reason for this was that "the ewes with the most active and most rigorous

generative system" and which consequently tend to bear twins rather than

singles, start their breeding season earlier. Marshall (1908) also found that

flock masters in Scotland observed that more twins were born early in the

lambing season than during the middle or end. Marshall interpreted this

observation as evidence that the reproductive system, and particularly the

ovaries, were more active at the beginning of the tupping season than at

other times.

Roberts (1921), using data obtained from the American Shropshire

Registry Association also found that multiple births tended to occur early in the

lambing season with a peak in February.

Johansson and Hansson (1943) analysed the records for 58, 381 births
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over seven years in Sweden in Oxford Down, Shropshire, Cheviot and Swedish

Landrace (Mainland and Gotland Island sub-breeds). They found that the

lambing rate showed a seasonal trend. Shropshire ewes had about 1.25 Iambs

per birth at the beginning (December) and end (June) of the lambing season,

the peak lambing rate being about 1.60 in March. The Cheviot ewes showed

a more acute pattern, the lambing rate rising from about 1.10 in late January

to 1.50 in March and decreasing to 1.10 in June. Hammond Jun. (1944)

using data obtained from experimental observations rather than from surveys

or breed records, found that the proportion of twins dropped by Suffolk x

Border Leicester - Cheviot ewes in England followed the same pattern.

Watson (1953) performing the first controlled experiment on this aspect,

set up three mating groups of Merino ewes in Australia, each group running

with fertile rams for two months at a different time of the year. Most of the

ewes which mated in the autumn and summer mated once only, most of which

subsequently lambed. The ewes mated in spring showed a greater tendency to

return to heat and fail to Iamb. The incidences of multiple lambings were high

following the autumn mating and moderate following the spring mating, no

multiple Iambings followed the summer mating. Following the autumn, spring

and summer matings the lambing percentages were 99%, 81% and 85%

respectively. These data show the same seasonal variation as described by

previous workers in other locations and with other breeds.

Hulet, Voigtlander, Pope and Casida (1956) reported data for

Wisconsin Hampshire and Shropshire flocks collected over six years. The mean
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prolificacy at first service was found to be significantly lower when the mating
season began on the 1st August than when it began on the 1st September.

Prolificacy highly significantly increased from the onset of the mating season to

the 1st October. This is the first report based on data obtained over a number of

years and confirms the earlier reports.

Dun, Ahmed and Morrant (1960) found that the lambing rate for Merino

ewes in Australia was higher following matings in the autumn than following

matings in the spring, confirming the observations of Watson (1953) on Merino

ewes in Australia.

Unlike other workers, McGarry and Stott (1961) found little difference

between the lambing percentages after summer (86%) and autumn (87%) matings

in Australia.

Watson and Radford (1966) found little seasonal variation in the

prolificacy of Merino ewes in Australia, but that observed was in the same

direction as had been described by earlier workers. The low level of the

variation observed was due to the low level of multiple births throughout the

experiment.

. Land, Dickinson and Read (1968) split a flock of 249 Clun Forest ewes

into six groups, the groups being joined with rams at intervals of two weeks

commencing on the 12th October. The result was that the lambing percentage

and lambing rate declined from 146% and 1.70 to 80% and 1.03 respectively,

the decline in the lambing rate being 0.007 lambs per female per day. This is

one of the most convincing and precise reports of a seasonal variation in
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prolificacy.

McLaughlin (1968) found that Merino ewes in Australia mated in the

spring and autumn produced births of which 9.1% and 22.4% respectively were

multiple. There was a significant difference in the proportions of ewes mated

and the proportion of ewes lambing between the two seasons in only one of four

years.

Labban, Aboul-Naga and Radwan (1969) analysed the data resulting

from the lambing of 1,690 Rahmany ewes and 544 Barky ewes in Egypt. For

both breeds the mean lambing rate for the lambings resulting from matings in

October and November were higher than those for lambings resulting from

matings in December, January and February. However, from the numbers of

ewes lambing in each month it appears that the later lambings were due to the

appropriate ewes not mating and/or conceiving as early as those ewes lambing

in the earlier months, the lower lambing rates in the later months could,

therefore, have been due to those ewes being less fertile, and it is quite

probable that fertility and prolificacy are related.

Giles (1970) compared the reproductive performance of Bungaree and

Peppin Merinos ewes in Australia. Data from eight lambings at approximately

six monthly intervals showed that the proportions of the ewes mated that lambed

were on every occasion higher for the autumn matings (83% and 93%) than for

the spring matings (60% and 51%) for both Bungaree and Peppin Merino ewes

respectively. There was a similar, but less consistent, trend for the proportions

of multiple births.
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Using lambing data obtained by allocating ewes to one of nine five week

mating periods, Giles (1970) demonstrated that the proportions of the ewes

mated that lambed exhibited a definite seasonal trend for both strains of Merino,

the peak for both strains being in July (mid-winter) . The proportion of the ewes

returning oestrus after being mated showed a seasonal trend in the Peppin Merino

data (peak in summer, lowest in winter), though this parameter was far more

erratic in the Bungaree Merino data.

Glimp (1971) characterised the reproductive performance of seven breeds

of sheep (Suffolk, Hampshire, Rambouillet, Targhee, Corriedale, Coarse Wall

and Navajo) in Central U.S.A. The ewes were mated in one of three periods;

the 19th August to 1st October, the 2nd October to 12th November and the

15th November to 18th December. The lambing rate was highest following

mating in the first season for one breed, the second season for three breeds and

the third season for three breeds. Overall, the highest lambing rate followed

mating in the second season (1.70 as opposed to 1.55 and 1.62 for the first and

third seasons respectively). The lambing percentage was highest in the first

season for three breeds, the second for one breed and the third for two breeds.

The effect of season on lambing rate, but not lambing percentage, was

significant (P < 0.01).

Lees (1971) showed rather convincingly that the season of mating has an

effect on the subsequent lambing percentage using Clun ewes. The peak

lambing percentage was obtained following November matings (174%) while the

lowest occurred following March and April matings (both 126%). Flushing was
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deliberately avoided in this experiment.

Mallampati, Pope and Casida (1971) obtained a much higher lambing

rate from Targhee ewes following autumn and winter matings than following

spring and summer matings in two consecutive years,

Quinlivan and Martin (1971) studied oestrous activity and lamb

production in New Zealand Romney ewes. Data were obtained from five farmers

where the flocks were split into nine groups, each group was allocated a

different seventeen day mating period prior to which the ewes were isolated

from rams. Mating began on the 18th January (mid-summer) and ended on the

19th June (mid-winter). There were 80 ewes (balanced for age) in each mating

group on each farm. The lambing rate increased as the time of mating

progressed, the effect of time of mating being highly significant (P < 0.001),

The lambing rate decreased from 1,400 in mating period three to 1.097 in

mating period nine (P < 0,01). The lambing percentage followed the same

trend as that shown by the lambing rate.

Alfranca (1972) analysed data on 24,036 lambings of Aragonese ewes

and found a significant (P < 0.05) difference between the numbers of Iambs

born per ewe lambing following matings in the autumn (120.5%) and the spring

(108.8%),

In most of the instances reviewed here, prolificacy was found to be

maximal after the onset of the breeding season and to be lower at the start and

during the later two-thirds to a half of the breeding season. This pattern tends

to be obscured in breeds and locations where the breeding season is long (e.g.
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Merinos in Australia; McGarry and Stott, 1961 and Watson and Radford, 1966).

Throughout these reports the time of mating has been confounded with the

time of onset of the breeding season in individual ewes as there is considerable

variation between individual ewes in the onset of their breeding seasons (e0g.

Hafez, 1952b). A recent paper has been published based on a study designed

to investigate the relationship between the time of the onset of the breeding

season and the time of mating on litter size (Hendy and Bowman, 1974). 160

Dorset Horn ewes kept near Reading, England were mated at their first, second,

third, fourth or fifth oestrus of their breeding seasons in either the early, mid or

late mating phase. Matings at the third oestrus yielded higher (1 „74) litter

sizes than matings at the first (1.36), second (1.44), fourth (1.62) or fifth (1.53)

oestrus. Ewes showing their first oestrus late tended to yield smaller litters (1.37)

irrespective of which oestrus they were mated at compared to ewes showing their

first oestrus early (1.64) or mid (1.60). Although this was a complicated

experiment, this is the first attempt to separate the effects of these two variables

on litter size; it was shown that there was a variation in the litter size with the

time of mating and, therefore, supports earlier studies which did not attempt to

separate these two variables. These data support the hypothesis advanced by

Heape (1899) that "the ewes with the most active and most rigorous generative

system", and which consequently tend to bear twins rather than singles, start

their breeding seasons earlier than less prolific ewes.

Seasonal variation in embryonic mortality

In his review of pre-natal mortality in the sheep, Edey (1969) found



16

reports on the seasonal variation of embryonic mortality conflicting.
The conception rate has been reported to decrease toward the end of the

breeding season (Hammond, 1944 and Averill, 1955); this was suggested to be

due to a lack of fertilisation. Hulet, Voigtlander, Pope and Casida (1956)

found that the proportion of ova that were not fertilised and the proportion of

abnormal ova were both higher following matings before the 16th September than

after. Laffey and Hart (1959) found that the minimum in the proportion of ova

that were abnormal coincided with the maximum in the ovulation rate. Giles

and Drinan (1969) found that more ewes returned to oestrus and less ewes were

pregnant 12 weeks after mating following matings in the spring than earlier in

the year. A very highly significant (P < 0.001) decrease in the conception

rate as the breeding season progressed was found by Quinlivan and Martin (1971).

Watson and Radford (1966) found no seasonal variation in the foetal loss or

prolificacy when Merino ewes were inspected at slaughter four weeks after mating.

These reports suggest that embryonic mortality is least when prolificacy is

maximal, i.e. after the beginning of the breeding season, and greater at the

beginning, and during the latter part, of the breeding season. However, there

is insufficient data to indicate whether the observed variation in prolificacy

could be entirely attributed to a variation in embryonic mortality.

Doney, Gunn and Smith (1973) found an increased embryonic mortality

in ewes where two ovulations occurred on one ovary (22.2%), compared to

where one ovulation occurred (8.8%) and where one ovulation occurred on each

ovary (11.6%). The greatest mortality was found where two embryos were found
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in one uterine horn (26.3%). This would indicate that embryonic mortality could

be expected to be maximal when the incidence of multiple ovulations is maximal
and would, therefore, tend to dampen any seasonal variation in prolificacy.

Seasonal variation in ovulation rate

The early work on this topic was done on slaughterhouse material which

had the advantages that it cost little and was available in large quantities.

Disadvantages were numerous, however. For example, there is no control of the

week to week variation in the breeds or ages of the ewes slaughtered and there is

no information on other reproductive characteristics of the ewes examined.

Grant (1933-34) examined 30 - 50 carcasses per week for eighteen months

and found recent corpora Iutea at the beginning and end of the anoestrum, but

none in mid-anoestrum. The same pattern of incidence of corpora lutea was found

by Roux (1936). McKenzie and Terrill (1937) observed a maximum in the

ovulation rate in October and early November and a variation among the four

breeds that they had studied. Watson (1952) found that the ovulation rate was

higher in the early breeding season than in the late breeding season and that the

variation in ovulation rate paralleled the variation in lambing rate. Hammond

(1944) similarly found that the ovulation rate paralleled the twinning rate,

although this was based upon scanty data. Averill (1955) slaughtered ewes after

mating and found the highest ovulation rate corresponded to late November,

which was when the conception rate was highest also. McDonald (1958) found

no ovulations during anoestrum and the maximal ovulation rate in the middle of

tne breeding season and that there was very close agreement over two years.
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Averill (1959) found the maximal ovulation rate occurred after one-third of the

breeding season and postulated that progressive physiological changes, possibly

endocrine, resulted in variation in the proportion of ewes that had multiple

ovulationso Hunter (1959) slaughtered over four thousand Merino ewes over one

year and found the greatest ovulation rate in the autumn months. Similar results

were obtained by Dun, Ahmed and Morrant (1960); Averill (1964); Fels, Neil,

Ralph and Suiter (1969); Giles and Drinan (1969) and Robinson (1971). These

data show an unequivocal seasonal variation in the ovulation rate with the

maximum occurring soon after the onset of the breeding season.

The disadvantage with surgery is that it is expensive in costs, manpower

and time. However, it does allow the type of ewe studied to be controlled and

to be examined repeatedly, although adhesions can be a problem (Fletcher and

Geytenbeek, 1970 and Dermody, Foote and Hulet, 1970). Radford (1959)

examined ewes repeatedly by laparotomy to observe the ovulation rate and

found the maximum in the autumn and the minimum in the spring. Allison (1968)

found a greater ovulation rate at the second oestrus (1.60) than at the first

oestrus (1.35) of the breeding season. Fletcher and Geytenbeek (1970) found

no seasonal variation in the small proportion of twin ovulations during the year

(20-40%) but, due to a variation in the incidence of ovulation, found a

noticeable variation in the number of ovulations per ewe observed with a

maximum in the autumn and a minimum in the spring. Dermody, Foote and

Hulet (1970) found a considerable variation in the ovulation rate of Western

Range ewes in Idaho, U.S.A., the ovulation rate increasing to a peak soon after
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the onset of the breeding season, then decreasing steadily until the end of the

breeding season. These data confirm earlier reports based on the examination

of slaughterhouse material.

The technique of Iaparoscopy has recently been improved and applied to

farm animals. The main advantage over laparotomy is the much reduced risk of

adhesion formation with the result that the same animal can be examined on a

much greater number of occasions.

Thimonier and Mauleon (1969) first used this technique to examine the

incidence of oestrus and ovulation in the Ile-de-France and Prealpes ewes over

the period of years. The I le-de-France ewes exhibited a discreet breeding

season, but with a little oestrous activity and a considerable incidence of

ovulation during the anoestrum. The Prealpes ewes had a period of maximal

incidence of oestrus and ovulation during the anoestrum greater than that

observed in the lle-de-France ewes. The distinction between breeding season

and anoestrum is one of quantity of activity here as some oestrous and ovulatory

activity is observed throughout the year. In both breeds distinct increases in the

incidences of ovulation were found in the middle of the anoestra, this increase

being more marked during the anoestra of the second year of observation than

during those of the first year. Such a mid-anoestrous peak in the incidence of

ovulation was not found by Fletcher and Geytenbeek (1970) in Merinos in

Australia. Allison (1968) and Dermoay, Foote and Hulet (1970) did not examine

their ewes during the anoestrum.

Land, Pelletier, Thimonier and Mauleon (1973) found that for about two



20

months of the year Solognote and Romanov ewes did not show oestrus, while a

low incidence of activity was found during a further four months of the year.

Ovulatory activity also ceased for part of the period during which no oestrous

activity was observed. Due to the gradual change from full to no reproductive

activity, it is difficult to state exactly where the breeding season begins and

ends. No distinct peak in the incidence of ovulation during the anoestrum as

described by Thimonier and Mauleon (1969) was found, though some ovulatory

activity did occur throughout the period of observation,

Ducker and Boyd (1974) applied the technique of Iaparoscopy to Greyface

ewes and found a similar gradual change from minimal to maximal incidence of

ovulation, the number of ovulations per ewe observed followed a similar pattern.

The use of the technique of Iaparoscopy in order that a single group of

ewes may be repeatedly observed over long periods has confirmed earlier work

and clearly demonstrated a considerable seasonal variation in the ovulation rate

and the incidence of ovulation, the maxima occurring at the time of the maximal

incidence of oestrus and corresponding to the time of the maximal lambing rate.

Seasonal variation in gonadotrophic stimulation

Warwick (1946) bioassayed the pituitaries of entire ewes during the

breeding season and anoestrum. The pituitaries obtained during the breeding

season tended to be more potent when compared with the potency of pituitaries

obtained during anoestrum, but the differences were neither significant nor

consistent.

Kammlade, Welch, Nalbandov and Norton (1952) slaughtered a total of
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130 blackfaced Western American crossbred ewes at various times of anoestrum

and the oestrous cycle. The pituitaries were bioassayed for gonadotropins and

thyroid stimulating hormone. During anoestrum the gonadotropin content of the

pituitaries was constant while during the oestrous cycle it increased by 100%

between Day 0 and Day 16. Generally, the gonadotropic potency of the ovine

pituitaries was greater when obtained from ewes slaughtered during anoestrum

than during the breeding season. Observation of the ovaries from the slaughtered

ewes showed that there was little difference in the activity of the ovary (in terms

of the number of follicles in each ovary or the diameter of the largest follicle in

each ovary) during the breeding season and anoestrum, though the mean number

of follicles per ewe was greater during the breeding season (26.2 versus 19.0).

It was considered that these observations indicated that there was some

secretion of gonadotropins by the pituitary during anoestrum, but that the

resulting follicles did not secrete sufficient oestrogen to stimulate the exhibition

of oestrus and the uterine endometrium which therefore adopted an atrophic

appearance. It was concluded that anoestrum was due to a follicle stimulating

hormone (FSH) : luteinizing hormone (LH) imbalance, little LH being secreted.

Raeside and Lamond (1956) treated mature Romney Marsh ewes in

Australia with progesterone and PMS and slaughtered ten ewes in the period 10th

to 13th January and nine ewes in the period 18th to 20th January. The mean

potency of the pituitaries obtained from the ewes slaughtered in the second period

was found to be significantly (P < 0.05) greater than that of the first group.

Also, there was a greater number of small follicles in the ovaries from the second
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group. It was concluded that the increase in pituitary gonadotropic potency

and the numbers of ovarian follicles was due to either the increasing nearness of

the breeding season or the stimulatory effect of rams that were introduced on the

1st January.

As part of an experiment to study the effect of hypothalamic lesions on

ovarian function, Clegg and Ganong (1960) reported data on the LH and FSH

content and the weights of pituitary glands obtained from control mature white

faced American ewes slaughtered during the breeding season and early anoestrum.

The FSH and LH contents and pituitary gland weights were all lower in the

anoestrous ewes. This observation conflicts with that of Kammlade, Welch,

Nalbandov and Norton (1952). The ratio of LH to FSH was lower during

anoestrum than during the breeding season (5.4 versus 11.4), again indicating

a gonadotrophin imbalance.

Hutchinson and Robertson (1960) used specific gonadotrophin bioassays

to determine the potencies of pituitary glands obtained from sheep 36 hours and

10 days after oestrus during the breeding season and during anoestrum. The

anoestrous pituitaries contained the greatest amount of FSH and intermediate

amount of LH and the FSH : LH ratio was 1 : 5.84, compared to 1 : 6.65 at 36

hours post oestrus and 1 : 10.73 at 10 days post oestrus. As the ovaries of the

ewes contained follicles, but no recent corpora lutea, it was concluded that

while some gonadotrophin was released during anoestrum there was an absence of

ovulation due possibly to the lack of ovulatory surge of LH.

Robertson and Hutchinson (1962) determined the levels of the



23

gonadotroph!c hormones in the pituitaries of pre-puberty, anoestrous, pregnant,

luteal phase (all Welsh Mountain) and slaughterhouse (mixed breeds) ewes with

specific gonadotrophin bioassays„ They concluded that when ovulation did not

occur it was either due to an FSH : LH imbalance or a lack of the substantial

release of FSH and LH necessary to stimulate ovulation.

Pelletier and Ortavant (1964) exposed rams to an artificial light regime

that was increased from eight to sixteen hours of light per day. The rams were

slaughtered and the pituitary contents of FSH and LH were assessed. They

found that tine FSH and LH contents were both greater following the shorter

light period. For both long and short day length the FSH and LH contents of the

pituitary were both greater at the end of the dark period than at the end of the

light period. They concluded that the release of gonadotropic hormones during

the day produced a diurnal rhythm in the pituitary content of gonadotropins.

Following continuous exposure to light for 48 hours they found that the pituitary

contents of FSH and LH were depleted by 85 and 53% respectively. These

findings conflict with those of Kammlade, Welch, Nalbandov and Norton

(1952), but support those of Clegg and Ganong (1969).

Thimonier and Mauleon (1969) assayed pituitaries from slaughtered

lle-de-France ewes collected over twelve months (mainly 4 or 5 per month),

and found that the FSH and LH contents were both lower during the anoestrum

(long days) than during the breeding season (short days). These data agree with

the results of Pelletier and Ortavant (1964).

Roche, Foster, Karsch, Cook and Dziuk (1970) assessed pituitary and
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serum LH levels during the oestrous cycle and anoestrum using mature Western

(American) crossbred ewes which had had their previous oestrus synchronised»

Pituitary LH content was found to be lowest in July and the serum LH level was

found to be lowest in June and July though the differences between the months

(May, June, July and August) were not found to be significant.

It can be seen from these data that it is not clear whether or not the

gonadotropic stimulus of the pituitary varies with the season of the year. The

significance of "gland content" data is uncertain, for example a pituitary may

contain little FSH because either it is synthesising very little FSH or is

secreting it as rapidly as it is synthesised. It is apparent, though, that the

pituitary is not devoid of gonadotropins during anoestrum, although the ratio

of FSH to LH, which may be important to the ovary, may be different.

Reeves, O'Donnell and Denorscia (1972) ovariectomised four mature

anoestrous Colombia ewes and collected serum for the assessment of LH levels by

radioimmunoassay. Ovariectomy increased peripheral LH levels, also rhythmic

oscillations in the LH level having a mean duration of 52 min

(standard deviation : - 10.5 min) were observed. There were no consistent

oscillations in the LH level in the jugular or cavernous sinus serum samples taken

from three intact, anoestrous ewes. These observations indicate that neither the

anoestrous ovary nor the anoestrous pituitary are endocrinologically quiescent.

Reeves, Arimura, Schally, Kragt, Beck and Casey (1972) injected

synthetic Luteinizing Hormone-Releasing Hormone/Follicle Stimulating

Hormone-Releasing Hormone (LH-RF/FSH-RF) intramuscularly into five anoestrous
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(late July) mature Colombia ewes. All of these ewes showed considerably

elevated LH and FSH levels, compared to none of the five control ewes, three

of the ewes, compared to one control ewe, ovulated between laparotomies two

days before and three days after the hormone administration. These results

show that the lack of ovulation in anoestrous ewes is not due to a pituitary

incompetence. This study was conducted towards the end of the anoestrum, two

of the twelve ewes allocated to the experiment being discarded as their ovaries

contained corpora lutea at the pre-treatment laparotomy and one of five control

ewes ovulated during the five days between laparotomies.

Domanski and Kochman (1968) infused hypothalamic extract collected

from ewes during the breeding season into the adenohypophyses of ewes during

mid-anoestrum, when no ovarian response was observed, and during late anoestrum

(two to four weeks before the beginning of the breeding season) when evidence

of recent ovulation was found. These data suggest a difference in the ability of

the pituitary gland to respond to gonadotropin releasing factors at different

times of the anoestrum.

Jackson, Roche, Foster and Dziuk (1971) assessed the hypothalamic

luteinizing hormone releasing factor (LH—RF) contents of cyclic and anoestrous

ewes. They found that the LH-RF activities during the four months of anoestrum

studied were as high as that during the oestrous cycle. From this data, it was

concluded that anoestrus in the ewe is not due to a deficiency of LRF in the

hypothalamus, but the absence of the appropriate signal(s) for its release. The

secretion of gonadotropins during the anoestrum is implied by the observation of
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follicles in the ovaries of ewes during the anoestrum, there being little

difference in the size or numbers of the follicles between the ovaries of ewes in

the anoestrum or in the breeding season (Grant, 1933-34; Roux, 1936; Hammond,

1944; Watson, 1952; Kammlade, Welch, Nalbandov and Norton, 1952;

Hutchinson and Robertson, 1960 and 1966 and Roberts, 1968) „ The activity of

these follicles has been demonstrated by the fact that they secrete sufficient

hormone, presumably oestrogen, to inhibit LH secretion (Roche, Karsh, Foster

and Dziuk, 1974)0

From these data it is clear that tie anoestrum is not due to a deficiency

of pituitary gonadotropins, an inability of the pituitary to respond to

hypothalamic releasing factors by releasing gonadotropins, a deficiency of

releasing factors in the hypothalamus, or an inability of the ovary to respond to

gonadotrophins. The question of the ratio of LH to FSH might be worth

re-examining now that specific radioimmunoassays are becoming available,,

The alternative is that the cause of the lack of ovulatory and oestrous behaviour

is the lack of the nervous stimulus to the hypothalamus to release the gonadotropin

releasing factors.

The nature and cause of seasonal variation

McKenzie and Terrill (1937) in their study of the factors affecting

ovulation and oestrus found that mature ewes in their prime, ewes observed in

the second and third months of the breeding season and ewes on a favourable or

high plane of nutrition tended to have shorter oestrous cycles, greater duration

of oestrus, longer pre-ovulatory periods (interval between the onset of oestrus and
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ovulation) and higher ovulation rates. In contrast, immature and old ewes, ewes

observed during the first and latter months of the breeding season and ewes on a

low or unfavourable plane of nutrition tended to have shorter oestrous periods,

longer oestrous cycles, shorter pre-ovulatory periods and lower ovulation rates.

It was suggested that these two groups were different in two respects; first, the

reproductive organs of the first group were more responsive in terms of speed and

degree of response to stimulation and, secondly, the gonadotrophic activity of

the anterior pituitary would be expected to be greater in the ewes of the first

group. Thus, pituitary-ovary interactions would be more rapid, hence the

shorter oestrous cycle. Increased stimulation and responsiveness would cause

increased duration of oestrus, ovulation rate and pre-ovulatory period.

The reproductive activity (e.g. length of oestrous cycle, ovulation rate)

of the ewes was found to vary with age, the maximum being at about three to

five years old. in a similar manner, reproductive activity was found to vary

during the breeding season, activity being low in the first and last months and

high in the second and third months.

As the ovaries are responsive to gonadotrophic stimulation during

anoestrum, McKenzie and Terrill (1937) suggested that the breeding season results

from an increase in the gonadotrophic activity of the anterior pituitary, this

increase continuing gradually into the breeding season and then decreasing.

This gradual change in gonadotrophic stimulation was claimed to account for the

occurrence of ovulation without oestrus before and after the breeding season.

Nutrition and the climate could modify reproductive activity, an optimum
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environment allowing full expression of the ewe's genetic reproductive capacity.

One of the conclusions made by Quinlan, Steyn and De Vos (1941) after

their study of the sex-physiology of the sheep was that the return to sexual

activity at the beginning of the breeding season is generally a gradual process,

the high level of gonadotropic and follicular hormones necessary to stimulate

full oestrus and ovulation may not be attained simultaneously with the result

that weak oestrus with or without ovulation (determined at slaughter after

displaying weak oestrus) is a frequent occurrence,

Yeates (1949) concluded that the beginning and end of the breeding

season was regulated by the variation in day length, nutrition was the only other

factor found to be able to modify this effect. No support was given to the

suggestion that there is in sheep an inherent rhythm of alternate periods of

reproductive activity and quiescence. The length of the breeding season was

generally found to be according to the latitude of the place of origin of the

sheep. The fertility and libido of rams was also found to be dependent on, and

controlled by, the light regime. It was suggested that the light exerted its effect

by stimulating the retina, subsequent nerve impulses stimulating the hypothalamus,

final transmission of the information probably being by humoral means via the

hypophysial portal vessels.

Robinson (1951), on the basis of a review of observations of the

morphology of the ovaries and uteri of Merino ewes, follicular development,

regression and ovulation and the response to PMS, all in anoestrum, concluded

that there is an inverse relationship between the duration of daylight and pituitary
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gonadotroph!c activity. Breed differences in reproductive activity were considered

to be due to breed differences in either the threshold of pituitary gonadotropic

activity necessary to stimulate ovulation or the level of general pituitary

gonadotrophic activity. Robinson considered that anoestrum is a relative, rather

than an absolute, quiescence.

Hafez (1951a) stated that differences between breeds of sheep in their

sexual activity is due to differences in the secretion of the gonadotrophic

hormones, this being supported by evidence that the varying degrees of pituitary

gland activity are inherited, for example the duration of the breeding season of

first cross ewes is intermediate between those of the two parent breeds.

Averill (1959) studied the variation in the ovulatory activity of mature

Romney ewes and found a seasonal variation in the proportion of ewes with multiple

ovulations, he suggested that this was due to progressive physiological changes,

probably endocrine in nature.

Radford (1959) collected data on the incidence of twin ovulations in

Merino ewes by repeatedly, seven times in all, subjecting the ewes to laparotomy.

He was able to fit a simple sine curve (P = 0.571 - 0.246 sin 0 - 0.015 cos 0

where 0 is a parameter of time) to the incidence of twin ovulations, the

variation being highly significant.

Land (1967) considered that an underlying physiological variable related

to the various aspects of fertility and prolificacy (e.g. ovulation rate,

fertilisation rate, embryonic mortality, non-return rate) described a seasonal

variation similar to that of a sine wave, the differences between breeds being due
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to differences in the amplitude, shape and position (with respect to time) of the

curve and the position of the threshold level (above: fertile; below: infertile,

i.e. anoestrous).

Robinson (1970) suggested that reproductive activity varied cyclically

and that this variation was due to an annual rhythm in the efficiency of the

hypothalamus - pituitary - ovary complex, there being a peak in the autumn and

a trough in the spring. The variation in the length of the breeding season and

"depth" of anoestrum between breeds being due to a variation in the threshold

for the release of the ovulatory hormones.

Land (1971) studied the incidence of oestrus during lactation in Finnish

Landrace, Dorset Horn and Finnish Landrace x Dorset Horn ewes and found that

the Finnish Landrace ewes were superior in terms of the incidence of oestrus and

the proportion of fertile oestrous periods. This observation and other observations

of the superior reproductive activity of Finnish Landrace ewes and rams led to

the conclusion that the physiological variable responsible for the observed high

reproductive activity is probably common to both sexes, and therefore it is more

likely to be greater gonadotrophic stimulation than greater gonadal sensitivity.

This concept is important as it is likely that the variation in prolificacy and

fertility between breeds is due to variation in the same physiological parameter

as is responsible for seasonal variation in prolificacy and fertility.

Land, Pelletier, Thimonier and Mauleon (1973) found a considerable

variation in the interval between the onset of oestrus and the start of the

pre-ovulatory LH discharge between breeds of ewe, this variation being positively
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correlated with the ovulation rates of those breeds. It was considered that this

variation could be due to a variation in the pattern of pre-ovulatory oestrogen

secretion or in the sensitivity to oestrogen of the centres responsible for the

release of LH. It has been shown that ovulation consistently occurs 24 hours

after the start of the pre-ovulatory LH discharge (Cumming, Brown, Blockey,

Winfield, Baxter and Goding, 1971 and Cahill, Buckmaster, Cumming, Parr and

Williams, 1974) and, therefore, it can be expected that the interval between

the onset of oestrus and ovulation will vary with the ovulation rate. This

confirms the finding of McKenzie and Terrill (1937) that the interval between

the onset of oestrus and ovulation is greater in breeds, during seasons and in

better fed ewes where the ovulation rate is higher than in circumstances where

the ovulation rate is lower0
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CHAPTER II

INTRODUCTION
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The review of the literature has shown that there are many types of

seasonal variation in the incidences of oestrus and ovulation, from the flocks

of Merinos in Australia and South Africa that show some reproductive activity

throughout the year while all the ewes are active at the same time for only a

short period (e.g. Giles and Drinan, 1969) to the ewes of British breeds in

Britain that show relatively short and synchronised breeding seasons (Hafez,

1952b) c However, there has been no unequivocal demonstration as to whether

the seasonal variation in ovine reproductive performance is quantitative (gradual

and progressive) or qualitative (abrupt) in nature. These two alternatives are

illustrated in Figure 1. If reproductive activity varied in a qualitative manner,

ewes would either be fertile, in the breeding season, or infertile, in the anoestrum.

Quantitative variation would produce a gradual change from the maximum level

of reproductive activity, the breeding season, to a minimal level during the

anoestrum, the relative durations of the breeding season and the anoestrum

depending upon the position of the threshold.

Recent publications have shown that the distinction between the breeding

season and anoestrum is not clear in that some ewes show reproductive activity

when most of the ewes are anoestrous, and vice versa (Thimonier and Mauleon,

1969 and Land,Pelletier, Thimonier and Mauleon, 1973). Also, the flocks

studied did not change rapidly from being reproductively active to being

reproductively quiescent, but changed gradually, some ewes months before

others. A considerable quantity of reproductive activity has been found to occur

during the anoestrum, e.g. the presence and size of ovarian follicles (Kammlade,
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Figure 1. Alternative models of the nature of seasonal

variation in the reproductive performance of the

sheep : Quantitative and Qualitative,,
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Welch, Nalbandov and Norton, 1952), endocrinological activity of the

pituitary-ovary axis (Reeves, O'Donnell and Denorscia, 1972) and the incidence

of ovulation (Thimonier and Maul£on, 1969). Distinct mid-anoestrous peaks in

the incidence of ovulation in Prealpes and lle-de-France ewes have been

reported by Thimonier and Mauleon (1969). Such a peak has not been described

previously and has yet to be confirmed.

It was decided to study the response of the sheep in relation to its

environment in terms of the incidences of oestrus and ovulation and the ovulation

rate. There have been no published reports on the seasonal variation, if any, in

the activity of the ovarian corpus luteum, therefore a study of the variation in

the peripheral progesterone concentration was also undertaken. Also, this would

allow seasonal variation to be studied in terms of a continuous variable, rather

than the discreet variation in characters such as ovulation rate. It is known that

different breeds respond differently to changes in the environment (Hafez,

1952b); these differences were exploited by studying three breeds of sheep

(Finnish Landrace, Tasmanian Merino and the Scottish Blackface) that were

expected to show different patterns in the seasonal variation of the reproductive

activity.

It is known that a seasonal variation in many parameters of reproductive

activity occurs in the sheep. However, it is not known how such a variation

influences, or is influenced by, the relationships between progesterone,

oestrogen and LH. There is evidence that the relationships between the hormones

important in reproduction are involved in the variation in reproductive activity.
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For example, the variation in the release of LH has been studied with respect to

the variation in the ovulation rate by Thimonier and Pelletier (1971)0 They

observed that ewes from a flock with a higher mean ovulation rate (1 .57)

compared to a second flock of ewes of the same breed (1 .43), and that ewes

having two ovulations compared to ewes having a single ovulation, had a greater

mean area of pre-ovulatory LH peak, a greater maximum LH concentration, a

greater mean duration of LH discharge and a greater interval between the onset

of oestrus and the onset of the pre-ovulatory LH peak. Land, Pelletier, Thimonier

and Mauleon (1973) made similar observations on ewes representing four genotypes

with different ovulation rates and obtained similar results. The greatest

difference occurred in the interval between the onset of oestrus and the start of

the pre-ovulatory LH discharge, this interval being 17.6 hours in Romanov ewes

and 7.5 hours in the ewes of the three other breeds, the mean ovulation rates for

these two groups being 2.57 and 1.40 respectively. It was decided to extend

these observations in a study of two genotypes, Tasmanian Merino x Finnish

Landrace and Tasmanian Merino, with different ovulation rates (1.97 and 1.06

respectively; Land, Russell and Donald, 1974). Seasonal variation has been

shown in the response of the ovariectomised ewe to exogenous oestrogen in terms

of the display of oestrus and the release of pre-ovulatory LH (Land, Wheeler and

Carr, 1975). The study was, therefore, conducted in November (autumn) and

repeated in February (winter) and June-July (summer) in order that any

seasonal variation present could be determined. Three of the main reproductive

hormones - LH, progesterone and oestradiol-17y? - were studied as it is known
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that it is the changes in the secretion of these hormones, and FSH, that regulate

the oestrous cycle in the sheep (Short, 1972) „

Due to the very low concentration of oestradiol-17^ in sheep peripheral

plasma and the desirability of measuring the secretion rates of the ovarian

steroids rather than their peripheral concentrations, it was required to collect

frequent, timed, ovarian venous blood samples,, Ewes which had had one ovary

autotransplanted to a carotid-jugular cervical skin loop (Goding, McCracken and

Baird, 1967) were therefore used, as these preparations allow the collection of

frequent, repeated, timed, ovarian venous blood from conscious and relatively

unstressed animals„ Also, due to the separation of the ovary from the uterus, the

time of luteal regression is delayed in these preparations (Goding, Harrison,

Heap and Linzell, 1967), The infusion of PGF0 into the ovarian arterialZ. oc

blood supply would, therefore, induce luteal regression at the same time in all

the ewes (Chamley, Buckmaster, Cain, Cerini, Cerini, Cumming and Goding,

1972).

The existence of a pre-ovulatory increase in progesterone has not been

demonstrated in the ewe, although there is evidence of the morphological

luteinization of the granulosa cells of the graffian follicle before ovulation

(Bjersing, Hay, Kann, Moor, Naftolin, Scaramuzzi, Short and Younglai, 1972).

This may be due to the increase being too small to be detected in peripheral

samples by present assay methods. Similarly the lack of a demonstration in

ovarian venous samples collected by laparotomy (e.g. Bjersing, Hay, Kann,

Moor, Naftolin, Scaramuzzi, Short and Younglai, 1972) may be due to the small
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increase and the variation in the "baseline" level between ewes, such that

elevated levels are not recognised as such. The frequent collection of ovarian

venous samples from ewes with autotransplanted ovaries should allow any

pre-ovulatory increase in progesterone to be demonstrated. The assay of LH

in these samples will allow the time relationship between any increase in

progesterone and the estimated time of ovulation (Cumming, Brown, Blockey,

Winfield, Baxter and Goding, 1971) to be determined.

The precise time of luteal regression in the hysterectomised ewe or the

ewe with an autotransplanted ovary has not been determined. The corpora Iutea

of the autotransplanted ovary are known to be maintained and that normal

oestrous cycles do not occur (Goding, McCracken and Baird, 1967), this is

probably due to the destruction of the vascular relationship between the uterus

and the ovary (Baird and Land, 1973). Peripheral plasma samples were,

therefore, collected daily from ewes with autotransplanted ovaries following a

PGF2 ^ infusion to regress existing corpora lutea (Chamley, Buckmaster, Cain,
Cerini, Cerini, Cumming and Goding, 1972) for 220 days. The function of the

corpora lutea that were formed following the regression of the previous corpora

lutea was monitored by assaying these plasma samples for progesterone, thereby

allowing the time of luteal regression to be identified.
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CHAPTER 111

SEASONAL AND BREED VARIATION IN

OESTROUS AND OVARIAN ACTIVITY
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Introduction

The seasonal variation in the reproductive activity of the ewe has been

studied extensively (see Chapter 1), However, it has not been unequivocably

determined as to whether this variation is quantitative or qualitative in nature

(Figure l)0 Recent publications (Thimonier and Mauleon, 1969 and Land,

Pelletier, Thimonier and Mauleon, 1973) have shown that the distinction between

the breeding season and anoestrum is not clear in that some ewes show

reproductive activity when most of the ewes are in an anoestrous state, and

vice versa . Also, the flocks studied did not change rapidly from being

reproductively active to being reproductive I y quiescent, but changed gradually,

some ewes changing months before others„ A considerable amount of

reproductive activity has been found to occur during the anoestrum, e.gc the

presence and size of ovarian follicles (Kammlade, Welch, Nalbandov and

Norton, 1952); activity of the pituitary-ovary axis (Reeves, O'Donnell and

Denorscia, 1972) and incidence of ovulation (Thimonier and Mauleon, 1969).

A distinct mid-anoestrous peak in the incidence of ovulation in Prealpes and

lle-de-France ewes has been reported by Thimonier and Mauleon (1969), such

a peak had not been described previously and has yet to be confirmed«

It was decided to study the response of the sheep to its environment in

terms of the incidence of oestrus and ovulation and ovulation rate. The study of

the variation in the peripheral progesterone concentration was also undertaken

as there have been no published previous reports on the seasonal variation in the

activity of ovarian corpora lutea. It is known that different breeds respond
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differently to changes in the environment (Hafez, 1952b), these differences were

exploited by studying three breeds of sheep; Finnish Landrace, Tasmanian Merino

and Scottish Blackface, that were expected to show different patterns in the

seasonal variation of their reproductive activity. It was attempted to maintain

the nutritional status of these animals at a constant level during the experiment,

this was assessed by weighing the ewes and assaying the plasma non-esterified

fatty acid concentration at frequent intervals.

Materials and methods

The observations on the animals were begun in late June 1972 and

continued until after the 1973/74 breeding season had begun in the autumn of

1973.

Animals The experiment was begun with ten ewes and five gimmers

(eighteen month old females) of each of three breeds; Finnish Landrace,

Tasmanian Merino and Scottish Blackface.

The Finnish Landrace sheep came from a flock that had originated from

ten ewes and five rams imported from Finland to the Animal Breeding Research

Organisation's (A.B.R.O.) BIythbank Farm, Peeblesshire, Scotland in September

1962. These original animals were selected for freedom from disease and a good

record of fertility, most of the sheep having been born in large litters. This flock

has been described by Donald and Read (1967).

The Tasmanian Merino sheep came from a flock that originally was

derived from twelve ewes and three rams imported by the Agricultural Research

Council in 1955 and kept by A.B.R.O. near Edinburgh (Tempest and Boaz, 1973).
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The Scottish Blackface ewes were taken from a flock kept by A. B.R.O.

Stanhope Farm, Peeblesshire.

When the individuals were allocated to this experiment, their previous

reproductive performance was not taken into account. All lambs were weaned

off the ewes that had lambed the previous spring before the animals were

incorporated in the experiment in late June 1972. The death and rejection of

some animals, however, and the incorporation of others, changed the numbers of

animals representing the breeds and age groups during the course of the experiment.

All animals were kept outside at the A.B.R.O. Field Laboratory, Roslin,

Midlothian (latitude 55° 51' N, longitude 3° 11' W, altitude 500 feet) in

paddocks throughout the experiment, except when moved inside for pre-laparoscopy

starving. During the experiment, it was noticed that flood lights illuminated a

road on nearby National Coal Board property approximately a quarter of a mile

from the sheep paddocks on five nights of the week. Although the quantity of

light illuminating the paddocks containing the animals was measured to be less

than foot candles, approximately as intense as bright moonlight, all the

animals were moved to paddocks on the other side of the A.B.R.O. Field

Laboratory, well away from the lights, on the 6th February, 1973. However,

there was no evidence that this lighting affected the reproductive performance of

the sheep in this, or other, experiments.

To supplement the grass, the animals received hay and cereal concentrates

during the winter months. The use of sheepdogs could not be avoided, but was

restricted wherever possible.
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The observations made on these animals are described in detail, with the

methods used, in the following sections. The observations made are summarised

in Table I .

Incidence of oestrus Experience in A.B.R.O. has shown that Finnish

Landrace rams are the most reliable breed for detecting sheep in oestrus (e.g.

Land, 1970a) and, therefore, vasectomised Finnish Landrace rams were used

throughout the experiment.

During anoestrum all animals were run together with a raddled

vasectomised ram (continuous challenge group). The ewes were examined and

the raddle applied to the ram every morning between 0900 and 1100 hours. Any

sheep found to be marked were recorded as having been in oestrus (the first day

of oestrus being designated Day 0 of that oestrous cycle) and moved to another

paddock for twelve days (isolation group). On the twelfth day they were moved

to a third paddock; the animals in this paddock were teased with a ram for 15 to

30 minutes every morning between 0900 and 1100 hours (daily challenge group).

When an animal in the daily challenge group stood to the ram, she was recorded

as having been in oestrus and returned to the isolation group for twelve days. If

an animal in the daily challenge group failed to stand to the ram for ten days, i.e.

within 22 days of her previous heat, she was returned to the continuous challenge

group.

It was considered that the high incidence of "missed" heats observed for

tne Tasmanian Merinos (see Figure 8) might be due to the oestrous period being

shorter that 24 hours and, therefore, possibly not detected. To test this possibility,
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Table 10 Summary of the observations made on each ewe in the study of

the seasonal and breed variation in oestrous and ovarian activity,,

Parameter Observation

Incidence of oestrus0 Teased for oestrus daily except for the
eleven days following the first day of
oestrus.

Incidence of ovulation and
ovulation rate.

Anoestrum: laparoscopy at intervals not
exceeding three weeks.
Breeding season: laparoscopies planned
to be conducted during the middle of
the oestrous cycle.
During the first three oestrous cycles.
During alternate oestrous cycles until it
is considered that the end of the
breeding season is imminent, (increase
in the incidence of failure to show
oestrus at the expected time).
During every oestrous cycle until the
end of the breeding season.

Mid-oestrous cycle peripheral
progesterone concentration.

Blood sample collected between 0700
and 1100 on the mornings of Days 7 and
11 of each oestrous cycle during which
a laparoscopy was to be conducted.

Assessment of nutritional
status.

At intervals of approximately two weeks:
Blood samples collected for
non-esterified fatty acid assay.
All ewes weighed.
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a ram was introduced to the daily challenge group twice a day, the second time

being between 1600 and 1700 hours, from the 23rd October, 1972 to the

17th November, 1972, Any animals found on heat at the morning teasing were

removed to the isolation group in the normal manner. Any animals found on heat

at the afternoon teasing were left in the daily challenge group and recorded as

being on heat on the subsequent day. During this period four animals were found

to be on heat at the afternoon teasing, two Scottish Blackface and two Finnish

Landrace, all four were still on heat at the morning teasing on the subsequent

day. Four Tasmanian Merinos and one Scottish Blackface did not show oestrus as

expected during this period. As there appeared to be no advantage to be

derived from this additional teasing, it was discontinued.

During this period of extra teasing 51 heats were first recorded at the

morning teasing compared to four at the afternoon. If there were no diurnal

rhythm in the onset of oestrus, it would be expected that 17 and 37 ewes would be

first detected in oestrus in the afternoon and morning respectively. It would,

therefore, appear that a ewe is more likely to commence oestrus during the night

than during the day. These results contradict those reported by Anderson (1972).

It was considered that the observation of oestrus in an animal reflected

physiological activity that was occurring during approximately the three days

before the onset of oestrus (Baird, Baker, McNatty and Neal, 1975) and lasting

until the corpus luteum regressed about three days before the subsequent oestrus.

Therefore, the incidence of oestrus was calculated by ascribing to each oestrus

identified a period covering three days (the follicular phase; Baird, Baker, McNatty
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and Neal, 1975) before the day of oestrus, the day of oestrus and the 12, 13 and

14 days (luteal phase) following the day of oestrus for the Scottish Blackface,

Finnish Landrace and Tasmanian Merino ewes respectively. The number of days

subsequent to the observation of oestrus ascribed to that oestrus being the modal

oestrous cycle duration for that breed minus four days (three days prior to, and

the day of onset of, oestrus) giving 12, 13 and 14 days for the Scottish Blackface,

Finnish Landrace and Tasmanian Merino respectively (see Figure 15). The actual

number of days before and after the day of onset of oestrus is only important when

there is no preceeding and succeeding oestrus respectively. When two

consecutive oestrous periods were observed in the same animal the periods

ascribed to each of the two oestrous periods were such that every day was

covered by one oestrus and no day covered by more than one oestrus. The

advantage of this method is that the proportion of the animals showing oestrus can

be calculated for each and every day and, therefore, it is possible to obtain an

accurate assessment of the incidence of oestrus.

Incidence of ovulation and ovulation rate The incidence of ovulation

and the ovulation rate were determined by direct observation of the ovaries using

a laparoscope. The principle of the laparoscope is that a small stab wound is

made through the body wall and kept open with a cannula, the organs of the body

cavity are observed using a telescope with a light source. This procedure was

expected to have advantages over conventional surgery, the main one being that

less damage would be done to the body wall and internal organs such that

recovery would be more rapid, with less adhesions. The two disadvantages are
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the lack of light and the small field of view. The latter was easily overcome by

the use of optical lenses. The lack of light could only be overcome at first by

mounting a small electric light bulb on the distal end of the telescope. The heat

from this light bulb did considerable damage to the internal organs (Hagan,

1949-50), although other workers appear to have had more success (Megale,

Fincher and McEntee, 1956; Lamond and Holmes, 1965 and Megale, 1967). The

application of fibre optics to provide illumination without local heating produced

a much safer instrument. The technique was first applied successfully to the ewe

by workers at the Laboratoire de Physiologie de la Reproduction, Tours, France

and has been described by Roberts (1968), Thimonier and Mauleon (1969),

Phil I ippo, Swapp, Robinson and Gill (1971) and Boyd and Ducker (1973).

Laparoscopy was performed on every ewe during the first three oestrous

cycles of the breeding season and during every alternate oestrous cycle during

the breeding season. When an oestrus was "missed" during the breeding cycle,

laparoscopy was performed on that animal about eight days after the estimated

time of ovulation. As so many of the Tasmanian Merinos' oestrus periods were

"missed" and cycles were of erratic durations, laparoscopics were performed

following every oestrus in this breed. When the incidence of "missed" oestrous

periods was such that it was considered that the breeding season for that breed

was in the process of ending, laparoscopies were conducted following every

oestrus in order that the best estimate of the ovulation rate for the last oestrous

cycle of the breeding season could be obtained. It was attempted to conduct each

laparoscopy about eight days after the preceeding oestrus and ovulation, this
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being the time when the corpora lutea are largest and easiest to identify (Restall,

1964), although it was found that corpora lutea could be identified with confidence

when the interval was two to fifteen days. The performance of laparoscopies near

the end of the oestrous cycle was avoided to obviate the possibility of depressing

the release of gonadotroph ins at this critical period with the anaesthetic.

During the non-breeding seasons, laparoscopies were performed at

intervals that did not exceed 21 days. Although the maximum interval would not

allow the observation of every ovulation, the probability that all corpora lutea

would be observed was increased by reducing the interval to about two weeks

when large follicles were observed. Also, the occurrence of ovulation could be

inferred from the observation of recent corpora albicans.

The ewes to be laparoscopied were brought inside the previous afternoon

and starved of food and water. Immediately prior to laparoscopy, the ewe was

weighed and the appropriate dose of general anaesthetic injected intravenously.

(The dose of anaesthetic was ideally sufficient to render the animal unconscious

for about 15 minutes, but not to inhibit the swallowing or respiratory reflexes.)

The abdomen was than clipped and scrubbed with a mixture of hot water and

Savlon to remove dirt and grease and wiped dry.

The animal was carried into the surgery and tied securely to the table.

The surface of the abdomen was sterilised by spraying it with a hibitane solution

(2 : 3 : 15 Hibitane (I.C.I.) : distilled water : industrial methylated spirit) and

dried with a sterile paper towel. Sterile paper drapes were held in place on

the abdomen with towel clips. The table was tilted slightly (about 10°), such
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that the surface of the abdomen was flat, in order that the Verres needle was less

likely to penetrate the rumen or other abdominal organs, The Verres needle was

inserted in a mid-ventral position about 15cm (all measurements vary with

the size of the ewe) anterior to the mammary glands. The hole was staggered by

penetrating the skin and then sliding the needle under the skin for about

5cm Before penetrating the body wall. Nitrous oxide gas (British Oxygen

Company) was allowed to flow through the Verres needle into the abdominal

cavity at the rate of about 5 litres/min (measured with an oxygen flow meter)

until the abdomen sounded hollow and was firm to pressure.

Two incisions were made in the skin either side of the mid-line about

15 cm anterior to the mammary glands and within 10cm of the mid-line.

The incision on the right was small, about 1 cm long, the incision on the left was

about 2 cm long. These incisions made the insertion of the trocars and cannulae

easier. The large trocar and cannula was inserted through the larger incision in

the skin.

The trocar was withdrawn and the telescope and light source combination

was inserted through the cannula. The small trocar and cannula were inserted

through the small (offside) skin incision, the trocar withdrawn and the manipulator

introduced through the small cannula.

While observing the abdominal contents, the table was progressively and

gradually tilted further, such that the animal's head was lowered. The omentum,

followed by the viscera, fell down exposing the uterus; from the uterus it was not

difficult to find the ovaries. If the table was tilted too far, the uterus fell down
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over the ovaries and it was difficult to see all the surfaces of both ovaries. If

the table was further tilted too far the bladder would fall over the uterus, in this

event it was necessary to tilt the table in the opposite direction (i.e. head up)

such that the bladder, uterus, viscera and omentum all fell back into place. This

tilting process was then repeated.

After all the surfaces of both ovaries had been observed, the numbers of

corpora lutea were recorded for each ovary and the number and size of follicles

in each ovary were subjectively assessed, a score of 0 (no follicles present), 1

(small follicles), 2 (large follicles), or 3 (very large, possibly pre-ovulatory,

follicles) assigned to each ovary. The table was then tilted horizontal and the

Verres needle, manipulator and small cannula and the telescope and light source

were withdrawn. The valve on the large cannula was held open until as much

gas as possible had been expelled from the abdomen,

The large cannula was withdrawn and some Optocal (Willington Medicals),

a bacteriostatic powder, was introduced into the skin incisions. The skin was

then closed over with Michel clips, one for each incision. (These clips were

removed about two weeks later, or prior to the subsequent laparoscopy.) The

layers of the body wall tended to slide such that the holes were discontinuous.

4 ml of Streptopen (Procaine penicillin G and dihydrostreptomycin, Glaxo

Laboratories Ltd.) was injected into a rear leg muscle.

The animal was untied and lifted to the floor and was observed until

recovery was certain, i.e. a certain degree of consciousness was regained,

usually about 15 to 30 minutes after induction of anaesthesia. The animal was
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then placed in the recovery pen with food and water until late afternoon when

all the ewes were returned to the appropriate paddocks„

In about one quarter of the laparoscopics, the Verres needle penetrated

the omentum with the result that the nitrous oxide flattened the omentum against

the body wall and obscured the ovaries; in this case as much gas as is possible

would be expelled. The telescope and light source combination was withdrawn

through the cannula until the distal end was just within the distal end of the

cannula. The cannula was then held in a near horizontal position and withdrawn

slowly while looking down the telescope in order that it may be seen when the

omentum fell off the end of the cannula. Nitrous oxide was introduced through

the cannula until the abdomen was re-inflated, the Verres needle being left in

place to facilitate exhaustion of as much gas as possible from below the omentum.

When it was ascertained that the telescope and light source were above the

omentum, the Verres needle was held vertically and moved in order that the

omentum fell away from it.

Five ewes developed adhesions in the abdominal cavity, this damage was

connected to the use of hibitane to sterilise the laparoscope. Possibly, inadequate

drying of the laparoscope after sterilisation resulted in a little of the hibitane

solution being introduced to the abdomen and causing the adhesions. Use of a

50 : 50 (v/v) diethyl ether : methanol mixture instead of the hibitane solution

resulted in no further adhesion formation, as this solution is more volatile. Apart

from the adhesions suffered by these five ewes, no adhesions or other internal

damage was found to occur. This contrasts very favourably with the technique of
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laparotomy. For example, Dermody, Foote and Huley (1970) subjected ewes to

up to seven laparotomies and found that the number of observations of the ovaries

possible toward the end of the experiment decreased due to adhesions resulting

from previous surgery.

A medium plane of general anaesthesia lasting about 15 minutes was
6 0 mg fm I}

required for this procedure. Nembutal (pentobarbitone sodium,^Abbott
Laboratories) was originally found to be satisfactory. The dose given was taken

from a chart of dose versus body weight which was derived from records of the

induction of anaesthesia in Finnish Landrace x Dorset Horn ewes prior to

intubation and laparotomy (dose (ml) = body weight (Kg) x 0.312 + 3.207).

Anaesthesia lasted about 15 minutes and recovery was complete within about

30-45 minutes of administration. However, plasma samples always showed

haemolysis due to the propylene glycol present in the Nembutal (20% v/v).

In order to reduce this haemolysis and reduce the duration of the anaesthesia, a

mixture of Nembutal and Intraval (thiopentone sodium, May & Baker Ltd.) was

used. The formulation is shown below, this was found to be satisfactory.

Recovery was more rapid - 10-30 minutes after administration.

Nembutal 60 mg/ml 24 ml
Intraval 50 mg/ml 50 ml
Sterile distilled water 26 ml

100 ml

This gives a total barbiturate content of 40 mg/ml. The ratio of Nembutal

to Intraval being 1 : 1.75.

Four ewes died and were autopsied during the oestrous cycle in which a
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laparoscopy had previously been conducted. The numbers of corpora lutea in

each ovary were counted and found to be the same as those found at Iaparoscopy.

Seven animals died during the experiment, two of which were considered

not to have been caused by the experiment (congestion and oedema of the lungs

and an adenocarcinoma of the small intesting). Five deaths were due to the

inhalation of rumen contents from the mouth into the lungs while anaesthetised.

This represents a mortality rate of 5 ewes per 1,056 laparoscopics (0.47%).

The seasonal variation in the incidence of ovulation was calculated by

the same method as used for the incidence of oestrus.

The calculation of the variation in ovulation rate was based upon the

calculation of the incidence of ovulation. In order to remove the effects of

individual ewe differences on the mean for any given period an ovulation rate was

ascribed to the cycles when no observation was made equal to the mean of the

ovulation rates of the preceeding and succeeding cycles for the Finnish Landrace

and the Scottish Blackface. This was not necessary for the Tasmanian Merinos,

because they had been examined during every oestrous cycle. This method of

manipulation of the data is justifiable only if the ovulation rate is repeatable

within ewes. This has been found to be the case by Dermody, Foote and Hulet

(1970).

Peripheral progesterone levels As assays for progesterone have many

clinical diagnostic uses, much effort has been aimed at developing assays suitable

for routine use. One of the most sensitive bioassays for progestogens is that

developed by Hooker and Forbes (1947), the response being hypertrophy of the
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stromal nuclei of the uterine endometrium of the mouse following intra-uferine

injection of the sample,, A sensitivity of 0,2 ng was claimed,, Loraine (1958)

disputed the method's specificity for progestogens and considered the precision

too low and the results too susceptible to oestrogen interference, One of the

original bioassays, reported by Corner and Allen (1929), measured the relaxing

effect of progesterone on the Guinea Pig's symphysis pubis, Allen (1930)

described a new bioassay which superceded the "Guinea Pig symphysis pubis

relaxation" method that used progesterone induced proliferation of the uterus of

the ovariectomised, adult, female, rabbit as the response. This was considered

unsuitable by Hooker and Forbes (1947) as, first, a lot of progesterone was

required; secondly, the response was difficult to assess and, thirdly, the

specificity was questionable, Loraine (1958) considered it too insensitive for

clinical use,

Bioassays of progesterone are complicated by the interference of other

steroid hormones, especially oestrogen, which can act synergistically or

antagonistically with progesterone. In consequence, bioassays were soon

replaced almost entirely with chemical or semi-chemical assay methods.

One of the first reliable chemical methods available, designed for

17-hydroxycorticosterone by Nelson and Samuels (1952), was based on a colour

reaction and ultra violet spectroscopy. This method consisted essentially of

ether-chloroform extraction, partitioning of the ether-chloroform soluble

material between 70% ethanol and hexane and column chromatography of the

ethanol-soluble fraction on a magnesium silicate-celite or florisil column.
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Quantitative determination of the 17-hydroxycorticosteroids depended on the

formation of phenlhydrazones in acid solution. The

17, 21-dihydroxy-20-ketosteroids showed a strong maximum absorption at 410 m /J

which was detected with a spectrophotometer. Methods based on this principle

can be expected to have an 80% recovery and to detect levels of 50 ng/ml

(Loraine, 1958). Other colour reactions used for the quantitative determination

of progesterone include fluorescence in alkali and the formation of hydrazones

(Butt, 1967).

Gas liquid chromatography has been widely used more recently in methods

of progesterone determination. One variation (Stabenfeldt, Ewing, Patton and

McDonald, 1969) was to extract the progesterone from plasma with dichloromethane

and ether, purify by thin-layer chromatography, convert to 20/3 -hydroxypregn-4-

en-3-one enzymatically, further thin-layer chromatographic purification after

acetylation to 20p -hydroxypregn-4-en-3-one chloroacetate, which was

quantified by a gas chromatograph equipped with an electron caplure detector.

Progesterone loss during extraction was monitored by adding tritiated progesterone

to the plasma. Losses during the gas-liquid chromatography were monitored by

adding testosterone chloroacetate as an internal standard. Recovery rates of

about 50% were obtained.

Another method was based on the application of the double isotope

procedure to the determination of progestins (Siiteri, Tippit, Yates and Porter,

1968), Pure samp 1 es and extracts from blood with trace quantities of carbon-14
3indicators added were incubated with alumina- h^O to form tritium labelled
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steroids by the exchange of enolic hydrogens for tritium. The tritiated progestins

were purified by thin-layer chromatography to a constant tritium-carbon-14

ratio. As the quantity of tritium incorporated is directly proportional to the

quantity of steroid, the concentration of progestin in the blood was quantified.

By this method, 20 ng of progesterone could be confidently distinguished.

Murphy (1964, 1967, 1969) developed assays of steroid hormones based on

the principle of competitive protein binding,, This method has been used as a

basis for measuring many steroids in humans, sheep, cows and rhesus monkeys

(Neill, Johansson and Knobil, 1967; Strott and Lipsett, 1968; Basset and Hinks,

1969; Johansson, 1969a, 1969b; Stabenfeldt, Holt and Ewing, 1969 and Moxam

and Nabarro, 1970). Progesterone was extracted from the sample twice with

ethyl acetate and the combined extracts purified by paper chromatography. The

sample was then added to a corticosteroid binding globulin and tritiated

progesterone. After thorough mixing all free progesterone was absorbed onto

florisil and a constant volume of the supernatent was pipetted off for

scintillation counting (Martin, Cooke and Black, 1970). The comparative

suitability of tritium and carbon-14 labelled steroids was investigated by Chen,

Mills and Bartter (1961), no difference between the isotopes was found. Paper

chromatographic separation of the progesterone appears to be preferable to

thin-layer chromatography (Martin, Cooke and Black, 1969). The competitive

protein binding method was technically more simple and more rapid than the

double isotope method, was far more sensitive and gave virtually identical

results (Hangerman and Williams, 1969). A bibliography of steroid hormone
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protein binding assays was compiled by Challis and Heap (1969).
The principle of radioimmunoassays was originally limited to large,

protein hormones (e.g. gonadotropins, insulin, somatotropic hormones)

because the smaller molecules of the (for example) steroid and prostaglandin

hormones are not able to elicit an immune response (Murphy, 1964 and Wide,

1967)„ However, antisera to these "small" hormones have been produced by

chemically binding the hormone molecules to large, antigenic, protein molecules

(e.g. Abraham, Swerdloff, Tulchinsky and Odeil, 1971). The application of the

radioimmunoassay principle to the measurement of levels of progesterone has

been successfully achieved by a number of workers (e.g. Abraham, Swerdloff,

Tulchinsky and Odell, 1971; Dobson, Hopkinson and Ward, 1972; Pant,

Hopkinson and Fitzpatrick, 1972 and Morgan and Cooke, 1972).

Competitive protein binding and radioimmunoassay methods have been

compared (Morgan and Cooke, 1972). A good correlation was found between

the results obtained by the two methods, the radioimmunoassay system was found

to be more sensitive and rapid.

Blood samples for progesterone assay were collected between the hours of

0700 and 1100 from animals on Days 7 and 11 of their oestrous cycle during

cycles when the ovulation rate was to be determined. A 10 ml blood sample was

collected from a jugular vein into a heparinised (Heparin (mucous) B.P., Weddel

Pharmaceuticals Ltd.) evacuated glass tube. The blood was centrifuged

(Measuring and Scientific Equipment Mistral 2L) at 2,800 r.p.m. for about 30

minutes at 4°C within 20 minutes of being collected. The plasma was pipetted to
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disposable plastic, stoppered tubes (Luckham Ltd.) and stored at -20°C until

assayed .

The method used for the radioimmunoassay of progesterone was based on

that described by Scaramuzzi, Corker, Young and Baird (1974)0

The plasma samples were thawed in an incubator set at 37°C and removed

as soon as they had thawed. An aliquot of the plasma was transferred (Eppendorf

Micro Pipette or Compupet, General Diagnostic Division, Warner-Lambert

Pharmaceutical Co.) to 10 ml extraction tubes that had ground glass stoppers

(Exelo). 20 jjI of a tritiated progesterone ( 0,2,6,7,- Hj progesterone,

Radiochemical Centre, Amersham) solution (2,200 cpm/20 ul ethanol) were added

(Compupet) to each extraction tube and three scintillation vials (M.R.C. Central

Stores) to allow the calculation of individual recoveries. Where the recoveries

were not calculated individually 20 jul of ethanol ("Aristar", B.D. H. Chemicals)

were added to each extraction tube. The extraction tubes were touched on a

vortex mixer (Whirlimixer, Fisons Scientific Apparatus) and left to stand for

about 30 minutes to allow the endogenous and tritiated progesterone to equilibrate.

2 ml of freshly distilled petroleum ether (B.P. 40-60°C, "Analar", B.D.H.

Chemicals) were added to each extraction tube with a 1 ml Eppendorf Micro

Pipette. The progesterone was extracted from the plasma into the petroleum ether

by mixing the contents using a Whirlimixer for 60 seconds for each tube. The tops

were then removed from the extraction tubes which were placed in racks in a

tray of alcohol to which lumps of solid carbon dioxide (Drikold, I.C.I.) were

carefully added. This procedure froze the aqueous phase and allowed the
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petroleum ether, containing about 98% of the progesterone, to be decanted to

75 x 9.5 mm glass test tubes (M.R.C. Central Stores),, The petroleum ether was

evaporated off in a fume cupboard under nitrogen (B.O.C.) with the tubes in a

water bath set at about 35°C0 When the petroleum ether had completely

evaporated, the progesterone was dissolved in phosphate gelatin buffer (sodium

azide 1 g/l; sodium chloride 9 g/l; di-sodium hydrogen phosphate anhydrous

8.6 g/l; sodium di-hydrogen phosphate 6.08 g/l and gelatin (300 bloom) 1 g/I),

the appropriate volume being added with a Compupet, by Whirlimixing the tubes

twice with 30 minutes between each Whirlimix. Aliquots of the solution were

taken for recovery counts and for assay (Compupet). The aliquots for assay

were transferred to a second set of 75 x 9.5 mm glass tubes. Aliquots of standard

solutions of progesterone (0.05 pg - 100 ng/ml, Steraloids) were also

transferred to glass tubes for assay in triplicate, these tubes providing the data
3for the standard curve. 100/jI of tritiated progesterone ( C 1^2,6,7,- H 3

progesterone, Radiochemical Centre, 12,000 cpm/lOOjjI buffer) were added

using a Repette (Jencon's) to each of the assay tubes which are then Whirlimixed.

100fjl of the antiserum solution (91920/9, 1/6000, Scaramuzzi, Corker, Young

and Baird, 1974) were added to all tubes, excluding the total counts and blanks,

with the Compupet. The tubes were then covered and incubated at 4°C for

about 3 hours or overnight. The free and bound steroid was separated by

absorbing the free steroid onto dextron-charcoal in phosphate gelatin buffer

(25 and 75 mg/100 ml respectively), which was added to all the assay tubes,

except the total counts; the tubes were then Whirlimixed and stood at 4°C for 15



60

minutes when they were centrifuged at 4°C at 2,600 r.p.m. (Mistral 6L,

Measuring and Scientific Equipment) for more than 15 minutes. After

centrifuging, the supernatent (protein bound) was tipped to scintillation vials

and 10 ml scintillation fluid (2.66 g/l PPO, 0.2 g/l POPOP, 666 ml/I toluene,

333 ml/1 Triton X-100) were added (Zipette, Jencon's) to each vial. The

extraction and assay methods are shown schematically in Figures 2 and 3

respectively.

All scintillation vials were "counted" in a Nuclear Enterprises Scintillation

Counter at the Animal Diseases Research Association, Moredun Institute,

Edinburgh. The counting efficiency was calculated using the channels ratio

method with a PDP 8/F computer (Digital Equipment Corporation), also at the

Animal Diseases Research Association. The results of the assay were computed

on an l.B.M. 1130 computer system using a modification, briefly described by

Carr and Land (1975), of the computer programme described by Rodbard and

Lewald (1970). A typical standard curve is shown in Figure 4.

The existence of "drift" within the assay was examined in a number of

assays by including zero standards at the end of the assay and comparing the

percentage bound with that of the zero standards at the beginning of the assay.

No evidence of drift was found.

The extraction efficiency was related to the quantity of plasma extracted

though the volume was always made up to 200 jjI with buffer. The mean

extraction efficiencies, as measured by adding radioactivity labelled progesterone

to the plasma and taking an aliquot of the buffer containing the progesterone for
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Figure 2. Schematic representation of the

method for the extraction of progesterone

(P^) prior to radioimmunoassay.
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Figure 3. Schematic representation of the

method for the radioimmunoassay of

progesterone (P^).
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Figure 4. Progesterone radioimmunoassay

standard curve.

Each point is the mean of three

determinations.
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counting, were 62,8, 65.91 and 72.3% for extractions of 200, 100 and 50 jul of

plasma respectively,, These three means are all significantly different from each

other (P < 0.001, Student's 't' test). In this experiment the extraction

efficiency was assessed individually for each sample.

Aliquots of pooled plasma from anoestrous ewes and from an ovariectomised

ewe (blank) were assayed in each progesterone assay. Aliquots of pools of plasma

with known amounts of progesterone added and buffer were also assayed. The

mean progesterone concentrations, each of 19 determinations, for blank, blank

plus i, 1, 2, 5 and 10 ng progesterone per ml of plasma were 0.438, 0.797,

1.322, 2.253, 4.980 and 9.942 ng/ml respectively (concentration = 0.95 x

estimate + 0.35; r = 0.99), (Figure 5). The mean concentration of progesterone

found in the buffer was 0.323 ng/ml.

Aliquots from two pools of plasma assayed in each assay gave mean values

(- S. E.) of 5.29 - 0.40 and 100.28 - 4.12 ng/ml, the numbers of determinations

were 13 and 12 respectively.

74 of the samples used had previously been assayed for progesterone with

a competitive protein binding method (Collett, Land and Baird, 1973) by

Dr. R. A. Collett, presently at the Royal (Dick) Veterinary College, Edinburgh.
IT-

The two sets of data were transformed to logarithms (see Figure ,23), compared

with a paired Student's 't' test and found not to be statistically different

('t' : 1.250, P > 0.20). Also, calculation of the correlation coefficient using

the transformed data indicated a strong relationship between the two sets of data

(r = 0.8978; n = 74; P < 0.001).
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Figure 5. Progesterone concentrations as determined

by radioimmunoassay in plasma from ovariectomised

and anoestrous ewes containing known quantities

of added plasma.

Each point is the mean of 19 duplicate

determinations.
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Assessment of nutritional status The nutritional status of the animals was

assessed using estimates of body weight and plasma non-esterified fatty acid levels„

At intervals of about two weeks, all the animals were weighed and a

blood sample taken, in the same manner as that described for the collection of

plasma samples for the assay of progesterone, for a non-esterified fatty acids

determination. In these instances, the maximum time between blood collection

and centrifugation was about 2 hours, the blood was therefore cooled in iced
■The. plasma was s-t°red art -10°C until assayed-

water until centrifuged during the summer months.^ Care was taken to avoid

stressing the animals unduly as this has been shown to elevate non-esterified fatty

acid levels (Patterson, 1963 and Saba, Burns, Cunningham, Hebert and

Patterson, 1966). The assay method used was based on that of Patterson (1963).

The plasma samples to be assayed were thawed by standing them at room

temperature in front of a fan. 2 ml of each plasma sample was pipetted

(Eppendorf Micro Pipette) to extraction tubes (30 ml pyrex tubes).

Extraction and assay standards were prepared in duplicate by pipetting

(Class 'B' 1 ml graduated pipette) 0.25, 0.5, 1.0 and 1.5 ml of a l.Omiiii

Molar heptane solution of palmitic acid to extraction tubes and assay flasks

(25 ml wide neck pyrex conical flasks). The solutions were evaporated to

dryness in a hot (60°C) water bath under nitrogen (British Oxygen Co.). 2 ml

of distilled water was pipetted to the extraction tubes containing the standards

and blanks (Eppendorf Micro Pipette).

10 ml of extraction mixture (iso propanol ; ri heptane : 1.0 N hydrochloric

acid; 40 : 10 : 1; v/v) were added to each extraction tube (unknowns and
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extraction standards) using an automatic tilting pipette (Galenkamp). Rubber

bungs were placed on each of the extraction tubes and their contents mised

using a vortex mixer (Whirlimixer, Fisons Scientific Apparatus) for 15 seconds.

The rubber bungs were removed and 4 ml double glass distilled water and 6 ml

n heptane added to each tube using automatic pipettes (Griffin & George).

The rubber bungs were replaced in the extraction tubes and their contents

again mixed using the Whirlimixer for 15 seconds. The rubber bungs were

removed and all the heptane layer transferred from the extraction tubes to assay

flasks using a new disposable Pasteur pipette for each sample. The heptane layer

was evaporated to dryness under nitrogen with the flasks standing on a hot plate.

The solutes in the unknown and extraction and assay standard flasks were

re-dissolved in 2.5 ml of warm ethanol : double glass distilled water (96 : 5 v/v)

and 0.5 ml of warm 0.02% ethanolic solution of Nile Blue,, added using 5.0

and 1.0 ml graduated Class *B* pipettes respectively. The flasks were warmed in

a hot (60°C) water bath for about 15 seconds, the contents were then titrated

against 0.01 N sodium hydroxide in double glass distilled water (Conway micro

burette). The extraction and assay methods are shown schematically in Figure 6.

All glassware and the rubber bungs were rinsed in hot water, soaked for

at least 30 minutes in a 0.4% solution of Haemo-sol (Meinecke & Co. Inc.),

rinsed once in hot water, twice in cold water, twice in distilled water and dried

in a hot air oven overnight. All reagents were of "Analar" or equivalent quality.

The gradient, Y intercept and correlation coefficient of the extraction

standard curve, assay standard curve and extraction versus assay (recovery)
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Figure 6„ Schematic representation of the

method for the extraction and assay of

non-esterified fatty acids in plasma.
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volumes of sodium hydroxide used were computed using a linear correlation

programme on an Olivetti Programma 101 desk top computers These data were

used to calculate the p equivalents of palmitic acid per litre of plasma (p equiv.

p.a./I) for each unknown from the volumes of sodium hydroxide required to

neutralise the solution, also using the Olivetti Programma 101 desk top computer.

The overall standard and recovery curves are shown in Figure 7. The

gradient, Y intercept and correlation coefficient were calculated using the means

of the volumes of sodium hydroxide for each of the volumes of palmitic acid

solution added. These lines compare well with data presented by other workers

(e.g. Patterson, 1963 and Saba, Burns, Cunningham, Hebert and Patterson, 1966).

The reproducibility of the method was monitored by including an aliquot of

a pool of plasma in each assay. Two pools of plasma were used, the means

(- S. E.; n) were 757.27 ^ 20.50 (17) and 385.04 - 9.34 (15) p equiv. p.a./litre.

The coefficients of variation were 11.16% and 9.43% respectively.

Results

Incidences of oestrus and ovulation The incidence of oestrus for each

of the three breeds for the duration of the experiment are shown in Figure 8. The

dates of onset and end of the breeding seasons and their durations are given in

Table 2.

The Scottish Blackface's breeding season was centred around the winter

solstice (21st December, Figure 8 and Table 2). The middle of the Tasmanian

Merino's breeding season was, however, a month earlier than that of the Scottish

Blackface due to their onset and, to a lesser extent, their end of the breeding
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Figure 7. Mean standard and recovery curves

for the non-esterified fatty acid assay0
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Figure 8. Seasonal variation in the incidence

of oestrus in Finnish Landrace, Tasmanian

Merino and Scottish Blackface sheep.



FINNISH LANDRACE

1972 : 1973



Breed

Agegroup

Mediandayof onsetof 1972/73 breedingseason
Mediandayof endof 1972/73 breedingseason

Duration
of1972/3 breeding

-Mediandayof onsetof 1973/74 breedingseason
Duration

of1973 anoestrum
Middleof 1972/73 breeding season

No.

Day No.

Date

No.

Day No,

Date

season (days)

No.

Day No.

Date

(days)

Day No,

Date

Finnish Landrace
Ewes Gimmers

10

5

283 276

9Oct 2Oct

7 6

141
91

21May (b)
1Apr (b)

10May

224 181

9

10

296 296

23Oct 23Oct

155 205

29

1

29Jan
1Jan

All

15

281

7Oct (a)

13

130

215

19

296

23Oct (a)

166

23

23Jan

Tasmanian Merino

Ewes Gimmers All

10

5

15

242 249 249

29Aug 5Sept 5Sept
10

5

10

49 37 45

18Feb 6Feb
14Feb

173 154 162

10

5

15

229 223 226

17Aug 11Aug 14Aug

180 186 181

329 326 330

24Nov 21Nov 25Nov

Scottish Blackface
Ewes Gimmers All

10

5

15

275 286 284

1Oct 12Oct 10Oct (c)

11

4

15

60 50 59

1Mar 19Mar 28Mar

151 130 141

11

4

15

293 294 294

20Oct 21Oct 21Oct (c)

233 244 235

351 351 355

16Dec 16Dec 20Dec

(a):meansarestatisticallydifferent(P<0.001) (b):meansarestatisticallydifferent(P<0.001) (c):meansarestatisticallydifferent(P<0.01)
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season being earlier. The Finnish Landrace began their breeding season at the

same time as did the Scottish Blackface (early October), but ceased oestrous

activity 2\ months later than the Scottish Blackface, the middle of their

breeding season being correspondingly later (January). Both the Scottish

Blackface and Finnish Landrace sheep began their breeding seasons earlier in

1972 than in 1973 (P < 0.001 and P < 0.01 respectively). There was no

difference between the dates of the onsets of the Tasmanian Merino sheep's

breeding seasons in 1972 and 1973.

There was no difference (Student's 't' test) between the ewes and

gimmers within tiny of the three breeds in the dates of onsets of either of the two

breeding seasons. The Finnish Landrace gimmers ended their breeding season

earlier than the Finnish Landrace ewes (P < 0.001), there was no difference

between the age groups of the other two breeds in the date of the last oestrus of

the breeding season. The variation in the incidences of oestrus is shown for the

Finnish Landrace ewes and gimmers in Figure 9.

Where an ovulation was not accompanied by concurrent oestrus, it could

not be accurately dated. Where the ovulation preceeded an oestrus in that

animal by about the duration of an oestrous cycle, the ovulation was assigned to

the day the modal oestrous cycle length before the first oestrus. Where an

ovulation occurred following an oestrus it was similarly assigned to the day the

modal oestrous cycle length following that oestrus. Where an ovulation occurred

before or after an ovulation without concurrent oestrus which had been dated as

the modal oestrous cycle length before or after an oestrus respectively, this
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Figure 9„ Seasonal variation in the incidence

of oestrus in Finnish Landrace ewes and

gimmers.
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ovulation was similarly assigned to the day the modal oestrous cycle length

before or after the ovulation without concurrent oestrus respectively. Where an

ovulation occurred between the two oestrous periods which were about twice the

length of an oestrous cycle apart, that ovulation was assigned to the middle day

between the two oestrous periods. However, where an ovulation occurred that

was unassociated with any oestrus at all, it was arbitrarily assigned to the day

eight days before the laparoscopy.

The variations in the incidences of ovulation for the three breeds are

shown in Figure 10, with the variations in the incidences of oestrus for

comparison. The dates of the first and last ovulation, etc. are given in Table 3.

The difference between the incidence of oestrus and the incidence of

ovulation gives the incidence of ovulation without oestrus. The incidences of

ovulation without oestrus for each of the three breeds and two age groups are

given in Table 4. As might be expected from Figure 10, the incidence of

ovulations without concurrent oestrus is highest in the Tasmanian Merinos and

lowest in the Finnish Landrace.

The nature of the first and last event of the breeding seasons (ovulation

and oestrus, ovulation without concurrent oestrus, oestrus without concurrent

ovulation) are shown in Table 5. The breeding season commenced with either

an ovulation without concurrent oestrus (91%) or an ovulation with oestrus (9%),

never with oestrus unassociated with ovulation. The proportion of the first

ovulations that were unaccompanied by oestrus was fairly consistent for each

breed, although the incidence of ovulation without oestrus was greater in gimmers
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Figure 10„ Seasonal variation in the incidences

of oestrus ( ) and ovulation ( ) in

Finnish Landrace, Tasmanian Merino and

Scottish Blackface sheep.
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TASMANIAN MERINO

1972 : 1973



Breed

Agegroup
Mediandayof

thefirst ovulationofthe 1972/73 breedingseason
Mediandayof

thelast ovulationofthe 1972/73 breedingseason
Durationof theperiod ofovulatory activity (days)

Mediandayof
thefirst ovulationofthe 1973/74 breedingseason

Durationof theperiod of anovulatory activity

No.

Day No.

Date

No.

Day No.

Date

No.

Day No0

Date

(days)

Finnish Landrace
Ewes Gimmers All

10

5

15

273 259 273

29Sept 15Sept 29Sept

6 6

12

137
91

116

17May 1Apr 26Apr

230 198 209

8

10 18

278 278 278

5Oct 5Oct 5Oct

141 187 162

Tasmanian Merino

Ewes Gimmers All

10

5

15

213 231 215

31July 18Aug 2Aug

10

5

15

61 38 57

2Mar 7Feb 26Feb

214 173 208

10

5

15

213 205 208

1Aug 24July 27July

152 167 151

Scottish Blackface
Ewes Gimmers All

10

5

15

260 267 262

16Sept 23Sept 18Sept
11

3

14

60 55 60

1Mar 24Feb
1Mar

166 154 164

11

3

14

277 278 278

4Oct 5Oct 5Oct

217 223 218
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Table 4. Incidencies of ovulation without concurrent oestrus in Finnish

Landrace, Tasmanian Merino and Scottish Blackface sheep.

Breed Age group

Proportion of all ovulations that were
unaccompanied by concurrent oestrus

Ovulations between the
first and last oestrus

periods of the 1972/73
breeding seasons

All ovulations in the 1972/73
breeding seasons (i.e. incl.
those before and after the first
and last oestrus respectively,
and excl. those unassociated
with the breeding seasons)

Finnish
Landrace

Ewes
Gimmers
All

0/70
0/57
0/127

0.0%
0.0%
0.0%

3/73
6/63
9/136

4.1%
9.5%
7.3%

Tasmanian
Merino

Ewes
Gimmers
All

24/104
9/34
33/138

23.1%
26.5%
23.9%

43/123
15/40
58/163

34.9%
37.5%
35.6%

Scottish
Blackface

Ewes
Gimmers
All

9/106
1/28
10/134

9.0%
3.6%
7.5%

20/117
4/31
24/148

17.1%
12.9%
16.2%

All
Ewes
Gimmers
All-

33/280
10/119
43/399

11.8%
8.4%

10.8%

66/313
25/134
91/447

21.1%
18.7%
20.4%
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Table 5. Nature of the events starting and ending the breeding seasons in

Finnish Landrace, Tasmanian Merino and Scottish Blackface sheep.

Breed Age group

First eve

breedin
nts of the
g seasons

Last events of the
breeding seasons

Oestrus
with

ovulation

Ovulation
only

Oestrus
with

ovulation

Ovulation

only
Oestrus

only

Finnish
Landrace

Gimmers
Ewes
All

0.0%
22.2%
12.5%

100.0%
77.8%
87.5%

33.3%
100.0%
77.8%

0.0%
0.0%
0.0%

66.7%
0.0%

22.2%

Tasmanian
Merino

Gimmers
Ewes
All

11.1%
6.3%
8.0%

88 o 9%
93.7%
92.0%

80.0%
44.4%
57.2%

20.0%
55.6%
42.8%

0.0%
0.0%
0.0%

Scottish
Blackface

Gimmers
Ewes
All

0.0%
9.5%
6.9%

100.0%
90.5%
93.1%

50.0%
62.5%
60.0%

0.0%
25.0%
20.0%

50.0%
12.5%
20.0%

All
Gimmer;
Ewes
All

3.2%
12.7%
9.3%

96.8%
87.3%
90.7%

60.0%
65.2%
63.6%

10.0%
30.4%
24.2%

30.0%
4.4%

12.1%
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(97%) than in ewes (87%) . The breeding season ended with either an ovulation

with oestrus and subsequent luteal regression at the expected time, ovulation

without oestrus and subsequent luteal regression at the expected time or oestrus

but with no corpus luteum found at subsequent laparoscopy, this being presumed

to be due to the absence of ovulation. These events occurred in 64%, 24% and

12% of the instances respectively. The estimates of the incidence for the age

groups and the breeds are more variable than those estimates pertaining to the

onset of the breeding season, possibly due to the smaller number of observations

as only one breeding season, compared to two, is represented.

Ovulation rate The seasonal variations in the ovulation rates are

shown in Figure 11 for each breed. The marked decrease in the mean ovulation

rate of the Finnish Landrace after Day 204 was due to the cessation of the

ovarian activity of the Finnish Landrace gimmers. The peaks in the mean

ovulation rate occurred about the middle of November for the Finnish Landrace,

about the middle of December for the Scottish Blackface and from November to

January for the Tasmanian Merino. The curves for the Scottish Blackface and

Tasmanian Merino are approximately symmetrical about their mid-points while

that for the Finnish Landrace increases rapidly to a peak and then declines

gradually until ovarian activity ceased.

The mean ovulation rate for each breed and age group for ovulations

with and without concurrent oestrus are presented in Table 6. These data are

derived from observations on all ewes throughout the experiment. The mean

ovulation rate for the Tasmanian Merinos was very low (1.08), there being only
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Figure 11. Seasonal variation in the mean number

of corpora lutea (intrapolated) per ewe

observed in Finnish Landrace ( ), Tasmanian

Merino and Scottish Blackface ( )

sheep.
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Table 6. Mean ovulation rates in Finnish Landrace, Tasmanian Merino and

Scottish Blackface ewes and gimmers at ovulations with and without

concurrent oestrus.

Breed Age group

Mean ovulation rates

Ovulations
with

concurrent

oestrus

Ovulations
without

concurrent

oestrus

All
Ovulations

Finnish
Landrace

Ewes
Gimmers
All

3.37
2.53
3.06

2.94
2.60
2.75

- 3.30
2.55
2.99

Tasmanian
Merino

Ewes
Gimmers
All

1.09
1.00
1.07

1.13
1.00
1.09

1.11
1.00
1.08

Scottish
Blackface

Ewes
Gimeiers
All

1.36
1.15
1.31

1.31
1.09
1.26

1.35
1.13
1.30
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15 multiple (twin) ovulations out of the 205 observed. The Scottish Blackfaces'

mean ovulation rate was higher (1,3), there being 44 multiple (one triple, 43

twin) ovulations out of the 193 observed. There were very few ovulations that

were not multiple in the Finnish Landrace animals, the overall mean ovulation

rate (2,99) was more than twice that of the Scottish Blackface. Excluding the

Tasmanian Merino ewes, which had very few multiple ovulations, the

ovulation rate was a little lower when concurrent oestrus did not occur

(Table 6),

During the experiment, 873 corpora lutea were observed, 412 (47,2%)

of these were in the left ovary and 461 (52,8%) were in the right ovary. This
2

difference (49) is not significant (x = 2.75, P > 0.05).

Follicle score The variations in the mean follicle score for each

breed are shown in Figure 12, together with the duration (median onset to

median end) of the ovulatory activity of the three breeds. Ten day intervals

were chosen as the shortest consistent with a reasonable number of

observations occurring in each period. It is apparent that the follicle score is

higher during the anovulatory period, the minimal follicle score for all three

breeds occurred in November 1972, the month of maximal ovulation rate in the

Finnish Landrace sheep (Figure 11). The mean follicular scores for the

ovulatory periods and the non-ovulatory periods (corresponding approximately

to the breeding season and anoestrum respectively) for each breed and the means

for the whole period for each breed are shown in Table 7. The mean follicle

scores for the anovulatory periods are greater than that for the respective



84

Figure 12. Seasonal variation in the mean

follicle score in Finnish Landrace,

Tasmanian Merino and Scottish Blackface

sheep and their respective periods of

ovulatory activity.
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Table 7. Mean follicle scores during the ovulatory and anovulatory periods

in Finnish Landrace, Tasmanian Merino and Scottish Blackface sheep.

Breed Period Mean follicle score
tS.E.

No. of observations

Finnish Landrace Ovulatory
No ovulations
All

3.286*0->2O
3.69BtD-ojit
3.5294 0067

133
195
328

Tasmanian Merino Ovulatory
No ovulations
All

3.353+0-09/
4.338+ 0-0*2
3.757* 0-065

193
136
329

Scottish Blackface

—

Ovulatory
No ovulations
All

3.39310-090
3.859*0-066
3.665*0-060

140
192
332
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ovulatory periods,, There is little difference between the breeds in the overall

mean follicle scores,, The mean follicular scores for each day of the oestrous

cycle are shown in Figure 13, little variation occurred during the oestrous cycle

in the follicle score.

Qestrous cycle duration The mean duration of the oestrous cycle

varied erratically between 17 and 22 days in the Tasmanian Merinos, fluctuated

between 16 and 17 days in the Scottish Blackface, but increased comparatively

steadily from 16 to 18 days as the breeding season progressed in the Finnish

Landrace (Figure 14). The peak in the mean oestrous cycle duration in the

Tasmanian Merino ewes in October corresponds with a low level (33%) of cyclic

activity (Figure 10) when only 5 of the 15 Tasmanian Merino sheep were showing

oestrous cycles. Consequently, a few long cycles had a disproportionate effect

on the mean oestrous cycle duration and therefore this peak is, to some extent,

due to a small number of observations. Both the Finnish Landrace and the

Scottish Blackface showed an increase in the mean oestrous cycle duration

toward the end of the breeding season, that in the Finnish Landrace being the

result of a steady and consistent increase throughout the breeding season.

Histograms of the frequency distributions of the oestrous cycle durations

are given in Figure 15 for the three breeds. The range of oestrous cycle

durations was greatest within the Tasmanian Merino sheep, the least variation

occurring in the Scottish Blackface sheep. The modal durations were 17, 18 and

17 days for the Finnish Landrace, Tasmanian Merino and Scottish Blackface

breeds respectively.
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Figure 136 Variation in the mean follicle

score during the oestrous cycle in

Finnish Landrace, Tasmanian Merino

and Scottish Blackface sheep.

Means based on five, or fewer,

observations have been excluded.
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Figure 14„ Seasonal variation in the duration

of the oestrous cycle in Finnish Landrace,

Tasmanian Merino and Scottish Blackface

sheep.
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Figure 15. Frequency distribution of the oestrous

cycle durations in Finnish Landrace,

Tasmanian Merino and Scottish Blackface

sheep.
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Peripheral progesterone concentrations The progesterone concentrations

in the peripheral plasma samples collected on Days 7 and 11 of each oestrous

cycle during which a laparoscopy had been performed are shown in Figure 16. It

is apparent that a disproportionately large proportion of the concentrations

found to be in excess of 5 ng/ml in the 1972/73 breeding season occurred in the

month of November 1972 in the Finnish Landrace (24 of 50) and the Tasmanian

Merino (15 of 23) and Scottish Blackface (7 of 26) ewes. Also, it is apparent

that the mean progesterone concentration is probably higher in the Finnish

Landrace ewes than in the Tasmanian Merino or Scottish Blackface ewes.

The data were analysed by fitting constants using general least squares

techniques. As the progesterone concentration varied normally when the

logarithm of the concentration was used (Figure 17), the data were first

transformed by taking the logarithms.

The seasonality of the variation in the progesterone concentration was

investigated by grouping the data in 20 periods, each of 16 days duration,

(approximately one oestrous cycle duration), and constants for each of the periods

were estimated; these constants are shown in Figure 18 for each breed and for

all the animals. There is marked variation during the year with a considerable

peak occurring in all three breeds in November. No evidence of an interaction

between the periods and the breeds was found. Thus, in spite of the different

locations of their breeding seasons, the three breeds showed similar changes in
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Figure 16„ Mid-oestrous cycle peripheral

progesterone concentrations throughout the

year in Finnish Landrace, Scottish Blackface

and Tasmanian Merino sheep.

Samples collected on Day 7 (1) and Day 11

(-) of the oestrous cycle.
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Figure 17„ Frequency distributions of the

progesterone concentration in peripheral

plasma samples collected on Days 7 and 11

of the oestrous cycle from Finnish Landrace,

Tasmanian Merino and Scottish Blackface

sheep observed for an entire breeding

season: Normal and Logarithmic scales.
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Figure 18„ Seasonal variation in the Day 7

( ■) and Day 1 i ( ) peripheral

progesterone concentration constant

estimates during the Finnish Landrace,

Tasmanian Merino and Scottish

Blackface and overall breeding seasons.
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their progesterone concentration during the year.

No evidence was found that the age of the ewe affected the mean

progesterone concentrations,, However, the breed of ewe did have a significant

effect ('F1 test on 2 and 43 d.f. gave 4.59 and 4„90 for Days 7 and 11

respectively; P < 0.05), the mean progesterone concentrations for each day of

bleeding and breed are given in Table 80 The mean progesterone concentration

was higher, for both Day 7 and Day 11, in the Scottish Blackface ewes than in

the Tasmanian Merino ewes; the Finnish Landrace ewes having a considerably

higher progesterone concentration than both of the other two breeds. There were

also significant differences between the individuals with in the breeds ('F1 test on

43 and 278 d.f. gave 1.84 and 3.03 for Days 7 and 11 respectively; P < 0.05

and P < 0.001 for Days 7 and 11 respectively). The progesterone concentrations

in the samples collected on Days 7 and 11 of the oestrous cycle were compared

using the original scale and after transformation to logarithms^ In both cases,

the difference is significant (P < 0.05 and P < 0.001 respectively), the

relationship sample on Day 11 having the greater concentration (Table 8). The

relationship between the two concentrations can be expressed as:-

Day 11 conc. = Day 7 conc. x 1.184

or Day 11 cone. = Day 7 conc. +0.435

depending respectively on whether the original or the log. scale is used. There

was no evidence that the difference between the concentrations obtained on Day

7 or Day 11 changed during the breeding season. The data from the beginning of

the 1973/74 breeding season were compared with the comparable data from the

^ after aeljus-ti'ng for -the effects of period, numberJ number of corpora

lu-feaj individual and breed using leas-6 S'guares -techniques.
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Table 8. Mean peripheral progesterone concentrations in plasma samples,

collected on Days 7 and 11 of the oestrous cycle from Finnish

Landrace, Tasmanian Merino and Scottish Blackface sheep.

Breed
Progesterone concentration (mean - s.d. ng/ml)

Day 7 Day 11

Finnish Landrace

Tasmanian Merino

Scottish Blackface

All

2.824 i 1.824

2.157^ 2.170

2.247 - 1.793

2.412 - 1.936

3.373 - 1.849

2.426 - 1.761

2.746"- 1.891

2.841 t 1.832



start of the 1972/73 breeding season and found not to be different.

The effect of the number of corpora lutea on the progesterone concentration

was found to be significant ('F* test on 7 and 257 d„f. gave 2091 and 3.01 for

Days 7 and 11 respectively; P < 0o01). However, examination of the fitted

constants (Figure 19) suggests that the principle differences are between the

concentrations when no corpora lutea were present and those concentrations when

one or more corpora lutea were present0 The overall progesterone concentrations,

in ng/ml with 0, 1,2, 3, 4, 5, 6 and 7 corpora lutea were 0„665, 2.31, 2.62,

2.52, 3.00, 3.04, 3.18 and 4.24 respectively on Day 7 and 0.824, 2.68, 2.99,

2.77, 3.50, 4.42, 3.64 and 4.14 respectively on Day 11. Differences in the

progesterone concentration were small when the number of corpora lutea varied.

There is no evidence to suggest that the influence of the number of corpora lutea

varied with the breed.

Nutritional status The mean body weight for each age group within

each breed are shown for each day of weighing in Figure 20. There is no apparent

seasonal variation in the mean body weights in these sheep. All the groups

gained weight during this experiment, the groups of gimmers gaining more than the

groups of mature ewes. 'S1 indicates the occasions when the sheep had their

fleeces shorn and, therefore, decreased in body weight.

The mean non-esterified fatty acid level for each age group within each

breed are shown for each day of sampling in Figure 21. It is apparent that the

mean fluctuates widely between samples, especially towards the end of the

experiment when all age groups and breeds show an increased mean level.

However, there is no apparent seasonal variation in the mean levels which would



97

Figure 190 Variation in the Day 7 ( ) and Day 11

( ) peripheral progesterone concentration

constant estimates with the number of corpora

lutea for the Finnish Landrace, Scottish

Blackface and Tasmanian Merino breeds and

overall.
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Figure 20« Seasonal variation in the mean body

weight of Finnish Landrace, Tasmanian Merino

and Scottish Blackface ewes ( , and

respectively) and gimmers ( ,

and respectively) o
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Figure 21. Seasonal variation in the mean plasma

non-esterified fatty acid concentrations in

Finnish Landrace, Tasmanian Merino and

Scottish Blackface ewes ( •) and gimmers

( ).
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indicate a seasonal variation in the nutritional status of the ewes. The progressive

increase in the mean could be due to a variation in the sensitivity of the assay

method as the samples were assayed in the order in which they were collected,,

However, plotting out the individual values obtained in each assay for the two

control samples does not produce comparable variations (Figure 22), indicating

that the progressive increase in the mean non-esterified fatty acid levels in not

due to a progressive change in the assay method's sensitivity,,

Owing to the large variation between the days of sampling, the short

term changes in the plasma level of non-esterified fatty acids was investigated by

taking a plasma sample for assay on every second day between two routine

collections from three ewes (Figure 23). The level obtained for each of these

additional samplings was quite low, below 300 /j equivalents of palmitic acid per

litre of plasma (jj equiv. p0a./l)o This could be taken to indicate that the

higher levels are only obtained at routine samplings when all the ewes are rounded

up with sheepdogs and moved from their paddocks to pens nearer the buildings.

The variation between sampling days could be due to variation in the treatment of

the ewes when they were moved for bleeding and weighing; for example, a

different number of sheepdogs used, a different interval between being moved and

being bled. The increase in the mean levels towards the end of the experiment

could be due to the use of different sheepdogs, an increase in the reactivity of

the ewes to disturbance etc., or to a decrease in nutritional status, possibly due

to increased stocking at this time. However, the latter explanation is not

supported by the body weight data (Figure 30) which show an increase at this time.
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Figure 22. Variation between assays in the

estimates of the non-esterified fatty acid

concentration in two pools of control

plasma.

Ovariectomised ewe plasma (——) and

pooled plasma from anoestrous, intact

ewes ( ).
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Figure 23„ Short term changes in the non-esterified

fatty acid concentration in three sheep;

(1T284: , 8L1187: and D393: ).
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The means for each of the age groups within each breed and the overall

means for the breeds and age groups are given in Table 9. The mean for all the

Finnish Landrace animals is lower than both of the means for all the Scottish

Blackface and Tasmanian Merino animals (Student's 't' test, P < 0.001).

Within each breed the mean for the gimmers is lower than the mean for the ewes

(T.M. and S. B.: P < 0.05o F. L.: P < 0.001).

The frequency distribution of the plasma levels of non-esterified fatty

acids for all the animals is presented as a histogram in Figure 24. As the

distribution is obviously not "normal", most of the levels being at the lower end

of the scale, the data was converted to logarithms and plotted similarly in

Figure 24. This distribution is now skewed, to a lesser extent, toward the upper

end of the scale.

Meteorological data These data were collected by Messrs. O. Ravey

and R. S. Williamson at the Agricultural Research Council, Poultry Research

Centre Field Laboratory, Roslin, Midlothian, about one quarter of a mile from

the paddocks where the sheep were kept. The mean temperature (24 hour maximums

and minimums and the temperature at 0900 hours), rainfall, hours of sunshine and

wind run for 10 day periods are shown in Figure 25. A marked seasonal variation

in the temperature is apparent, there being a lesser seasonal variation in the hours

of sunshine and the wind run.

Discussion

Incidence of oestrus and ovulation The middle of the breeding seasons

occurred in late January, late November and late December in the Finnish
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Table 9. Mean plasma non-esterified fatty acid concentrations in Finnish

Landrace, Tasmanian Merino and Scottish Blackface ewes and gimmers.

Breed Age group

Mean /j
equiv.
p.a./litre

No.
of
values

— —

Standard
error

Coefficient
of
variance

Finnish Landrace Ewes
Gimmers
All

306.6
253.1
281.9

271
233
504

10.00
10.19
7.24

53.7%
61.5%
57.6%

Tasmanian Merinos Ewes
Gimmers
All

433.5
379.5
416.6

287
130
417

15.55
21.00
12.60

60.7%
63.1%
61.9%

Scottish Blackface Ewes
Gimsiers
All

429.8
366.6
411.5

355
145
500

14.81
19.81
12.04

64.8%
65.2%
65.6%

All Breeds Ewes
Gimmers
All

394.4
317.8
367.0

913
508

1421

8.33
9.46
7.38

63.7%
67.0%
65.7%
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Figure 24„ Frequency distributions of the plasma

concentrations of non-esterified fatty acids:

Normal and Logarithmic scales,,



> p equiv. p.a. / 1

Log. p equiv. p.a. / I

NON-ESTERIFIED FATTY ACID CONCENTRATION RANGE



106

Figure 25« Seasonal variation in the maximum

( ), minimum (- ) and 0900 temperature

( )/ wind run ( ■), sunshine ( ) and

rainfall ( )„
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Landrace, Tasmanian Merino and Scottish Blackface ewes respectively. These

observations indicate that the winter solstice has no special significance in

relation to the breeding season of the sheep. Hafez (1952b) had found that six

out of seven British breeds studied had breeding seasons centred around the

winter solstice and had concluded that the winter solstice was significant in the

timing of the breeding season.

The variation in the incidence of oestrus (Figure 8) is similar to that

described by Land, Pelletier, Thimonier and Mauleon (1973) in that each breed

has a discreet breeding season and anoestrum. The considerable oestrous activity

during the "anoestrum" described by Thimonier and Mauleon (1969) was not found

in these breeds in this environment.

The only description of the Merino's breeding season in this country is

that reported by Tempest and Boaz (1973). Re-plotting the present results

according to their method produces a comparable variation (Figure 26). The main

difference is the higher incidence of oestrus observed by Tempest and Boaz (1973).

This difference could be due to the different environments, but is more probably

due to the fact that 61% of their ewes genetically were each up to 25% North

Country Cheviot. This would be expected to tend to increase the incidence of

oestrus.

The breeding season of the Scottish Blackface has not been fully

described before. However, the breeding season of the Cheviot, a breed similar

in habitat, has been described by Fraser and Lain^(1967), also in Midlothian.

The onset and cessation of the breeding seasons of both the Scottish Blackface and
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Figure 26„ Seasonal variation in the incidence of

oestrus in Tasmanian Merino sheep in

Midlothian (present data) and Yorkshire

(Tempest and Boaz, 1973) „
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Cheviot sheep in these two studies are very similar,. Also, the breeding season of

the Greyface (Border Leicester male x Scottish Blackface female) has been

described (Ducker and Boyd, 1974) and is very similar to that of the Scottish

Blackface described here0 The mean dates of onset and cessation of oestrus for the

Greyface sheep were 24th September and 19th February respectively, compared to

median dates of onset and cessation of the breeding season in Scottish Blackface

sheep of 10th October (16 days later) and 28th February (9 days later) „

The Finnish Landrace and Scottish Blackface breeding seasons both began

later (Table 2, Figure 8), and were more rapid in their onsets (Figure 8), in the

autumn of 1973 than in 1972. As the day length : night length ratio is constant for

each day of the year between years, this factor, the seasonal variation of which

has been shown to be important in the regulation of seasonal reproductive activity

in the ewe (Yeates, 1947 and 1949; Hart, 1950 and Hafez, 1951a), does not

vary between years and therefore could not cause a year-to-year variation in the

onset of the breeding season. Nutrition and association with rams have both been

shown to affect the onset of the breeding season (Roux, 1936 and Barrett, Reardon

and Lambourne, 1962). However, efforts were made to maintain both of these

variables constant. Temperature has also been shown to affect the seasonal onset

of reproductive activity (Dutt and Bush, 1955 and Dutt, 1960). Lees (1971) found

that the mean dates of the first oestrus of the breeding season varied over a period

of three weeks in a flock of Clun ewes in North Wales when observed during four

years. Lees examined local meteorological data and found that the only factor to

have a significant correlation (r = 0.9945, P < 0.01) with the mean day of first
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service was the mean temperature over the period 16th July to the 5th August,

the higher the mean temperature the later the mean day of first oestrus. Lees

used this relationship to predict (within 0„93 days) the mean day of onset of the

subsequent breeding season from the mean temperature during the "critical period"

(16th July to 5th August). The means of the temperatures taken each day at 0900

hours during this 21 day period were 14„9°C and 1403°C for 1972 and 1973

respectively. These two means are not statistically different and the small

difference that is present (0.6°C) is in the wrong direction according to Lees'

findings. The mean temperatures for 10 day periods) for the days preceeding and

during the onsets of the Scottish Blackface and Finnish Landrace breeding seasons

for both years are shown with the durations of the onsets of the breeding seasons

in Figure 27. There is little apparent difference between the mean temperatures

or the patterns of their variations for the two years. The transient, rapid decrease

in the mean temperature to less than 5.0°C in early October 1973 might have

caused the shorter durations in the onsets of the breeding seasons in that year by

inducing those ewes about to show oestrus to do so earlier. The cause of these

differences in the dates of onset of these breeding seasons between the two years

cannot be confidently identified from the present data.

The variation in the incidence of ovulation for each breed (Figure 10)

closely followed the incidence of oestrus. Only the Tasmanian Merino sheep

showed any ovarian activity during anoestrum, and that was at a low level

(about 10%). This is unlike the comparatively high levels of ovarian activity

observed by Thimonier and Mauleon (1969) and Land, Pelletier and Thimonier and
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Figure 27. Variation in the morning (0900)

temperature preceeding and during the onsets

of the 1972/73 ( -) and 1973/74 ( )

Finnish Landrace and Scottish Blackface

breeding seasons and the durations of the

onsets of the 1972/73 and 1973/74 Finnish

Landrace (F. L.) and Scottish Blackface (S.B.)

breeding seasons.
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Mauleon (1973) in mid-anoestrum.

During the breeding season the incidence of ovulation without concurrent

oestrus (Table 4) was about that expected for the Scottish Blackface, 7.5%; this

being a similar level to that found in the Cheviot in Midlothian (Fraser and Laing,

1967) and in British breeds in England (Hafez, 1952b). The proportion of

ovulations unaccompanied by oestrus during the breeding season was unexpectedly

low (0.0%) in the Finnish Landrace ewes and gimmers and rather high (23.9%) in

the Tasmanian Merino sheep.

A decreasing level of progesterone has often been considered to be

important, or even necessary, for the display of oestrus (Robinson, 1954 and 1959

and Radford, Wheatley and Wallace, 1969), this concept has been used to

explain observations of the frequent occurrence of ovulation without oestrus

before the first oestrus of the breeding season (Short, 1972). However, it has been

demonstrated that a ewe's breeding season does not invariably commence with an

ovulation without oestrus (McKenzie and Terrill, 1937 and Ducker and Boyd,

1974). The present observations (Table 5) support this view as 9% (8/86) of the

first ovulations were accompanied by an oestrus.

The breeding season ended with one of three alternative events (Table 5);

oestrus with ovulation with the corpus luteum regressing at about the normal time

(64%); ovulation only with the corpus luteum regressing at the normal time (24%);

or oestrus with no evidence of corpora lutea at the subsequent laparoscopy (12%).

Three of the four ewes in which no corpora lutea were observed following

their last oestrus of the breeding had peripheral progesterone concentrations 7
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and 11 days after that oestrus that were below 0.5 ng/ml and could not be

distinguished from the concentration assayed to be in plasma from anoestrous and

ovariectomised ewes (0.44 ^ 0.09 ng/ml). These observations support the

observations that at laparoscopy these ewes did not possess functional corpora

lutea. The fourth ewe had progesterone concentrations of 1.111 and 0.733 ng/ml

on Days 7 and 11 of the oestrous cycle respectively.

The proportion of the first and last events of the breeding season that were

accompanied by oestrus and/or ovulation varied between the breeds (Table 5)0 No

Tasmanian Merino sheep were observed displaying oestrus without concurrent

ovulation, while the incidence of ovulation without concurrent oestrus was quite

high (4208%) at the end of the breeding season, compared to the Finnish Landrace

(0o0%) and the Scottish Blackface (20.0%). The frequencies of occurrence of the

various classes of event at the beginning and end of the breeding season were

similar in the Finnish Landrace and Scottish Blackface ewes. However, during

the breeding season (Table 4) 7.5% of the ovulations in Scottish Blackface sheep

were unaccompanied by oestrus whereas in the Finnish Landrace sheep studied

that proportion was zero. These observations suggest that in response to oestrogen

the Tasmanian Merino is more likely to ovulate than show oestrus. The Scottish

Blackface is also more likely to ovulate during the breedi ng season, but the

difference in sensitivity is less. At the end of the breeding season the sensitivity

of the Scottish Blackface to oestrogen changes such that the likelihood of the

stimulation of oestrus, but not ovulation, increases. The Finnish Landrace was

invariably stimulated to ovulate and show oestrus by oestrogen during the breeding
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season, suggesting very similar thresholds to oestrogen. The thresholds were

different at the beginning and end of the breeding seasons, ovulation being mere probable

at the beginning, end oestrus more probable at the endj of the breeding seasons.

Ovulation rate Scottish Blackface ewes have been reported to produce

1.75 to 2.11 lambs, depending on the year (Weiner, 1967) and 1.61 (Donald,

Read and Russell, 1968) lambs per ewe lambing and 0.81 to 1.51 Iambs per ewe

mated depending upon the management system (Weiner, 1973). These figures are

high compared with the mean ovulation rate for Scottish Blackface ewes

reported here (1.35, Table 6)„ The lambing data would be expected to be lower

than the value for the ovulation rate due to the reduction caused by embryonic

death. Tasmanian Merino ewes have been reported to have 1.0 (Land, Russell and

Donald, 1974) and 1.0 to 1.27 (Tempest and Boaz, 1973) lambs per ewe lambing

and an ovulation rate of 1.06 (Land, Russell and Donald, 1974). These values

are very close to the ovulation rate of the Tasmanian Merino ewes of 1.11

reported here (Table 6). The estimate of the Finnish Landrace's ovulation rate

(2.96; Land, Russell and Donald, 1974 and 3.31; Bradford, Quirke and Hart,

1971) and the estimates of their lambing rate (2.9; Land, Russell and Donald,

1974 and 2.0 - 3.4 depending on age; Donald and Read, 1967) concur with the

ovulation rate in Finnish Landrace ewes reported here (3.30, Table 6), All these

reports agree with the present data and suggest that the estimates of the

ovulation rates reported here are accurate.

The ovulation rate was lower when the ovulation was not accompanied

by oestrus (Table 6). The exception is the Tasmanian Merino breed, but as in this
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instance only 15 multiple (twin) ovulations were observed out of a total of 205,

these figures are not reliable. The reason for the association between the higher

ovulation rate and the increased likelihood of oestrus is presumably that with a

greater number of ovulations there must have been a greater number of follicles

maturing with a consequential increased secretion of oestrogen, thus there would

be a greater possibility that the circulating oestrogen level would be sufficient,

in quantity and duration, to stimulate the display of oestrus.

There was considerable seasonal variation in the ovulation rate of the

Finnish Landrace sheep (Figure 11), the Scottish Blackface and Tasmanian

Merino sheep showing a lesser degree of variation.

The variation between the two ovaries of the ewe in ovulatory activity

has been commented on by several workers, their findings being summarised in

Table 10. McKenzie and Terrill (1937), Henning (1939) and Casida, Woody and

Pope (1966) found that the left ovary contained significantly fewer corpora lutea

than the right ovary. Although the data yielded by the present investigation do

not show a significant difference between the proportions of the total number of

corpora lutea on each ovary and the difference between the ovaries was less,

the difference found was in the same direction as that found by others, i.e. more

corpora lutea in the right ovary than in the left ovary.

Follicle score The follicle score (Figure 12) shows a definite seasonal

variation within each breed. A minimum occurred in the follicle score for each

of the three breeds in late October/early November, this minimum was

independent of the commencement of the breeding season. The follicle score was



Leftovary
Rightovary
Total

Reference

Source

No.
of c.l.

%of Total

No.
of C.lo

%of Total

no. of Col.

*V>

Probability

McKenzieand Terrill,1937

Laparotomy
179

43.7

230

56.3

409

6.162

P

<0.05

Henning,1939

Abattoir

292

41.4

413

58.6

705

37.68

P

<0.001

Hunter,1959

Non-pregnant: onec.loperewe all Pregnant: onec.l.perewe all All

Abattoir ii ii II ii

800 1125 279 350 1475

47.8 48.9 38.9 39.8 46.3

872 1175 439 530 1705

52.2 51.1 61.1 60.2 53.7

1672 2300 718 880 3180

3.100 1.286 24.52 36.82 16.64

P P P

n.s. n.s.
<0.001 <0.001

<0.001

Casida,Woody andPope,1966
onec.l.perewe onec.l.perewe Pregnantewes All

?

? Abattoir

134 297 257 688

38.2 44.5 41.8 42.6

217 370 358 945

61.8 55.5 58.2 57.4

351 667 615 1633

19.62 7.990 16.58 40.446

P P P P

<0.001 <0.01 <0.001
<0.001

Naaktgebovenand Stegeman,1968
Pregnant

?

479

48.2

515

51.8

994

1.204

n.s.

All

4192

45.022
5119

54.978
9311

92.28

P

<0.001

PresentData

Cyclicewes andgimmers

Laparoscopy
412

47.2

461

52.8

873

2.75

n.s.
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generally lower during the period of ovulatory activity than during the remainder

of the year (Table 7). One explanation of this is that during the period of

ovulatory activity the largest follicles tended to be ovulated and, therefore, not

assessed while during the anoestrum no ovulatory activity occurred and,

therefore, the larger follicles remained as follicles and were counted. During the

breeding season the day of laparoscopy was chosen such that it was about eight

days after the preceeding oestrus and ovulation in order that the corpora lutea

would be near their maximal size and, therefore, easiest to identify and count.

Also, the performance of laparoscopies near the end of the oestrous cycle was

especially avoided to obviate the possibility of depressing gonadotropin release

at this critical period with the anaesthetic. These two motives resulted in fewer

laparoscopies at the end of the oestrous cycle when the probability of observing

large (Graafian) follicles is greatest, it is therefore reasonable that the follicle

score would be lower during the breeding season than during the anoestrum.

However, these results do confirm earlier reports of considerable ovarian

follicular activity during the anoestrum (Kammlade, Welch, Nalbandov and

Norton, 1952; Raeside and Lammond, 1956; Hutchinson and Robertson, 1960 and

Jackson, Roche, Foster and Dziuk, 1971).

There is little difference in the overall mean follicle score for each breed

(Table 7) despite the large differences in the ovulation rates (Table 6). This is

again probably due to absence of observations towards the end of the oestrous

cycle when a breed difference in the numbers of follicles maturing would be

expected.
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Smeaton and Robertson (1971) suggested that three waves of follicular

growth occur during each oestroas cycle with maximal sized follicles being

present on Days 5 to 8, Days 12 to 14 and between corpus luteum regression and

ovulation. Brand and De Jong (1973) described two growth waves of follicles

during the oestrous cycle, the first occurring from Day 0 to Day 9 and the second

from Day 5 to Day 0 of the following cycle. The data presented here (Figure 13)

support neither hypothesis, very little variation during the oestrous cycle being

apparent.

Oestrous cycle duration The modal oestrous cycle length is commonly

accepted as being about 16 to 17 days while oestrous cycles of about 14 to 20

days in length are considered normal (Fraser, 1971; Hammond, Mason and

Robinson, 1971 and Short, 1972). These durations agree well with the present

data (Figure 15). However, the Tasmanian Merino's oestrous cycle lengths were

considerably longer than both those of the Scottish Blackface and Finnish

Landrace sheep.

The mean oestrous cycle duration has been reported to increase gradually

during the first half of the breeding season and to be more variable during the

second half (McKenzie and Terrill, 1937; Hammond, 1944 and Watson, 1952).

The durations for the Finnish Landrace sheep (Figure 14) fit this pattern, those

for the Scottish Blackface are more erratic, while those for the Tasmanian

Merino sheep are very erratic with a lower number of observations due to the

high incidence of ovulations without concurrent oestrus.

Of the total of 276 oestrous cycles observed, 2.9% (8) were between 22
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and 25 days in duration (Figure 15). These cycles were longer than the range in

durations that is considered to be normal for the sheep (Fraser, 1971; Hammond,

Mason and Robinson, 1971 and Short, 1972). Land (1971) observed short

(around seven days) oestrous cycles in Iactating Finnish Landrace, Dorset Horn

and Finnish Landrace and Finnish Landrace x Dorset Horn ewes. He suggested

that the early return to oestrus was due to the lack of formation of normal

corpora lutea following ovulation, possibly due to an inadequate release of LH„

The long oestrous cycles observed in this experiment could be due to a short

oestrous cycle preceeding or succeeding an oestrous cycle of normal duration,

the intermediate oestrus being either unobserved or absent (i.e. a silent

ovulation). An oestrus occurring about seven days after the preceeding oestrus

would not have been observed in this experiment because the ewes were not

teased to detect oestrus for the 12 days following the observation of an oestrus

(Table 1). Seven of the eight long oestrous cycles observed occurred in

Tasmanian Merino sheep, this breed showed a particularly high incidence of

ovulation without concurrent oestrus (35.6%, Table 4). Due to the absence of

oestrus detection for the 12 days following the observation of oestrus and the high

incidence of silent ovulations in Tasmanian Merino sheep, the occurrence of both

a short oestrous cycle followed by one of normal duration or an oestrous cycle

of normal duration succeeded by a short oestrous cycle with the intermediate

ovulation being silent are possible. However, the former combination is unlikely

to have occurred in seven of the eight instances because the progesterone

concentrations (Table 11) were within the normal range on the seventh and
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Table 11, Peripheral progesterone concentrations and laparoscopy
observations in ewes showing long (22-25 day) oestrous cycles.
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eleventh days after the first oestrus, indicating normal luteal activity, and in

five of the eight instances, the laparoscopes to observe the ovaries were

performed within seven days of the first oestrus, and in each of the instances

apparently normal corpora lutea were observed. Thesven apparently long oestrous

cycles observed in the Tasmanian Merino sheep could not, therefore, have been

due to a short oestrous cycle followed by one of normal duration. If the

alternative explanation is correct, then the short oestrous cycles must always

have been preceeded by a silent ovulation, unlike those observed by Land (1971).

There are no data to indicate the likelihood of this possibility. Either oestrous

cycles longer than the upper limit of the accepted range of oestrous cycle

durations have been observed, or short oestrous cycles (around 7 days in duration)

occurred at an incidence of 12.1% (7 of 58) in Tasmanian Merino sheep and were

always preceeded by a silent ovulation.

Peripheral progesterone concentration The peripheral progesterone

concentrations on Days 7 and 11 of the oestrous cycles (Figure 17) agree well

with most of the values reported elsewhere (Table 12). The data presented here

(Figures 16 and 18) show a marked seasonal variation with the maximum

progesterone concentration unmistakably occurring in November. Despite their

different breeding seasons, ovulation rates, etc., all three breeds show a very

similar pattern in the seasonal variation in their progesterone concentrations. The

cause of marked increase in the peripheral progesterone concentration in the

month of November 1972 (Figures 16 and 18) cannot be explained from the data

available. Cumming, Mole, Obst, Blockey, Winfield and Goding (1971) found



Peripheralprogesterone
Assay

Reference

Breedofewe

concentration
(ng/ml)

method

n„

Day7

Day11

(1)

",,

PlotkaandErb(1967)
WesternHampshireand Southdown

28.1-3.9(3,6)
37.4-4.6(6,7)
D.I.D.

9

Thorburn,Bassettand

1-2.5(2)

1-2.5(2)

C.p.b.

22

Smith(1968) SmithandRobinson(1969)
Merino

11.8-9.8(2,3)
10.9-19.0(2,4)
G.L.C.

?

Stabenfeldt,Ewing,Patton
DorsetxRambouillet

1.5-3.1(2)
G.L.C.

7

andMcDonald(1969)

|

_l_

Stabenfeldt,Holtand
DorsetxRambouillet
0.97-0.66(5)
2.07-0.72(5)
G.L.C.
5,4

Ewing(1969)

1.32-1.12(8)
1.94-1.59(8)

&E.C.D.

Thorburn/Bassettand
Merino,BorderLeicester

C.p.b.

16-25

Smith(1969)

andDorsetHorn

ThorburnandMattner
Merino

2.42(5)

2.18(5)

C.p.b.

1

(1971)(9) AllisonandMcNatty
Romney

0.79

1.13

C.p.b.

7

(1972)

Merino

0.98

1.01

C.p.b.

7

Pant,Hopkinsonand
ClunForest

2.94-6.75

2.94-6.75

R.l.A.

6

Fitzpatrick(1972)

(2/10)

(2,10)

Sarda,Robertsonand
Suffolk

0.93

1.83

C.p.b.

4

Smeaton(1973)

0.7-1.1(2) 2.824J1.824(8) 2.157J2.170(8) 2.247|1.793(8) 2.412-1.936(8)
1.4-2.4(2)

PresentData

FinnishLandrace

3.373-1.849(8) 2.426-1.761(8) 2.746±1.891(8) 2.841-1.832(8)
R.l.A.

122

TasmanianMerino

111

ScottishBlackface

97

All

330

P.T.O.forexplanatorynotes.
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Table 12. (continued) Mid-oestrous cycle peripheral progesterone

concentrations as reported in the literature.

(1) G.L.C. Gas Liquid chromatography
Electron capture detection
Double isotope derivative
Competitive protein binding
Radioimmunoassay

E.C.D.
D.I .D.
C.p.b.
R.I .A.

(2) Range

(3) Days 6 to 8

(4) Days 10 to 12

(5) Mean-S.E.M.

(6) Mean - S.E.

(7) Days 9 to 11

(8) Mean-s.d.

(9) One utero-ovarian vein anastomosed to anterior mammary vein :
contralateral ovary excised

(10) Days 7 to 13
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that in early pregnancy the mean peripheral progesterone concentration was

greater in Merino and Border Leicester x Merino ewes fed at 25% of the

maintenance level than in ewes fed tit the maintenance level (P < 0.01), the

mean concentration being lowest in ewes fed at twice the maintenance level.

However, there is no indication from the mean body weights (Figure 20) or the

mean plasma non-esterified fatty acid concentrations (Figure 21) of a reduction in

the nutritional status of the ewes studied at this time. It was during this month

(November) that the ovulation rate of the Finnish Landrace (Figure 11) was near

the maximal level and ovulation rate has been found to be decreased,

non-significantly, in ewes decreasing in liveweight (1.57) compared to ewes

increasing in liveweight (1.69) (Cumming, 1972). Also in November the minimum

follicle score was attained by all three breeds (Figure 12). Figure 25 shows that

the minimum mean temperature encountered during the period of observation

occurred during this month, the mean minimum temperature for the 10 day period

commencing on the 15th November, 1972 being -5.8°C. It has been shown that

low temperature and shearing advances the onset of the breeding season (Dutt and

Bush, 1955; lnkster, 1959; Dutt, 1960 and Lees, 1971) and increases fertility

(Inkster, 1959). However, no accounts of the effects of temperature on the

ovulation rate, follicle score or progesterone concentration appear to have been

published.

The greatest mean progesterone concentration found here was in the

Finnish Landrace ewes, the Tasmanian Merino ewes having the least progesterone

(Table 8). The only comparison between breed found was that by Allison and
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McNatty (1972) who found a small inconsistent difference in the peripheral

progesterone concentrations in 7 Romney and 7 Merino ewes (Table 12).

The log. normal distribution in the peripheral progesterone concentrations

observed here (Figure 17) has not been reported or commented on elsewhere in

the literature.

Little correlation between the number of corpora lutea and the plasma

progesterone concentration was found here (Figure 19). This agrees with

Cumming, Mole, Obst, Blockey, Winfield and Goding (1971) who found that

although pregnant ewes with two corpora lutea had higher progesterone

concentrations on, and after, the twelfth day after the onset of oestrus, the

differences did not attain statistical significance until the fifteenth day after the

onset of oestrus (P < 0.05). Thorburn, Bassett and Smith (1969) found a good

relationship between the numbers of corpora lutea and the peripheral progesterone

concentration in ewes superovulated with Pregnant Mares' Serum (PMS), the

highest concentration measured was 30 nc/ml in a ewe with approximately 15

corpora lutea. Lammond and Gaddy (1972) similarly found a good relationship

between the peripheral progesterone concentration and the number of corpora lutea

following hormonally induced superovulation in cattle. They recorded

progesterone concentrations up to 460 ng/ml and up to 28 corpora lutea in a single

cow. However, Lammond and Gaddy (1972) found little difference in the

peripheral progesterone concentration in naturally ovulating Rambouillet ewes

with one (1.71 ng/ml) and two (1.64) corpora lutea. The cause of the difference

between the findings of the two latter reports and that preceeding is presumably
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due to the use of PMS and the considerably greater numbers of corpora lutea

produced.

Nutritional status The greatest weight gain occurred during the

summer months (Figure 20). While there was no weight gain during the winter

months, there was little weight loss. There is, therefore, no reason to suggest

that any seasonal variation in the reproductive performance of the sheep was due

to a variation in the nutritional status. Also, there is no evidence that the

technique of repeated laparoscopy deleteriously affected the health of these

animals.

Several workers have studied non-ester if ied fatty acid levels in the sheep

and have indicated the levels that they consider normal (Table 13). In the

present study, 50% of the estimates were below 300 /u equiv. p.a./l and 90%

were below 750 p equiv. p.a./I. These values compare favourably with those

suggested to be normal.

The large variation between samplings was investigated by taking

additional samples at intervals of two days between two routine samplings (Figure

23). The level obtained for each of these additional samplings was quite low,

below 300 /j equiv. p.a./l, compared to the levels obtained at the routine

samplings (mean : 386 p equiv. p.a./l). Stress has been shown to increase

non-esterified fatty acid levels, e.g. repeated blood collection (Patterson, 1963),

a 30 minutes ride in trucks (Saba, Burns, Cunningham, Hebert and Patterson,

1966) and emotional disturbance (Reid, unpublished data in Reid and Hinks,

1962). These observations suggest that the higher levels in samples from the
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Table 13. Normal non-esterified fatty acid levels in the sheep.

Reference
Non-esterified fatty acid levels suggested
to be normal ( p equiv. p.a./I)

Annison, 1960 100 - 900

Reid and Hinks, 1962 250 - 400

Patterson, 1963 100 - 500

Russel, Doney and Reid, 1967 < 500

Present Data 75.4%: < 500
88.8% : < 700
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routine collections could be due to the increased stress of all the ewes being

rounded up with sheepdogs and moved from their paddocks to pens near the

buildings of the field station. The variation between sampling days could be due

to variation in the treatment of the ewes when they were moved for bleeding and

weighing; for example, a different number of sheepdogs used or a different

interval between being moved and being bled. The increase in the mean levels

towards the end of the experiment could be due to the use of different sheepdogs,

an increase in the sensitivity and/or reactivity to disturbance by the ewes, or a

decrease in nutritional status. This variation could be due to pre-sampling

feeding, but Reid and Hinks (1962) found that post-feeding changes were less in

sheep on roughage rations and fed ad lib, as these sheep were, than in sheep fed

on concentrates.

It has been suggested that non-esterified fatty acid levels are distributed

logarithmically and not normally (Patterson, 1963 and Patterson, Burns,

Cunningham, Hebert and Saba, 1964). These data suggest that neither method

gives a normal distribution. These data do not suggest a seasonal variation in the

nutritional status of these sheep and, therefore, that the variation in reproductive

performance observed can be considered to be due to a seasonal variation per se

and not due to a variation in the nutrition.

In conclusion, it is apparent that the breeds of sheep studied here all

respond differently to the same seasonal variation in daylength, the sensitivity of

the stimulatory pathways therefore clearly differ, indicating that there is

considerable scope for genetic manipulation.
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CHAPTER IV

THE SECRETION OF OESTROGEN, LUTEIN1S1NG

HORMONE AND PROGESTERONE AND THE

DISPLAY OF OESTRUS IN FINNISH LANDRACE

CROSS AND PUREBRED TASMANIAN MERINO

EWES PRIOR TO OVULATION
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Introduction

It is known that a seasonal variation in many parameters of reproductive

activity occurs in the sheep. It is not known how such a variation influences, or

is influenced by, the relationships between progesterone, oestrogen and LH.

There is evidence that the relationships between the hormones important in

reproduction are involved in the seasonal variation in reproductive activity.

For example, the variation in the release of LH has been studied with respect to

the variation in the ovulation rate by Thimonier and Pelletier (1971). They

observed that ewes from a flock with a higher mean ovulation rate (1.57)

compared to a second flock of ewes of the same breed (1.43), and that ewes

having two ovulations compared to ewes having a single ovulation, had a greater

mean area of pre-ovulatory LH peak, a greater maximum LH concentration, a

greater mean duration of LH discharge and a greater interval between the onset of

oestrus and the onset of the pre-ovulatory LH peak. Land, Pelletier, Thimonier

and Mauleon (1973) made similar observations on ewes representing four genotypes

with different ovulation rates and obtained similar results. The greatest

difference occurred in the interval between the onset of oestrus and the start of

the pre-ovulatory LH discharge, this interval being 17.56 hours in Romanov ewes

and 7.5 hours in the ewes of the other breeds, the mean ovulation rates for these

two groups being 2.57 and 1.40 respectively. It was decided to extend these

observations in a study of two genotypes, Tasmanian Merino x Finnish Landrace

and Tasmanian Merino with different ovulation rates (1.97 and 1.06 respectively;

Land, Russell and Donald, 1974). Seasonal variation has been shown in the
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response of the ovariectomised ewe to exogenous oestrogen in terms of the

display of oestrus and the release of "pre-ovulatory" LH (Land, Wheeler and

Carr, 1975). The study was, therefore, conducted in November (autumn) and

repeated in February (winter) and June-July (summer) in order that any seasonal

variation present could be determined. Three of the main reproductive hormones

(LH, progesterone and oestradiol-17^ ) were studied as it is known that it is

the changes in the secretion of these hormones, and FSH, that regulate the

secretion of each other and the display of oestrus and ovulation (Short, 1972).

Due to the very low concentration of oestradiol-17/? in sheep plasma

and the desirability of measuring the secretion rates of the ovarian steroids rather

than their peripheral concentrations, it was required to collect timed ovarian

venous plasma samples. Normally the collection of such samples is achieved by

laparotomy, this method was not suitable here as the collection of serial samples

at regular, short intervals over a period of several days with minimum stress was

required. Ewes which had had one ovary autotransplanted to a carotid-jugular

cervical skin loop (Goding, McCracken and Baird, 1967) were therefore used

as these preparations allowed the collection of frequent, repeated, timed samples

of ovarian venous blood from conscious and relatively unstressed animals. Also,

due to separation of the ovary from the uterus, luteal regression is inhibited in

these preparations (Goding, Harrison, Heap and Linzell, 1967). The infusion of

PGF^ K into the ovarian arterial blood supply would, therefore, induce luteal
regression at the same time in all the ewes (Chamley, Buckmaster, Cain, Cerini,

Cerini, Cumming and Goding, 1972).
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Materials and methods

Animals Five Tasmanian Merino (D389, D410, D412, D421 and D425)

andJfive Finnish Landrace x Tasmanian Merino ewes (9U6, 9U17, OU57, OU75

and OU77) were used, the neck loops being made in all animals during the period

late August to early November 1971 when all the ewes were 1^ or 2^ years old.

All the ewes were mated later that year, all the Finnish Landrace x Tasmanian

Merino and three of the Tasmanian Merino ewes lambed the following spring (1972).

The transplantation operation was conducted one to three months after lambing,

or the expected time of lambing, during the period March to August 1972. The

preparations were first used in November 1972.

The sheep were kept at the A.R.C. Animal Breeding Research Organisation,

Field Laboratory, Roslin, Midlothian outdoors on grass in the summer and indoors

during the winter. They were fed hay and cereal concentrate during the winter

and during the experiments.

The two operations have been described in detail by Goding, McCracken

and Baird (1967). The vasculature of the preparation is shown in Figure 28.

Anaesthesia for both procedures was induced with Nembutal (Pentobarbitone

sodium, Abbott Laboratories Ltd.) and maintained with halothane (I.C.I.). As

the autotransplantation was performed during anoestrum when the metabolic

activity and blood flow of the ovary was lower compared to during the breeding

season when corpora lutea were present (Mattner and Thorburn, 1969), the ewes

were injected with 500 i.u. PMS sub-cutaneously (Folligon, Organon Laboratories

Ltd.) and, two days later, 1,000 i.u. HCG intravenously (Chorulon, Organon
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Figure 28. Diagram of ovarian autotransplant

showing anastomosis of ovarian vascular pedicle

with vessels in the jugulo-carotid skin loop

prepared about three months previously (from

McCracken and Baird, 1969).
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Laboratories Ltd.) before and after the operation in order to induce ovulation and

the establishment of corpora lutea such that the blood flow was increased and the

viability of the ovary improved. Streptopen (Glaxo Laboratories Ltd.) was

injected intramuscularly after the operation and on the two subsequent days to

inhibit infection.

One of the Tasmanian Merino ewes (D412) and one of the Finnish Landrace

x Tasmanian Merino ewes (9U17) died one and two months after the autotransplant

operation respectively as a consequence of a thrombosis in the aorta, leaving four

ewes of each genotype available.

Regression of corpora lutea and the collection of ovarian venous blood

samples The maintained corpora lutea (Goding, Harrison, Heap and Linzell,

1967) were regressed by the infusion of a PGF0 solution into the ovarian

arterial supply (Chamley, Buckmaster, Cain, Cerini, Cerini, Cumming and Goding,

1972). All the eight ewes were infused with PGF2 ^ and had blood samples
taken in November 1972 and February 1973, three ewes of each of the two

genotypes were used in June-July 1973.

The cannulation and infusion technique has been described by McCracken,

Uno, Goding, Ichikawa and Baird (1969) and is shown in Figure 29. The ewes to

be infused had their necks clipped on the morning of the day of infusion and 4 ml

Streptopen were injected. The animal was laid on its side on an operating table

and the neck loop and neck scrubbed with a Savlon solution and sterilised with a

Hibitane (chlorhexidine concentrate, I.C.I.) or "Thiomersal"

(alcohol-acetone-aqueous solution containing 50% ethanol) solution. A Longdwel
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Figure 29. Diagram of the technique for the

continuous intra arterial infusion of the

autotransplanted ovary and the collection

of ovarian venous blood (from McCracken,

Uno# Goding# lchikawa and Baird, 1969).
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sterile cannula (Becton, Dickinson Ltd.) was inserted into the carotid artery of

the loop on the cardiac side of anastomosis with the ovarian artery and directed

downstream such that the tip was upstream of the anastomosis. The end of a

nylon intravenous cannula (Portex Ltd.) was inserted into the jugular vein on the

cranial side of the anastomosis and directed downstream such that the tip of the

catheter was, as near as could be judged, lying opposite the ovarian vein. The

catheters were flushed with a sterile saline solution containing Heparin (Weddel

Pharmaceuticals Ltd.) at a concentration of 40 i.u./ml, to prevent clotting.

This procedure took 20 to 30 minutes. The ewe was then placed in a metabolism

crate for at least two hours with as little disturbance as possible before starting

the experiment.

The infusion rate of 40 jjg/hour for four hours was chosen because total

regression of all the corpora lutea was desired and this infusion rate has been

found to be adequate for this purpose (Chamley, Buckmaster, Cain, Cerini, Cerini,

Cumming and Goding, 1972). PGF_ was dissolved in sterile saline (Syjg/ml)Z v^-

and infused into the ovarian arterial supply at the rate of 40 /jg/hour (8 ml/hour)

for four hours. This was effected by connecting a syringe containing the solution

in a constant infusion pump (Harvard Apparatus Co.) to the arterial catheter with

sterile nylon tubing. Carotid blood flow to the head through the skin loop was

prevented by inflating a pneumatic cuff to more than 200 mm Hg around the

upper limb of the loop. This cuff was deflated for two minutes every hour to allow

blood to circulate in the skin of the loop.

Four timed ovarian venous samples were collected before (controls) and
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after the infusion in order to indicate the acute effects of the PGF~ infusion.
2. oc

Further timed ovarian venous samples were collected, and the ewes were teased

for oestrus, at intervals of three hours from 24 hours after the start of the PGF0
z oc

infusion until about 35 hours after the onset of oestrus or until 80-100 hours after

the PGF2 ^ infusion. Teasing for oestrus was continued at three hour intervals
until after the end of oestrus. Finnish Landrace rams with high libido (Land,

1970a) were used to detect the ewes in oestrus throughout the experiment.

Clotting was inhibited by flushing the catheter with 5 ml of heparinised saline

(400 i.u./ml) after every collection. Infection was inhibited by rinsing the end

of the catheter with a hibitane solution before and after each collection,

keeping the end of the catheter wrapped in a sterile swab between collections,

using only sterile syringes and solutions and injection of 4 ml of Streptopen every

24 hours.

A pneumatic cuff was inflated around the upper limb of the loop such that

all the blood in the jugular vein in the lower limb had passed through either the

ovary (70%; Baird, Goding, Ichikawa and McCracken, 1968) or the skin of the

neck loop. The free end of the catheter was untied from the fleece on the ewe's

back where it was kept between collections and the end of the catheter was

rinsed with a hibitane solution. The catheter was rinsed through with 5 ml of a

weakly heparinised saline solution (10 i.u./ml), the end of the catheter was then

held about two feet below the point of the anastomosis in the neck and the

jugular vein manually occluded below the anastomosis. About 5 ml of blood was

allowed to drip from the catheter before starting the collection proper. The end of
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the catheter was held over a 30 ml plastic tube, containing about 0.3 ml of

5000 i.u. heparin/ml, with a mark at the 25 ml level and the stopwatch was

started at the same time with a foot switch. When the level in the tube reached

the 25 ml mark, the end of the catheter was moved awa; the stopwatch stopped.

The catheter was flushed and filled with 5 ml heparinised solution (400 i.u./ml)

and the end of the catheter rinsed with the hibitane solution, tied in a sterile

swab and secured to the animal's back. The time for the collection, usually 60

to 120 seconds was noted. If a PCV determination was required, about 2 ml of

the blood was decanted to a small tube and kept at 4°C until the determination

was made, within 20 hours. The remainder of the sample was centrifuged at 4°C
at 2800 r.p.m. for 20 to 30 minutes. The plasma was pipetted to two 3 ml and

one 12 ml plastic tubes and stored at 20°C until required, for assay.

Progesterone assay The progesterone assay used was described in

Chapter III. The extraction efficiency was determined and calculated for each

sample individually.

Oestradiol-17yg assay The method used for the assay of oestradiol-17^

was established by Dr. P. van Look and is similar to that used for the assay of

progesterone (Chapter 111). The antiserum used (OR-422/7) has been described by

Scaramuzzi, Corker, Young and Baird (1974).

The plasma samples were thawed at room temperature. Two 500^jI aliquots

of each plasma sample were transferred (Eppendorf Micropipette) to 5 ml extraction

tubes that had ground glass stoppers (Galenkamp). 2 ml of freshly distilled diethyl

ether ("Analar", B.D.H. Chemicals) were added (Pipettor, Oxford Laboratories)
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to each extraction tube. The oestradiol-17yS was extracted from the plasma

into the diethyl ether by mixing the contents using a vortex mixer (Whirlimixer,

Fisons Scientific Apparatus) for 30 seconds for each tube. The extraction tubes

were then placed in racks in a tray of alcohol to which solid carbon dioxide

(Card-Ice, Distillers Co.) was carefully added. This procedure froze the aqueous

phase and allowed the diethyl ether to be decanted to 75 x 9.5 mm glass test

tubes (Wholesale Glass Suppliers). The diethyl ether was evaporated off in a

fume cupboard under Nitrogen with the tubes in a heated metal block. When the

diethyl ether had completely evaporated, a further 0.5 ml of diethyl ether

were added to each tube to rinse any oestradiol-17y9 on the sides of the tubes to

the bottoms of the tubes. The diethyl ether was evaporated to dryness as

before, the oestradiol-17^8 was then dissolved in 100 pi of phosphate gelatin

buffer (sodium oxide 1 g/I; sodium chloride 9 g/l; di-sodium hydrogen phosphate

anhydrous 8.6 g/I; sodium di-hydrogen phosphate 6.08 g/l and gelatin (300 bloom)

1 g/I) added to each tube (Repette, Jencon's), the tubes were then Whirlimixed.

100 pi of the antiserum (OR-422/7 diluted 1 part in 8000; Scaramuzzi, Corker,

Young and Baird, 1974) were added (Repette) to each tube, including tubes

containing known amounts of oestradiol-17p (standards) (Sigma Chemical Co.).

The tubes were Whirlimixed and stood for about 30 minutes. 100 pi of a

3
tritiated oestradiol-17^ solution (oestradiol-17^ -6, 7-H , 49.3 Curies/mM,
New England Nuclear) (approximately 5000 counts/minute/100 pi) were added to

each tube (Repette), the tubes were then covered and left at 40°C overnight.

The free and bound steroid was separated by absorbing the free steroid onto
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dextrdn-charcoal in phosphate gelatin buffer (25 and 250 mg/100 ml respectively),

1 ml of which was added to each tube (Repette), the tubes were then Whirlimixed,

stood for 15 minutes and centrifuged at 4°C for about 15 minutes. The supernatent

(protein bound fraction) was then tipped to the scintillation vials and 10 ml

scintillation fluid (PPO 2.66 g/1; POPOP 0.2 g/l; toluene 666 ml/1 and

Triton X-100 33 ml/1) added (Zipette, Jencon's). All scintillation vials were

"counted" in a Packard Tri-Carb scintillation counter.

The extraction efficiency, usually about 80%, was estimated for each

assay by tritiated oestradiol-17 fi that had been added to plasma. The assay

method is schematically shown in Figure 30.

Haematocrit determinations The packed cell volume (PCV) was

determined, according to the method of Whitby and Britton (1957), on part of the

ovarian venous samples collected at intervals of nine hours. A macro-haematocrit

tube was used, this is a thick walled, calibrated, glass tube about 10 cm long

with a capacity of about 1 ml. The tube is filled with blood and centrifuged at

3000 r.p.m. at room temperature (20°C) for 60 minutes. After centrifuging the

packed cell volume is read on the scale from the top of the white blood cells and

recorded as a percentage of the total volume.

Calculation of secretion rates The formula used for the calculation of

the secretion rate is reproduced below:-

Q N ng 100 - PCV vol. blood (ml) 1Secretion rate (ijg/min) = —j i—5—t—x x : x 77™r ' vol. plasma (ml) 100 min 1000

The factor ng/ml plasma does not actually represent the concentration in ovarian

venous plasma as about 30% of the blood collected is contributed by the blood flow
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Figure 30. Schematic representation of the

oestradiol-17^ (Oe2) radioimmunoassay.
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through the skin (Baird, Goding, Ichikawa and McCracken, 1968). The volume of

non-ovarian venous blood is maintained at a minimal level by ensuring that the

neck loop consisted of no more skin than necessary. The dilution of the hormone

being determined does not, however, affect the secretion rate calculated as there

is no extra ovarian source of steroid hormones in the skin loop (Collett, Land and

Baird, 1973). However, it has been shown that 10% of the progesterone in blood

is associated with the blood cells and 90% is present in the blood plasma (Collett,

Land and Baird, 1973) and as this has not been taken into account, all

progesterone concentrations and secretion rates are underestimated by about 10%.

The distributions of oestrogen and LH in the blood are not known. Neither the

progesterone nor the oestradiol- 17p secretion rates were corrected for the

arterial concentrations (Thorburn and Mattner, 1971).

LH assay The LH concentration was determined in two stages. The

approximate concentration was first determined in all the samples with a coated

tube radioimmunoassay with no replication. This method was not very accurate and

all the values were overestimated by a variable amount. However, the method is

rapid and was adequate for the indication of samples containing elevated quantities

of LH and allowed the dilution of the plasma to be calculated to give the best

estimate of the LH in the second, double antibody, assay. All the samples

collected before (control) and immediately after the infusion, the samples around

and during the pre-ovulatory surge of LH and in some animals all the samples were

then assayed in triplicate, at three dilutions, by the double antibody

radioimmunoassay described by Carr and Land (1975). The data from both types of
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assay were calculated by the same computer programme as used for the progesterone

assay and described by Carr and Land (1975).

The procedure for the coated tube method is as follows. 0.4 ml of a

1 : 5000 antiserum to bovine LH raised in the horse were added with an automatic

pipette to plastic LP3 tubes (Luckam), the diluent being 0.2M carbonate buffer

(pH 9.6). The tubes were centrifuged at about 1000 r.p.m. for about 10 minutes

to ensure that all of the liquid was at the bottom of the tubes. The tubes were then

covered and stood overnight at 4°C while the antiserum coated the tubes. The

following day the solution was aspirated from the tubes which were then washed

twice with 2.5 ml of a 0.9% sodium chloride solution. 1.0 ml of 0.15M phosphate

buffered saline (pH 7.5) containing 2% bovine serum (General Assay Diluent,

G.A.D.) was added to each tube, the tubes were kept for 1 hour at room

temperature, inverted and left for about two hours until dry. 100 pi of the sample

plasma and 400 pi of G.A.D. were then added to each tube, the standards being
125

prepared similarly. 50 pi of the solution of radioactivity labelled (1 ) LH

(3 ng/ml, 90 pCi/pg) were then added to each tube, the tubes were covered and

incubated at 37°C overnight. The next day the tubes were emptied, washed twice

with tap water and left until dry. The radioactivity was then counted using a gamma

auto-spectrometer (Wallac).

The method for the double antibody LH radioimmunoassay is as follows.

500 pi of the appropriate standards and sample plasma diluted with G.A.D. were

dispensed to plastic LP3 tubes. 200 pi of antiserum (1 : 400,000, anti bovine LH

raised in the horse) were added to each of the tubes which were then covered and
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o 125
incubated at 4 C for about 4 days. 50 jjI of 1 labelled LH were added to each

tube, the tubes being incubated at 4°C for a further 5 days. 200 p\ of a solution

containing the second antiserum (raised in rabbits against horse 1 gG) at 1 : 60

(also 1 : 10.0 1M EDTA and 1 : 1000 horse serum) were added to each tube and the

incubation continued for another day. The antiserum exhibited a small "plasma

effect" which resulted in the LH concentration assayed in samples containing little

LH, and therefore being assayed at a low dilution, being overestimated by a

variable amount. 1 ml of G.A.D. was added to each of the tubes which were then

centrifuged at 1400 r.p.m. for one hour at 4°C to precipitate the antigen-antibody

complex. The tubes were then emptied and aspirated dry before the radioactivity

was counted using a gamma auto-spectrometer.

Results

The responses of each ewe following each infusion of PGF2 have been
summarised according to the pre-infusion presence of active corpora lutea, the

regression of those corpora lutea, a pre-ovulatory increase in the oestradiol-17

secretion rate, the pre-ovulatory release of LH and the display of oestrus in

Table 14.

Presence of active corpora lutea The presence of active corpora lutea

prior to the infusion was inferred from the secretion rate of progesterone (Table

15). This was to some extent arbitrary, as it is difficult to decide the lowest

secretion rate at which a corpus luteum is probably present. However, from the

figures it can be seen that all the Finnish Landrace x Tasmanian Merino ewes were,

in November and February,and one of the Finnish Landrace x Tasmanian Merino
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Table 14. Summary of the effects of the PGF2 x infusions on the corpus
luteum and the incidence of oestrus, pre-ovulatory LH discharge and

oestrogen secretion in Finnish Landrace x Tasmanian Merino and

Tasmanian Merino ewes with ovarian autotransplants in November,

February and June-July.

Display of oestrus +++++111 +++1+111 111111

Releaseofa pre-ovulatory surgeofLH +++++111 +++1+111 111111

Pre-ovulatory increasein thesecretion rateof oestradiol-17^ + + + + + 111 + + +1+111 111111

Regression ofthe corporalutea + + + + + 1+1 + + + + +1 + 1 + + +11 +

0

15 ® 00 0 -C
<D — ■*"

S •> 8. * u^g
S u & 0 |a 0 o. a.

+++++++ 1 +++++++ 1 +++1 1+

Ewe to kkcn 0 r- in to rQ k 0 0 — >o rCko — 'o

os O OOq a 0 0 ^OOOqqqq 5nOOqqo

Breed F.L. X T.M. T.M. F.L. X T.M. T.M. F.L. X T.M. T.M.

Monthof infusion November February June-July



Monthof infusion

Breed

Ewe

Meansecretionrateof progesterone(pg/min)n=4
Progesteronesecretionrate+ followinginfusionn/

Beforeinfusion
:ollowinginfusion
beforeinfusion

November
F.L.

9U6

6.43

1.61

25%

X

OU57

9.61

1.57

16%

T.M.

OU75

5.79

0.70

12%

OU77

4.11

1.98

48%

T.M.

D389

5.18

2.13

41%

D410

4.17*

6.16

147%

D421

2.21

1.14

52%

D425

0.38

0.12

February

F.L.

9U6

13.84

2.96

21%

X

OU57

10.65

t

T.M.

OU75

7.05

0.84

12%

OU77

10.83

0.31

3%

T.M.

D389

1.06

0.60

57%

D410

9.30

3.32

36%

D421

1.10

0.27

25%

D425

0.16

0.03

June

F.L.

9U6

8.04

2.17

27%

X

OU75

1.89*

0.65

34%

T.M.

OU77

0.81

0.28

35%

T.M.

D410

0.00

0.01

D421

0.05

0.03

D425

2.66

1.15

43%

* n=3;fnosamplescollected;$notcalculatedwhereactivecorpora luteainferrednottobepresentpriorto ihePG?20(minfusion.
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ewes in June-July was, secreting considerable quantities of progesterone prior

to the PGF2 ^ infusions (range : 4.11 to 13.84 pg/min). Two of the three
Finnish Landrace x Tasmanian Merino ewes in June-,jJuly were secreting less

progesterone (0.81 and 1.89 pg/min) but as these were greater than subsequent,

lower levels measured it was assumed that active corpora lutea were present in

these two ewes prior to the PGF2 infusions in June-July.
The Tasmanian Merino ewes were more variable, three ewes (D389,

D410 and D421) had corpora lutea prior to the infusions in both November and

February (range of progesterone secretion rates : 1.10 to 9.30 pg/min). The

fourth ewes (D425) had a low progesterone secretion rate, and therefore

presumably no active corpora lutea, prior to the November and February infusions

(0.38 and 0.16 pg/min respectively). D425 had a higher progesterone secretion

rate prior to the June-July infusion (2.66 pg/min), and presumably active

corpora lutea, while the other two Tasmanian Merino ewes (D410 and D421)

both had low progesterone secretion rates indicative of an absence of active

corpora lutea (0.003 and 0.05 pg/min).

The difference between the mean secretion rates of progesterone prior to

the PGF~ infusions for each breed was examined using the Student's "t' test2 oc

and found not to be statistically significant.

The mean LH concentrations and oestradiol-17^ secretion rates prior to

the PGF„ infusions are shown in Table 16. The values obtained from ewes2 oc

presumed to have no active corpora lutea present at the time have been excluded

as differences between these ewes and those with active corpora lutea would be
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Table 16. LH concentrations and oestradioI-17^ secretion rates in Finnish

Landrace x Tasmanian Merino and Tasmanian Merino ewes with ovarian

autotransplants in November, February and June-July prior to the

infusion of PGF2 ^ •

LH concentrations (ng/ml):

Breed Ewe
Month

November February June-July
F.L.xT.M. 9U6 . 1.67 ' 0.65 0.57

OU57 ' 1.18 •• 0.83
OU75 . 1.16 ' 1.17 1.52*
OU77 1.85 1.09 1.57
MEAN 1.45 0.94 1.22

T.M. D389 ■ 1.04 ' 0.99
D410 4.81 6.49 t

D421 2.13 8.02 t

D425 t f 1.37
MEAN 2.69 5.16 1.37

Oestradiol-17 p secretion rates (ng/min):

F.L. x ToM. 9U6 1.72 0.59 0.35
OU57 1.46 0.46
OU75 0.45 0.60 0.75*
OU77 2.53 0.12 0.71
MEAN 1.54 0.44 0.61

T.M. D389 0.55 0.71
D410 0.19 0.40 t

D421 0.36 0.06 t

D425 t t 0.12
MEAN 0.37 0.39 0.12

Means of 4 determinations;
*

mean of 3 determinations;
t not active corpora lutea present, therefore not luteal progesterone levels.
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expected due to the influence of different progesterone levels. The differences

in the oestradiol-17 p secretion rates within the Finnish Landrace x Tasmanian
Merino ewes between the months were tested for statistical significance using

the paired Student's 't1 test, no significant differences were found. Neither

were the differences between the Finnish Landrace x Tasmanian Merino and the

Tasmanian Merino ewes over all three periods or within November found to be

statistically significant using the Student's 't' test.

The Tasmanian Merino ewes had a significantly greater (P < 0.05) LH

concentration than the Finnish Landrace x Tasmanian Merino ewes.

Regression of the corpora lutea The regression of the corpora lutea was

inferred from a decrease in the progesterone secretion rate following the PGF2 ^

infusion. With three exceptions, all instances where the presence of active

corpora lutea prior to the infusion had been inferred, luteal regression was

considered to have occurred, the mean progesterone secretion rate following the

infusion being between 3 and 57% of the rate before the infusion (Table 15). No

assessment could be made for OU57 in February as no samples were collected

following the infusion due to a blood clot over the intravenous end of the catheter

which coul d not be cleared. In one ewe, D410, luteal regression did not occur

(the decrease in February to 36% of the previous secretion rate, was, as shown by

subsequent samples, only a temporary reduction) following the infusions in November

or February. One possible explanation is that the anatomy of the vasculature in

the neck loop was peculiar in that the PGF2 ^ infused into the carotid artery did
not pass directly into the ovarian artery and to the ovary. Alternatively, this
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animal may have had corpora lutea unusually resistant to the I uteolytic effects of

PGF0 . On the basis of the available data, it is not possible to ascertain whichZ vC

explanation is correct, if either.

Incidence of ovulation The occurrence of ovulation could not be

verified directly and was, therefore, inferred from the endocrinological changes

that occurred, i.e. a pre-ovulatory increase in the concentration of LH, a

pre-.ovulatory increase in the secretion rate of oestradiol-17^ that was terminated

at the time of the pre-ovulatory LH peak and a low progesterone secretion rate.

The observation of oestrus would support the inference that ovulation had

occurred, as these two events normally occur together (Chapter III).

(a) Pre-ovulatory LH secretion. A pre-ovulatory release of LH was

found following nine of the 22 infusions, the changes in the LH concentration,

oestradiol-17/9 and progesterone secretion rates and the display of oestrus

following these nine infusions are shown in Figure 31. Pre-ovulatory LH peaks

were found following the infusions in November in all four Finnish Landrace x

Tasmanian Merino ewes and one of the four Tasmanian Merino ewes (D389) and

following the infusions in February three of the four crossbred ewes (9U6, OU57

and OU75) and one Tasmanian Merino ewe (D389). The increase in the LH

concentration was rapid (11 ng/ml/hour) in eight of the instances, the ninth

(D389, November) showed a less rapid increase (about 2 ng/ml/hour) to a lower

maximum concentration than the other ewes (22.5 ng/ml compared to 100.8 ng/ml).

The decrease in the LH concentration was as rapid as the increase at first (13.5

ng/ml/hour), becoming more gradual at lower concentrations (1.5 ng/ml/hour).
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Figure 31. Pre-ovulatory changes in the LH

concentration (....) and progesterone

and oestradioI-17^ ( ) secretion rates and

the duration of oestrus following PGF2 ^

induced luteal regression in Finnish Landrace

x Tasmanian Merino and Tasmanian Merino ewes

with ovarian autotransplants in November and

February.

(a) Finnish Landrace x Tasmanian Merino ewes in

November.
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Figure 31. (continued) Pre-ovulatory changes in

the LH concentration (....) and progesterone

and oestradiol-17^ ( •) secretion rates and the

duration of oestrus following PGF2 ^ induced
luteal regression in Finnish Landrace x Tasmanian

Merino and Tasmanian Merino ewes with ovarian

autotransplants in Novebiber and February,

(b) Finnish Landrace x Tasmanian Merino ewes in

February.
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Figure 31. (continued) Pre-ovulatory changes in the

LH concentration (....) and progesterone

and oestradiol-17yS ( ■) secretion rates and

the duration of oestrus following PGF2 ^ induced
luteal regression in Finnish Landrace x Tasmanian

Merino and Tasmanian Merino ewes with ovarian

autotransplants in November and February,

(c) Tasmanian Merino ewes in November and February.
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The time of the onset, end and duration of the period of elevated LH

concentration is shown for each experiment in Table 17 with the time of the maximum

LH concentration and the maximum LH concentration achieved. The times for the

onset and the end of the LH peak are the times at which the first and last sample

respectively with an elevated concentration of LH were collected. The duration

of the LH peak was calculated by taking the difference between these two times

and is therefore a minimum duration and could be underestimated by up to six hours

as the samples were collected at intervals of three hours. Also shown is a

parameter, named "total LH released", which is an attempt to describe the

magnitude of the LH peaks. It was calculated by subtracting the mean LH

concentration in the samples preceeding and succeeding the elevated levels from

the elevated concentrations and adding the remainders. As the samples were

collected at intervals of approximately three hours, each sample represents a

similar time period.

There are no statistically significant differences (Student's "t1 test)

between the genotypes or the seasons in the maximum concentration of LH detected

(17.2% and 7.4% respectively) or the "total LH released" (0.6% and 0.6%

respectively). The LH peak began later in the Tasmanian Merino ewes (60.89

hours) compared to the Finnish Landrace x Tasmanian Merino ewes (50.10 hours)

and in February (54.89 hours) than in November (50.59 hours), though neither of

these differences were significant. The duration of the LH peak varied insignificantly

between the breeds (12.63 and 11.11 hours for the Finnish Landrace x Tasmanian

Merino and the Tasmanian Merino ewes respectively), but was shorter in February



Monthof
Breed

Ewe

MeanLH concentration
HoursafterstartofPGF2̂infusionto:

Duration
ofLH

MaximumLH concentration (ng/ml)

"Total LH released"

infusion

(ng/ml)prior toLHpeak
Onsetof

LHpeak
MaximumLH concentration
Endof LHpeak

peak (hours)

November
F.L.

9U6

3.313

45.82

48.83

57.67

11.85

104.2

164.4

X

OU57

1.870

40.97

44.60

56.13

15.16

100.5

215.9

T.M.

OU75

2.530

46.97

52.80

61.75

14.78

92.3

190.5

OU77

2.273

43.53

52.03

60.70

17.17

151.8

276.1

T.M.

D389

2.240

75.65

81.82

88.28

12.63

22.5

50.0

February

F.L.

9U6

2.369

64.53

67.48

70.25

5.72

33.8

69.1

X

OU57

1.700

56.27*

58.98

68.18

11.91

96.9

171.9

T.M.

OU75

1.730

52.62

58.42

64.42

11.80

88.7

175.8

T.M.

D389

4.600

46.13

49.00

55.72

9.59

137.8

307.4

November
All

All

2.499

50.59

56.01

64.91

14.32

94.3

179.4

February

All

All

1.933

54.89

60.45

64.64

9.76

89.3

181.1

All

F.L. X T.M.

All

2.255

50.10

55.88

62.73

12.63

95.5

180.6

All

T.M.

All

3.420

60.89

65.41

72.00

11.11

80.1

178.7

All

All

All

2.514

52.50

58.00

64.79

12.29

92.1

180.1
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(9.76 hours) than in November (14.32 hours, P < 0.05). Within the Finnish

Landrace x Tasmanian Merino ewes, the time of onset of the LH peak, the

maximum LH concentration and the end of the LH peak was earlier in November

than in February (Studenti 't' test; P < 0.01, P < 0.02 and P < 0.01

respectively). The maximum LH concentration "total" LH released and the

duration of the LH peak did not vary significantly between November and February

within the Finnish Landrace x Tasmanian Merino ewes.

Within these nine instances there was a significant variation in the mean

LH concentration in the samples preceeding the pre-ovulatory LH surge (Table 17,

■F' (8,26) : 3.371; P < 0.01).

As the time of ovulation had not been determined, the data could not be

arranged with respect to ovulation; however, it has been shown that the mean

interval between the LH peak and ovulation is 24 hours and is consistent (Cumming,

Brown, Blockey, Winfield, Baxter and Goding, 1971 and Cahill, Buckmaster,

Cumming, Parr and Williams, 1974), the data were therefore grouped with respect

to the maximum LH concentration (Figure 32). While this method hides the degree

of variation in features like the maximal LH concentration achieved, it does

demonstrate the consistent features, for example, the low LH concentration before

and after the pre-ovulatory LH peak (about 2.5 ng/ml), the rapid increase in the

LH concentration to a maximum of approximately 90 ng/ml and the equally rapid

decrease in the LH concentration that became progressively less rapid at lower

concentrations.

No pre-ovulatory peak in the LH concentration was observed following any
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Figure 32. Pre-ovulatory changes in the mean LH

concentration (....) and mean progesterone

and oestradiol-17^ ( •) secretion

rates and the mean duration of oestrus following

PGF_ induced luteal regression in Finnishz. oc

Landrace x Tasmanian Merino and Tasmanian

Merino ewes with ovarian autotransplants in

November and February (n = 9) relative to the

LH peak.
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of the other thirteen PGF2 ^ infusions (Figures 33, 34, 35 and 36).
(b) Pre-ovulatory oestradiol-17^ secretion. High and variable

oestradiol-17yS secretion rates were found in all the nine instances in which a

pre-ovulatory LH surge had been observed (Figure 31). While the pattern of the

variation in the secretion rate was variable, a number of consistent features can

be recognised (Figure 32). In all nine instances the oestradiol-l 7/9 secretion

rate was variable and attained high levels prior to the LH peak, the maximum

secretion rate was observed 0, 3 or 6 hours before the maximum LH concentration,

following the maximum the secretion rate decreased rapidly (0.862 ng/inin/hour)

over the first nine hours, the rate of decrease being less rapid later and at lower

levels (0.158 ng/min/hour) over the second nine hours, the decrease in the

secretion rate invariably occurred during the period of elevated LH concentrations

and the oestradiol-17^ secretion rate was invariably low following the LH

peak (Mean : 0.255 ng/min).

An attempt was made to describe the total oestradiol-17/0 released.

The mean oestradiol-17/3 secretion rate for each ewe for the samples up to and

including that with the maximum LH concentration are given in Table 18. One-way

analysis of variance showed that the variation between these means is statistically

significant (F (8,100) : 4.264 : P < 0.001).

Following the infusions of D410 in November and February, during which

luteal regression did not occur, the oestradiol-17^ secretion rate remained low

(Figure 33).
wftrfi iollowed hy

The three infusions which stimulated luteal regression, but^nofy^vidence of
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Figure 33. Changes in the LH concentration (....)

and progesterone and oestradiol-l/^S

( ) secretion rates following the infusion of

PGF0 in a Tasmanian Merino ewe. with an2 cC

ovarian autotranspiant in November and February,

which did not respond to the infusions of PGF0 _2 C>
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Figure 34. Changes in the LH concentration (....)

and progesterone and oestradiol-17y£

( ) secretion rates following PGF0 induced

luteal regression in Finnish Landrace x Tasmanian

Merino and Tasmanian Merino ewes with ovarian

autotransplants in November and February and

subsequent failure to exhibit characteristic

pre-ovulatory changes in hormone production and

oestrus.
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Figure 35. Changes in the LH concentration (....)

and progesterone and oestradiol-17y9

( ■) secretion rates following PGF2 ^ induced
luteal regression in Finnish Landrace x Tssmanian

Merino and Tasmanian Merino ewes with ovarian

autotransplants in June-July.
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Figure 36. Changes in the LH concentration (....)

and progesterone and oestradiol-17 p

( ■) secretion rates following PGF0 infusionsz oc.

in Tasmanian Merino ewes with ovarian

autotransplants and no active corpora lutea in

November, February and June-July.
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Table 18. Mean secretion rates of oestradiol-17 p following PGF~ induced2. CC

luteal regression in Finnish Landrace x Tasmanian Merino and Tasmanian

Merino ewes with ovarian autotransplants in November and February.

Month of
infusion

Breed Ewe

Mean oestradiol-17yB
secretion rate prior to
maximum LH
concentration (ng/min)

November F.L. x T.M. 9U6 4.094
OU57 7.621
OU75 3.108
OU77 7.380

T.M. D389 4.603

February F.L. x T.M. 9U6 4.990
OU57 5.023
OU75 3.080

T.M. D389 7.121

All T.M. MEAN 5.862

November F.L. x T.M. MEAN 5.551

February F.L. x T.M. MEAN 4.274

All F.L. x T.M. MEAN 5.042
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ovulation (D421 in November and OU77 and D421 in February) were all followed

by very little oestradiol-17y0 secretion (Figure 34).

The oestradiol- 17p secretion rates in the four ewes in which luteal

regression was stimulated during the anoestrum (Figure 35) and in the four ewes

which had no active corpora lutea prior to the PGF0 infusion (Figure 36) areZ. (a

given in Table 19. Within each of these two groups the variation between the

means was found to be statistically significant using the one-way analysis of

variance (F (3,76) : 2.6244; P < 0.05 and F (3,85) : 11.183; P < 0.001

respectively).

(c) Pre-ovulatory progesterone secretion. The progesterone secretion

rate was low following the PGF2 ^ infusion in the nine instances in which a

pre-ovulatory release of oestradiol-17^8 and LH were observed (Figure 31). The

mean secretion rate for the samples collected from about 24 hours after the

infusion onwards are shown for these nine experiments in Table 20. One-way

analysis of variance shows that the variation between these means is statistically

significant (F (8,154) : 25.887; P < 0.001). These means appear to fall into

two groups: those below 0.25 yg/mln and those above 0.5 pg/min. There are

three instances where the mean progesterone secretion rate was above 0.5 /jg/min;

OU77 and D389 in November and 9U6 in February. In two of these three instances

(D389 in November and 9U6 in February) the interval from the PGF2 ^ infusion
was greater (70.09 compared to 47.44 hours), the maximum LH concentration

achieved was lower (28.2 compared to 110.3 ng/ml) and the "total" LH released

was less (59.6 compared to 214.6) in these two instances than in the other seven.
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Table 19. Oestradiol-17^ secretion rates in Finnish Landrace x Tasmanian

Merino and Tasmanian Merino ewes with ovarian autotransplants in which

luteal regression was stimulated in anoestrum and in which there were no

active corpora lutea present prior to the PGF2 ^ infusion.

Group
Month of
infusion

Breed Ewe
Mean oestradiol-17,5
secretion rate (ng/min)

Luteal regression during
anoestrum and no

subsequent ovulation

June-July F.L. x T.M.

T.M.

9U6
OU75
OU77
D425

0.750
0.979
0.523
0.432

PGF2 infusion
when no active corpora
lutea had been

present

November

February
June-July

T.M.
T.M.
T.M.
T.M.

D425
D425
D410
D421

0.589
0.869
1.345
0.108
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Table 20. Mean progesterone secretion rates following Iutehl regression and

parameters of the pre-ovulatory LH surge following PGF_ induced2 OC

luteal regression in Finnish Landrace x Tasmanian Merino and Tasmanian

Merino ewes with ovarian autotransplants in November and February.

"TotalLH released" 164.4 215.9 190.5 276.1 50.0 69.1 171.9 175.8 307.4 178.7 180.6

MaximumLH concentration (ng/ml)
CN O CO if) Os N OD — V)

• • • • • 00 • • • • *
O CN r— CN • -O CO K O LO

OOCNLOCN CO O 00 CO CO o
— — — CO

+•

+. o
u <2
£ §
</> ..

s K-2 "o ^
O Nc g. o<4= O "■ O
<D o ^ I 5
e a —1

f= o .£ o

45.82 40.97 46.97 43.53 75.65 64.53 56.27 52.62 46.13 60.89 50.10

Progesterone secretion rate(/jg/min) Mean 0.1212 0.2155 0.1272 0.5396 0.5829 0.6578 0.1013 0.0743 0.2551 0.4190 0.2509 0.2778 0.2624
c

cokcok cm ^ co i\
CN CN — — —

Ewe 9U6 OU57 OU75 OU77 D389 9U6 OU57 OU75 D389 MEAN MEAN MEAN MEAN
Breed F.L. X T.M. T.M. F.L. X T.M. T.M. T.M. F.L. X T.M. 11 I!

Monthof infusion November February All November February All
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However, the third ewe with a progesterone secretion rate in the upper bracket

(OU77 in November) did not have a long interval between the PGF~ infusion
2. oc

and the LH peak (43.53 hours), a low maximum LH concentration (151.8 ng/ml)

or a lesser "total" LH release (276,1). There was no discernable relationship

between these mean progesterone secretion rates and the LH concentration

preceeding the pre-ovulatory LH surge.

The increase in the progesterone secretion rate coincident with the

pre-ovulatory increase in the LH concentration and prior to the occurrence of

ovulation has been discussed elsewhere (Chapter V).

The ewe in which luteal regression was not induced in November or

February (D410) showed a continuously high secretion rate of progesterone

throughout the sampling period (6.602 and 10.696 jjg/min respectively, Figure 33).

Luteal regression was induced on three occasions during the breeding season

when no pre-ovulatory release of oestradiol-17# or LH were observed (D421 in
■ •*

November and OU77 and D421 in February, Figure 34). In each instance
n

progesterone secretion occurred, the secretion rate increasing later in the sampling

period. The source of this progesterone is not clear, the most probable sources

being the old corpus luteum recovering from incomplete regression and luteinised

follicles. The latter source is suggested by the fact that in one of the instances the

first increase in the progesterone secretion rate was coincident with a sudden and

transient increase in the oestradiol-17^ secretion rate (OU77, February).

The induction of luteal regression during the anoestrum (Figure 35) in the

three Finnish Landrace x Tasmanian Merino ewes, 9U6, OU75 and OU77, and the
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Tasmanian Merino ewe, D425, were followed by mean progesterone secretion

rates of 0.112, 0.091, 0.014 and 0.744 jjg/min respectively. The variation

between the means is highly significant ('F1 ratio (3,76) : 189.067;

P < 0.001).

On four occasions ewes were infused with PGF0 when no active corporaA 0^-

lutea were present (Figure 36). The mean progesterone secretion rates on these

occasions were 1.020, 0.498, 0.007 and 0.042 jjg/min for D425 in November and

February and D410 and D421 in June respectively. The variation between the

means is highly significant ("F' ratio (3,86) : 33.917; P 0.001).

(d) Incidence of oestrus. Oestrus was exhibited only by the nine ewes

that showed a pre-ovulatory release of oestradiol-17/9 and LH and a low

progesterone secretion rate (Figures 31 and 32). The times of onset (being the

mean of the times of the last teasing to which the ewe would not stand and first to

which she did), the end of oestrus (similarly calculated) and the durations are

shown for each experiment in Table 21. Within the Finnish Landrace x Tasmanian

Merino ewes oestrus began and ended later in February (46.14 and 87.89 hours

respectively) than in November (36.41 and 70.45 hours respectively), though only

the time of the end of oestrus varied significantly (P < 0.01) between November

and February. Also, the mean duration of oestrus was greater, but not

significantly so, in February (41.75 hours) than in November (34.28 hours). The

Tasmanian Merino ewe started its oestrus display in February very late (71.15 hours)

and the oestrus was short in duration (9.13 hours). Together with the late

occurrence and short duration of oestrus, small size of the LH peak and high
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Table 21. The time of onset and end of oestrus and the duration of oestrus

following PGF2 ^ induced luteal regression in Finnish Landrace x

Tasmanian Merino and Tasmanian Merino ewes with ovarian autotransplants

in November and February.

Month of
infusion

Breed Ewe
Hours from start of PGF0

. c • 2ocintusion
Duration

(hours)Onset of oestrus End of oestrus

November F.L. x T.M. 9U6 35.54 74.46 38.92
OU57 * 69.72
OU75 38.10 69.31 31.21
OU77 35.59 68.29 32.70

T.Mc D389 71.15 80.28 9.13

February F.L. x T.M. 9U6 53.70 94.35 40.65
OU57 42.77 81.65 38.88
OU75 41.95 87.67 45.72

T.M. D389 36.16 63.11 26.95

November F.L. x T.M. MEAN 36.41 70.45 34.28

February F.L. x T.M. MEAN 46.14 87.89 41.75

* not recorded
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progesterone secretion rate in this ewe at this time (Table 17), the events may be

uncharacteristic and should, therefore, be considered with caution. This ewe in

February began oestrus earlier (36.16 hours, Table 21) and had the largest LH

peak of all the nine experiments (Table 20), both the LH peak and the oestrus

were short in duration (9.59 and 26.95 hours respectively). The Tasmanian

Merino ewes showed a significantly shorter oestrus (18.04 hours) than the Finnish

Landrace x Tasmanian Merino ewes (38.0 hours, P < 0.02).

The intervals from the onset of oestrus to the maximum LH concentration

are shown in Table 22. The difference (4.5%) in this interval within the Finnish

Landrace x Tasmanian Merino ewes between the experiments in November and

February was found to be not statistically significant. The interval was less in the

Tasmanian Merino ewes on both occasions (P <. 0.05).

Discussion

The changes in the progesterone and oestradiol-17J3 secretion rates and

the LH concentration on the nine occasions when luteal regression and ovulation

are presumed to have occurred (Figure 31) are similar to those described earlier

in ewes with autotransplanted ovaries and following PGF2 ^ induced luteal
regression (Barrett, Blockey, Brown, Cumming, Goding, Mole and Obst, 1971 and

Chamley, Buckmaster, Cain, Cerini, Cerini, Cumming and Goding, 1972). The

pattern of the pre-ovulatory LH surge described here is not clearly defined due to

the fact that samples were collected at intervals of three hours, more frequently

collected samples being required in order to accurately define the pattern of LH

release (Goding, Catt, Brown, Kaltenbach, Cumming and Mole, 1969) However,
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Table 22. The time of the onset of oestrus and the maximum LH concentration,

and the intervals between these events, following PGF„ induced luteal

regression in Finnish Landrace x Tasmanian Merino and Tasmanian Merino

ewes with ovarian autotransplants in November and February.

Month of
Breed Ewe

Hours from start of

PGFq infusionA vA»

Interval from onset

of oestrus to maximum
infusion Onset of

oestrus

Maximum LH
concentration

LH concentration

(hours)
November F.L.

X

T.M.

9U6
OU57
OU75
OU77

35.54
*

38.10
35.59

48.83
44.60
52.80
52.03

13.29

14.70
16.44

T.M. D389 71.15 81.82 10.67

February F.L.
X

T.M.

9U6
OU57
OU75

53.70
42.77
41.95

67.48
58.98
58.42

13.78
16.21
16.47

T.M. D389 36.16 49.00 13.16

November F.L.
X

T.M.

MEAN 36.41 51.22 14.81

February F.L.
X

T.M.

MEAN 46.14 61.63 15.49

* not recorded
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the data reported here show the existence and timing of the pre-ovulatory LH

surge, the surges reported here being similar in the time course of the changes and

the levels attained to earlier reports (Goding, Catt, Brown, Kaltenbach, Cumming

and Mole, 1969 and Cumming, Blockey, Brown, Catt, Goding and Kaltenbach,

1970). The LH peak was significantly greater in duration in November than in

February (Table 17) within the Finnish Landrace x Tasmanian Merino ewes.

The durations of oestrus reported here (Table 21) are comparable to those

described by Land (1970b) in intact Finnish Landrace x Scottish Blackface, Scottish

Blackface and Tasmanian Merino x Scottish Blackface ewes. Land (1970b) found

that the duration of oestrus is positively correlated with ovulation rate. Land,

Russell and Donald (1974) found that the ovulation rate in Finnish Landrace x

Tasmanian Merino ewes is greater (1.97) than in Tasmanian Merino ewes (1.06). On

this basis the Finnish Landrace x Tasmanian Merino ewes studied here would be

expected to have the greater duration of oestrus. This is indeed the case, the

crossbreds having a moan duration of oestrus of 38.02 hours compared to the

purebreds' 18.04 hours. However, this comparison is based on limited data (seven

crossbred and two purebred durations).

Moor (1974) concluded that oestrogen secretion by the graafian follicle,

in vitro and in vivo, is terminated by a quantity of LH comparable to thatreleased

during oestrus. The data reported here (Figures 31 and 32) support this conclusion

in that the decrease in the secretion rate of oestradiol-17/S invariably occurs

early in the period when the LH concentration is elevated.

The failures of D410 to respond to the PGF2 ^ infusion (Figure 33) suggests
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that either the corpora lutea of this ewe are exceptionally resistant to the

ieuteolytic effect of PGF2 ^ or that the anatomy of the vasculature of the
cervical skin loop and transplanted ovary (Figure 28) is such that in this ewe the

ovary receives its arterial blood supply from some source other than the carotid

artery into which the PGF2 ^ solution was infused.
The three instances of failure to ovulate following PGF2 q. induced

luteal regression (Figure 34) may be a reflection of the erratic reproductive

activity of the Tasmanian Merino ewes at Roslin, Midlothian, described in Chapter

III.

The seasonal variation in the pre-infusion oestradiol-17,8 secretion rates

(Table 16) do not correspond to variation in the follicle scores estimated in

Finnish Landrace, Scottish Blackface and Tasmanian Merino ewes during

laparoscopy (Chapter 111). The maximum secretion rate was measured in November,

the month when the follicle score was lowest. The difference between the breeds

in the oestradiol-17 J3 secretion rate is not reflected by a difference in the

follicle score. The probable explanation of this discrepancy is that the

pre-ovulatory secretion of oestradiol-17^ by the largest follicles in the ovary

(Moor, 1973) is not related to the subjective assessment of the overall number and

size of follicles in the ovary earlier in the oestrous cycle.

Finnish Landrace x Tasmanian Merino ewes had greater pre-infusion mean

progesterone and oestradiol-17fi secretion rates and lower mean LH
concentrations than the Tasmanian Merino ewes (Tables 15 and 16). It is tempting

to correlate this observation with the observed difference in their ovulation rates,
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1.97 and 1.06 respectively (Land, Russell and Donald, 1974). It has been

suggested that Finnish Landrace ewes have a higher tolerance of greater oestrogen

concentrations than Scottish Blackface ewes, the latter breed having a lower

ovulation rate (Land, Wheeler and Carr, 1975). The data presented here support

this hypothesis, even though the differences are not statistically significant.

The secretion of oestradiol- during anoestrum, i.e. following the

infusions of PGF2 ^ in June-July, does not appear to vary between the breeds.
The mean secretion rates were 0.751 and 0.628 ng/min for the crossbred and

purebred ewes respectively. Any difference between the genotypes may be masked

by the fact that all three of the Finnish Landrace x Tasmanian Merino ewes and

only one of the Tasmanian Merino ewes had corpora lutea prior to the PGF0z oc

infusion and the effect of the progesterone in these ewes may well be modifying the

secretion of the oestradiol-17J3 compared to the two Tasmanian Merino ewes

that had not been exposed to high progesterone levels.

The ovulation rate may be related to the number of pre-ovulatory follicles,

the pre-ovulatory secretion of oestrogen being a reflection of the number of large

follicles. Within the Finnish Landrace x Tasmanian Merino ewes the mean

secretion rate of oestradiol-17p prior to the LH peak was greater in November

(5.55 ng/min) than in February (4.27 ng/min, Table 18). This agrees with the

observation in Chapter 111 that the maximum ovulation rate in the Finnish Landrace

sheep occurred in November, while that of the Tasmanian Merino ewes varied

little with the season, the ovulation rate of the crossbred being expected to be

intermediate between the ovulation rates of the purebreds.



175

While little seasonal variation in the oestrus-to-LH peak interval was

found (Table 22), the interval was found to be less in the Tasmanian Merino

(11.9 hours) than in the Finnish Landrace x Tasmanian Merino ewes (15.1 hours).

This observation agrees with those of Thimonier and Pelletier (1971) and Land,

Pelletier, Thimonier and Mauieon (1973) that the interval between the onset of

oestrus and the LH peak is related to the ovulation rate of that breed.

In the four instances in which luteal regression was induced during the

anoestrum there is no evidence of subsequent ovulation (Figure 35). The first

differences in the endocrine profiles between these instances and those where

ovulation is presumed to have occurred (Figure 31) is the absence of a high

secretion rate of oestradiol-17^ , indicating the lack of growth and development

of pre-ovulatory follicles. The cause of this is probably not a lack of LH to

stimulate follicle growth during the luteal phase in order that there is a continuous

supply of follicles at the stage of development ready to proceed in growth and

development to ovulation should luteal regression occur because there is little

difference in the pre-infusion LH concentrations measured in the breeding season

and in the anoestrum (Table 16). While it can be concluded that the lack of

reproductive activity during the seasonal anoestrum is due to the failure of normal

follicular growth and development, as indicated by little secretion of oestrogen,

in the post-luteal period, the cause of this failure cannot be identified from the

data reported here. It is probably not due to a lack of follicles in the ovaries as

subjective macroscopic examination reveals numbers of apparently normal follicles

greater than that found during the breeding season (Chapter III); nor is it due to
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lack of stimulation by LH (Table 16). One possibility is a lack of FSH secretion,

unfortunately the FSH concentrations in these samples are not yet known and

there are no other reports on blood levels of FSH during different seasons of the

year.
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CHAPTER V

INCREASED SECRETION OF PROGESTERONE

FROM THE OVARY OF THE EWE DURING THE

PRE-OVULATORY PERIOD
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Introduction

The new corpus luteum is formed from the granulosa cells of the

pre-ovulatory follicle. This process involves well characterised changes in the

morphology of the granulosa cells that are usually accompanied by an increase in

progesterone secretion (functional luteinisation). In a number of species

morphological luteinisation of the granulosa cells is apparent some hours before

the rupture of the follicle (Baird, Baker, McNatty and Neal, 1975). Functional

luteinisation at this time can be inferred from an increase in the concentration of

progesterone in the peripheral plasma in women (Yussman and Taymor, 1970).

These changes are coincident with, and dependent on, the pre-ovulatory surge

of LH. Although the morphology of the granulosa cells in the ewe changes after

the onset of oestrus and immediately prior to the rupture of the follicle (Bjersing,

Hay, Kann, Moor, Naftolin, Scaramuzzi, Short and Younglai, 1972), there has

been no demonstration of the secretory capacity of these cells.

Materials and methods

The data reported here were collected during the study described in

Chapter IV.

Resul ts

Nine infusions during the breeding season resulted in luteal regression and

subsequent oestrus. The secretion rate of progesterone (mean - S.E.) in this group

fell from 7.06 - 1.28 jjg/min before the infusion to 0.293 - 0.077 pg/min 36.2

hours after the start of the infusion. Oestrus and a pre-ovulatory surge of LH
+ +

occurred 42.7 - 4.2 hours and 57.1 - 3.8 hours respectively after the start of the



179

infusion of PGF_ „ . In order to relate the events studied to the time of
2 oc

ovulation rather than the regression of the previous corpus luteum, the samples

were grouped in relation to the maximum LH concentration which has been shown

to occur 24 hours before ovulation (Cumming, Brown, Blockey, Winfield, Baxter

and Goding, 1971). The means of the concentrations of LH and progesterone,

progesterone secretion rates, times of collections and the mean duration of oestrus

are shown in Figure 37.
+

The progesterone secretion rate increased from 0.242 - 0.055 ;ug/min

(from 36.2 to 48.3 hours after the start of the PGF2 ^ infusion) to a maximum of
0.52 -0.12 ^ig/min coincident with the peak concentration of LH (57.1 hours

after the PGF2 ^ infusion) and subsequently decreased to 0.143 - 0.054 /jg/min
(from 66.1 to 75.1 hours after the infusion). A comparison of the

progesterone secretion rate during the LH peak (54.1, 57.1 and 60.1 hours after

infusion) with the three previous samples (45.1, 48.3 and 51.2 hours) indicated

that the increase from a mean of 0.27 /jg/min to a mean of 0.45 /jg/min was

statistically significant (P 4 0.001).

Four infusions of PGF~ _ solutions during mid-anoestrous induced luteal2 oc

regression but were not followed by oestrus and changes in the LH concentration

indicative of ovulation. These data are presented for comparison, the means of

the LH concentrations, progesterone concentrations, progesterone secretion rates

and rates of blood flow for the corresponding samples are shown in Figure 37.

Similar statistical analyses of the progesterone secretion rates as that performed on

the experimental data showed that there was no statistically significant variation.
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Figure 37. Mean concentrations of progesterone (o)

and luteinising hormone (x), progesterone

secretion rates (•) and blood flow (.) in ovarian

venous plasma collected from sheep with ovarian

autotransplants following luteal regression.

(a) During the breeding season (n =9).

(b) During the anoestrum (n = 4).
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This demonstrates that the previously described increase in the progesterone rate

is not related to the PGF2 ^ infusion per se.

Discussion

The increase in the secretion rate of progesterone described here is small,

and transient, compared with the pre-ovulatory increase in the progesterone

concentration in the woman (Johansson and Wide, 1969). This difference may

arise from the different patterns of the pre-ovulatory LH surge, thtit of the sheep

lasting for about twelve hours, while that of the woman persisting for two to three

days.

There are five possible sources of this pre-ovulatory progesterone; the

ovarian stroma, the membrana granulosa and the theca interna of the Graafian

follicle, the regressed corpus luteum and any atretic follicles present. There is

evidence that although the ovarian stroma of the sheep is not capable of secreting

steroid hormones (Roche, Karsh, Foster and Dziuk, 1974), the ovarian follicle can

secrete progesterone in vitro (Moor, 1974) and has been suggested as the source of

pre-ovulatory progesterone in the woman (Johansson and Wide, 1969). Further,

ovine granulosa cells have been shown to secrete progesterone in vitro (Seamark,

Moor and Mcintosh, 1974), and the secretion of progesterone at this time

corresponds to the pre-ovulatory changes in the structure and contents of the

granulosa cells found by Bjersing, Hay, Kann, Moor, Naftolin, Scaramuzzi, Short

and Younglai (1972).

The granulosa cells of the Graafian follicle may, therefore, be considered

as the most likely source of the pre-ovulatory increase in the progesterone secretion
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rate that is coincident with the pre-ovulatory surge in the LH concentration.
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CHAPTER VI

PERIPHERAL PROGESTERONE LEVELS IN

THREE EWES WITH OVARIAN

AUTOTRANSPLANTS
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Introduction

The influence of the uterus on ovarian activity was first shown by Loeb

(1923). He removed the uteri from guinea pigs and found that the corpora lutea

were preserved for as long as 80 days. Although the limit of the preservation was

not determined, it was found to surpass that of pregnancy (65 days). That these

preserved corpora lutea were functional was shown by the fact that they

inhibited ovulation, the degeneration or removal of these corpora lutea being

followed by apparently normal ovulation. The mammary growth and development

observed following hysterectomy also indicating that these preserved corpora

lutea were functional.

Loeb and Smith (1936) reported that whereas hysterectomy caused an

extension of the life of the corpus luteum in the guinea pig it had no effect in the

rat. They, therefore, investigated the effects of hysterectomy in the rabbit. An
of pSQudopregnancy

elongation in the life span of the corpora luteaj(was found,

retrogression of these corpora lutea was less acute compared to the controls and

occurred at about 50 days after sterile mating.

The effects of hysterectomy on ovarian activity in the ewe were first

described by Wiltbank and Casida (1956). They hysterectomised 10 ewes on

Days 3-8 of the oestrous cycle and marked the corpora lutea with Indian ink.

Two of the 10 ewes returned to oestrus, but still had their original corpora lutea

at slaughter 72 and 87 days later. None of the other eight ewes returned to

oestrus before being slaughtered, the last ewe being slaughtered after 100 days.

Kiracofe and Spies (1964) hysterectomised ewes on Days 12 to 17 of their



185

oestrous cycle (first day of oestrus = Day 1) and found that the pre-operative

corpora lutea were maintained until autopsy on Days 30 and 31, compared to the

normal oestrous cycle duration of 17.5 days. Kiracofe and Spies (1966) found

that following hysterectomy on Days 3-5 of the oestrous cycle the earliest

return to oestrus occurred after 161 days and that the corpora lutea in all ewes

regressed between 160 and 208 days after the pre-hysterectomy oestrus.

Moor and Rowson (1966) demonstrated the local nature of the phenomenon

and found that removal of the uterine horn ipsilateral to the ovary with the corpus

luteum resulted in luteal maintenance for varying periods, the longest being in

excess of 40 days.

Anderson, Bland, and Melampy (1969) reviewed the subject and found

that the sheep uterus unequivocably affected the corpus luteum and discussed the

evidence for a uterine Ieuteolytic factor. That this phenomenon is local had been

clearly established.

Inskeep and Butcher (1966) found that unilateral hysterectomy consistently

resulted in the prolongation of the life span of any corpora lutea on the

ipsilateral ovary, while corpora lutea on the contralateral ovary were unaffected.

However, ligation of the blood vessels supplying the ovary and uterus gave

equivocal results. Baird and Land (1973) showed the local nature of the effect of

the uterus on the ovary and the importance of the vasculature between the uterus

and the ovary, division of the middle uterine vein and the tubal arcade of veins

anastomosing between the middle uterine and ovarian veins resulting in the

unequivocal maintenance of existing corpora lutea.
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Separation of the ovary and uterus by autotransplanting either the ovary

or the uterus to a carotid-jugular neck loop has also been shown to result in

persistent corpora lutea (Goding, Harrison, Heap and Linzell, 1967). An

absence of oestrus and a high level of progesterone secretion from the

transplanted ovary for a period exceeding 160 days suggested the maintenance of

luteal activity for at least a period equivalent to a normal pregnancy. Similar

results were obtained from a ewe with a uterine autotransplant where the ovaries

remained in situ. Further reports of a reduced incidence of oestrus and maintained

elevated levels of progesterone in ewes with ovarian autotransplants have been

made (Baird, Goding, lchikawa and McCracken, 1968; McCracken and Baird,

1969; Baird, McCracken and Goding, 1971 and Harrison, Heap, Horton and

Poyser, 1972).

The precise time of luteal regression in the hysterectomised ewe or the ewe

with an autotransplanted ovary and the variation in the activity of such persistent

corpora lutea have not been determined. It was decided to determine the time

of luteal regression and the variation in the activity of corpora lutea in two ewes

with ovarian autotransplants. The intra ovarian arterial infusion of PGF2 oC

resulted in luteal regression (as indicated by a reduction in the progesterone

secretion rate) and subsequent ovulation (as indicated by a pre-ovulatory surge of

LH) and oestrus. These ewes, therefore, had corpora lutea of known ages. Luteal

activity was monitored by the daily collection of samples of peripheral plasma

which were assayed for progesterone. A third animal, which received a second

PGF« infusion 127 days after the first, was included in the experiment for2. ^
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comparison.

Materials and methods

The ewes used have been described in Chapter IV. Samples were collected

from one Tasmanian Merino ewe (D389) and one Finnish Landrace x Tasmanian

Merino ewe (OU57) that received intra ovarian arterial PGF2 x infusions in
February 1973 and an additional Finnish Landrace x Tasmanian Merino ewe (9U6)

thtit received intra ovarian arterial PGF2 infusions in February 1973 and 127
days later in June 1973.

Peripheral plasma samples were collected in 7 or 10 ml heparinised

vacutainers (Becton, Dickenson (U.K.) Ltd.) from the in situ jugular vein,

centrifuged at 2800 r.p.m. at 4°C (Measuring and Scientific Equipment, Mistral

2L) for at least 20 minutes and the plasma stored at -20°C until required for assay.

The samples were collected daily from a few days before the February 1973

infusion until 220 days after that infusion. All the samples were collected between

the hours of 0700 and 1100. No sheepdogs were used to move these ewes into pens

for the collection of blood samples.

The progesterone assay method was based on that described by, and the

antiserum used (91920/9; 1 : 6000) has been described by, Scaramuzzi, Corker,

Young and Baird (1974) (Chapter III). The samples were not corrected individually

for extraction losses, the overall mean recovery of 63% being used. All the daily

samples collected before and for 16 days after the PGF2 q. infusions and those
collected when the progesterone concentration was low were assayed, otherwise

every third daily sample was assayed.
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Results

The variations in the peripheral concentrations of progesterone are shown

for each of the three ewes in Figure 38.

In ewe OU57 the progesterone concentration was 4.61 ng/ml, following

the PGF2 pg. infusion the concentration rapidly decreased to less than 0.2 ng/ml7
the concentration remaining at this low level during the second, third and fourth

day after the infusion. This rapid decrease to a low concentration of

progesterone is indicative of luteal regression. The concentration then increased

during the following days and remained at about 4 to 5 ng/ml until late June,

about 120 days. This increase in the progesterone concentration from a low level

(less than 0.2 ng/ml) to a concentration typical of that observed in the luteal

phase of the oestrous cycle (3 to 4 ng/ml) and the exhibition of oestrus are

indicative of ovulation. The progesterone concentration decreased steadily from

approximately 4 ng/ml in late June to about 1 ng/ml in mid August. The

progesterone concentration remained at this concentration until mid September

when it increased slightly. In ewe D389 the progesterone concentration varied in

a similar manner to that observed in ewe OU57. The only differences are that the

decrease in July and the increase in September both occurred about 20 days

earlier than in OU57 and that the progesterone concentration was lower

throughout the experiment.

The ewe 9U6 also showed the same pattern in the variation in the

progesterone concentration until late June when 9U6 received a second PGF2 ^

infusion. Following this infusion, the progesterone concentration decreased
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Figure 38 „ Peripheral progesterone concentrations in

three ewes with ovarian autotransplants during a

period of 220 da/s.
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rapidly to a low level, less than 0.5 ng/ml. The concentration remained low

until mid August when the concentration increased to levels comparable to those

observed earlier.

The low progesterone concentrations observed in both ewes OU57 and D389

in July and August (about 1 ng/ml) are not as low as those concentrations found

immediately succeeding the PGF2 ^ infusion in February (about 0.1 ng/ml) and
those concentrations observed in 9U6 following the infusions in

February (about 0.1 ng/ml) and June (about 0.2 ng/ml). All the samples for each

ewe were determined in one assay/ the assay of plasma from an ovariectomised

ewe in each assay gave progesterone concentrations of 0.02 and 0.12 ng/ml for

the assays in which the samples from D389 and OU57 respectively were assayed.

Oestrus was observed in the three ewes following the PGF2 ^ infusions
in February. 9U6 did not display oestrus following the PGF2 ^ infusion in June.
Discussion

There is no evidence of the cyclivity of the progesterone concentration

that has been shown to be characteristic of ewes with oestrous cycles (Stabenfeldt,

Holt and Ewing, 1969 and Thorburn, Bassett and Smith, 1969).

The progesterone concentrations are similar to those observed in pregnant

ewes up to early June when the concentrations in pregnant ewes would increase

to about 10 ng/ml and above (Bassett, Oxborrow, Smith and Thorburn, 1969;

Fylling, 1970; McNatty, Allison and Thurley, 1972; Stabenffeldt, Drost and Franti,

1972; Sarda, Robertson and Smeaton, 1973 and Emady, Hadley, Noakes and

Arthur, 1974), whereas the concentrations reported here decrease at this time.
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However, this increase in the progesterone concentration in pregnant ewes has

been shown to be due to progesterone production by source(s) other than the ovary

(Fylling, 1970 and Sarda, Robertson and Smeaton, 1973), the main source being

the placenta (Linzell and Heap, 1968; Mattner and Thorburn, 1971 and Moore,

Barrett and Brown, 1972). The ovarian secretion of progesterone has been shown

to decrease at about 120-140 days of pregnancy (Moore, Barrett and Brown, 1972),

the placental contribution having increased after 60-80 days of pregnancy.

Thompson and Wagner (1974) found that ovariectomy had little effect on the

peripheral progesterone concentration in adrenalectomised ewes in the last nine

days of pregnancy.

The steady decrease in the progesterone concentration between about

mid June to early July (D389) and to early August (OU57) could be interpreted as

regression of the corpora lutea (Short, 1964 and 1967). However, the progesterone

concentration does not decrease to the low levels found following PGF2 ^ induced
leuteolysis following the February or June infusions, nor do the levels decrease to

those given by ovariectomised ewe plasma in the appropriate assays. Also, these

low levels are considerably higher than those found at the time of presumed

ovulation reported by other workers (Stabenfeldt, Holt and Ewing, 1969; Thorburn,

Bassettand Smith, 1969; Allison and McNatty, 1972; Hopkinson and Fitzpatrick,

1972 and Sarda, Robertson and Smeaton, 1973). These observations would indicate

that complete leuteolysis did not occur during the experiment in these two ewes.

Kiracofe and Spies (1966) found that corpora lutea formed at the

pre-hysterectomy oestrus were very small (less than 40 mg) when examined about
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160 days after hysterectomy. When examined about 40 days later, 200 to 208

days after hysterectomy, the original corpora lutea had completely regressed

and new corpora lutea were present in five out of five ewes. These observations

would indicate that the increases in the progesterone concentrations observed in

OU57 and D389 in September were caused by new corpora lutea produced by

recent ovulations. This explanation assumes that ovulation is possible while

progesterone is present at a peripheral concentration of 1 ng/ml.

The increase in the progesterone concentration before the end of the

experiment could be due to either spontaneous ovulations, as is assumed in 9U6,

or to increased activity of the existing corpora lutea. The progesterone

concentration before this increase, about 1 ng/ml, and the fact that the increase

is not as large as that observed at this time in 9U6 or as those observed in the

three ewes in February would suggest that the increase is not due to new

spontaneous ovulations.

The decrease in the progesterone concentration in OU57 and D389 in the

summer months and the subsequent increase in the autumn could be due to a

seasonal variation in gonadotrophin secretion, there being less gonadotrophin

secreted during the seasonal anoestrum (Chapter III).

The increase in the progesterone concentration in 9U6 in late August is

probably the result of a$>ontaneous ovulation at the beginning of the breeding

season. The absence of concurrent oestrus is to be expected for the first ovulation

of the breeding season, over 90% of Tasmanian Merino and Finnish Landrace ewes

were found to commence their breeding season with ovulation unaccompanied by
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concurrent oestrus (Table 5, Chapter III). The median dates of onsets of the

Tasmanian Merino and Finnish Landrace ewe's 1973/74 breeding season were

17th August and 23rd October, 1973 respectively (Table 2, Chapter III). As

9U6 is a Tasmanian Merino x Finnish Landrace ewe, it would be expected that

the date of onset of its breeding season would be intermediate between those of

its parents breeds (Hafez, 1952b). The time of the first ovulation of 9U6 of

its breeding season is in that period in which it is expected, therefore the

continuous exposure from late February to late June (four months) had little

effect on the time of the onset of the subsequent breeding season two months

later in late August.

In conclusion, no evidence was found to suggest that corpora lutea in

autotransplanted ovaries that have been separated from the uterus persist for less

than the duration of this experiment, i.e. 220 days.
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CHAPTER VII

GENERAL DISCUSSION AND CONCLUSIONS
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The sexual activity of the sheep is restricted such that fertile matings

normally occur only in the autumn with the result that lambing occurs in the

spring when the plentiful supply of fodder gives the lambs the best opportunity to

survive. In the agricultural systems used at present in this country it is possible

to provide adequate feed at other times of the year with the result that it is not

necessarily desirable from the farmer's point of view that the sheep's breeding

season be so restricted. Domestication and improved husbandy has already

effectively increased the duration of the breeding season in sheep (e.g. Heape,

1900). Although the desirability of investing money and resources into the

various types of food production is mainly decided by the prevailing financial

climate, it is the responsibility of agricultural scientists to endeavour to

determine mfethods by which these systems may be made to yield a greater output,

then, should the financial climate change to encourage such an effort, these

practices may be employed.

The sheep is reproductive!y inefficient for two reasons. First, while it

spends half the year conceiving, carrying the lamb and lambing it wastes the

remainder of the year because by the time the inhibitions of post partum anoestrum

and lactational anoestrum are overcome the ewe is in seasonal anoestrum.

Secondly, a litter size of one or two is normally obtained whereas the ewe is

probably quite capable of carrying a much larger litter. At present, little effort

is put into increasing the yield from sheep in this country. If the financial

incentive were to be provided, however, there are already several practices that

may be employed to improve the reproductive ability of sheep. The use of
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artificial lighting could be used to induce extra "breeding seasons"; gonadotrophic

hormones (e.g. PMS, HCG) can be used to stimulate "out of season" breeding and

increase the ovulation rate and litter size, and progesterone or PGF2 ^ induced
oestrous cycle synchronisation may be employed to facilitate artificial

insemination which would reduce the number of rams required and allow a

greater genetic selection pressure to be applied to the rams.

This study has provided information on the nature of the seasonal variation

in the reproductive performance of the ewe. One of the most striking aspects is

the very different response of the Finnish Landrace, Tasmanian Merino and

Scottish Blackface sheep to the same environment. This would suggest that the

exploitation of different breeds of sheep could, by the appropriate crossing of

these breeds, allow sheep to be bred with any desired breeding season and

ovulation rate. This practice could be used to produce sheep capable of

producing lambs outside the normal season, thereby allowing a less seasonal supply

of lamb to the consumer, and to increase the frequency of lambing to two crops

every eighteen or twelve months.

The study of the seasonal variation in oestrous and ovarian activity has

demonstrated three very different patterns of variation in the three breeds studied.

Finnish Landrace, Tasmanian Merino and Scottish Blackface sheep have been shown

to have very different breeding seasons. The incidence of ovulation followed the

incidence of oestrus closely within each breed. The variation in the ovulation

rate followed that in the incidences of oestrus and ovulation in that the peak

ovulation rate was greatest in the Finnish Landrace sheep, intermediate in the
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Scottish Blackface sheep and least in the Tasmanian Merino sheep. These

observations suggest that the seasonal variation in the reproductive performance

of the sheep is a gradual progression (quantitative) in nature rather than a sudden

change (qualitative, Figure 1), the transition from anoestrum to the breeding

season being gradual with a variation in reproductive activity occurring within

the breeding season. The fact that this variation is gradual in nature suggests

that it is due to a gradual variation at one of the points of control of the

reproductive process, e.g. the quantity of gonadotrophic hormones secreted. In

such a situation it should be possible to manipulate the level of rpproductive

activity by interfering at this point. The variation in the reproductive performance

between these three breeds of ewe indicates the potentially great scope for the

genetic selection and crossbreeding of sheep to produce new breeds tailor made

for specific agricultural systems.

This study has demonstrated a marked breed and seasonal variation in the

ovulation rate. Data obtained during this experimental programme suggests that

this variation is produced by a variation in the hypothalamic sensitivity to steroid

hormones, as has been proposed by Land, Wheeler and Carr (1975). The data

presented here suggests that separate oestrogen-sensitive areas of the hypothalamus,

with differing sensitivities to oestrogen, are responsible for the pre-ovulatory LH

surge and the display of oestrus. The Finnish Landrace sheep were more likely to

respond to oestrogen by displaying oestrus alone than by ovulating alone, with the

result that the incidence of silent ovulation during, and at the end of, the

breeding season was zero. Scottish Blackface sheep have hypothalamic sensitivities
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to oestrogen such that silent ovulation during the breeding season is a little more

probable than in the Finnish Landrace sheep. Tasmanian Merino sheep were

more likely to ovulate than show oestrus, resulting in a high incidence of silent

ovulation. The greater the sensitivity to oestrogen, the sooner the ovulatory

discharge of LH would be released. As the ovulatory centre of Finnish Landrace

sheep appears to be less sensitive to oestrogen, they would be capable of

tolerating higher oestrogen secretion rates, produced by a larger number of

pre-ovulatory follicles than Scottish Blackface or Tasmanian Merino sheep.

Therefore, the ovulation rate would be expected to be greatest in the Finnish

Landrace, intermediate in the Scottish Blackface and least in the Tasmanian

Merino sheep. Also, the concentration of oestrogen sufficient to stimulate the

display of oestrus would be more likely to be attained in the Finnish Landrace

than in the other two breeds, and least likely in the Tasmanian Merino sheep. A

breed and seasonal variation in the sensitivity to steroid hormones is also

suggested by the mid-oestrous cycle peripheral progesterone concentrations,

these being greatest in the Finnish Landrace sheep (3.10 ng/ml), intermediate in

the Scottish Blackface (2.50 ng/ml) and least in the Tasmanian Merino (2.29 ng/ml).

The seasonal variation is less easily related to the seasonal variation in the

ovulation rate except within the Finnish Landrace breed where the peak in the two

both clearly occur in November. Although the numbers are very limited, two

Tasmanian Merino and seven Finnish Landrace x Tasmanian Merino, the interval

between the onset of oestrus and the ovulatory LH discharge in ewes with ovarian

autotransplants was found to vary with the ovulation rate of the breed of ewe,
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being greater in the crossbreds (15.1 hours) than in the Tasmanian Merino ewes

(11.9 hours). These observations agree with those of Thimonier and Peiletier

(1971) and Land, Peiletier, Thimonier and Mauieon (1973). These conclusions

agree with those arrived at by Land, Wheeler and Carr (1975) who showed that

ovariectomised Finnish Landrace ewes are more likely than ovariectomised

Scottish Blackface ewes to show oestrus in response to an injection of oestrogen,

but the Scottish Blackface were more likely to show an elevation in their

peripheral LH concentration similar to that observed prior to ovulation in the

intact ewe. They also showed a definite seasonal variation in both the responses,

display of oestrus and elevation of LH concentration, to oestrogen. These data

also agree with those presented by Land, Thompson and Baird (1972) which

showed that the oestrous response of ovariectomised Finnish Landrace ewes to

standard doses of oestrogen was significantly greater (P < 0.05) in duration thah

the oestrous response of ovariectomised Scottish Blackface ewes (1.92 compared to

1.52 days respectively).

These studies have indicated that the factor that limits the ovulation rate

is the sensitivity to oestrogen of the hypothalamic centre responsible for the

stimulation of the release of the pre-ovulatory surge of LH from the anterior

pituitary. While the administration of gonadotroph ins (e.g. PMS) at the

appropriate time will increase the ovulation rate, the response has been found to

be variable and there is the possibility of the formation of antibodies to these

hormones after repeated use. The data reported here indicate that delaying the

release of the pre-ovulatory surge of LH may increase the ovulation rate by
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allowing a greater number of follicles to develop to a pre-ovulatory stage before

the secretion of oestrogen rises to that necessary to stimulate LH release. In

theory, it is possible that a chemical may be found that, when administered at

the appropriate time, will bind to the hypothalamic oestrogen receptor sites,

thereby blocking them from oestrogen, without stimulating the release of LH.

The release of LH will then be delayed until a larger number of follicles have

developed to secrete sufficient oestrogen to overcome the effects of the blocking

chemical. Research aimed at testing this theory and identifying such a chemical

could enable the litter size to be increased with the minimum disturbance to

the ewe's physiology. Another aspect is to measure the sheep's sensitivity to

oestrogen in order to select animals with the desired sensitivity and consequent

prolificacy. It has been shown that the 11 week old lamb will release LH

following the injection of oestrogen (Thimonier, Pelletier and Land, 1972), if

the adult differences in prolificacy are reflected by differences in sensitivity to

oestrogen at this age it would enable the selection of ewes of desired prolificacy

at an early age.

Evidence as to the nature of the distinction between the breeding season

and the anoestrum was provided by inducing luteal regression in four ewes with

ovarian autotransplants in June-July (9U6, OU75, OU77, D425), i.e. during the

seasonal anoestrum. The pre- and post-PGF2(JC infusion secretion rates of
progesterone and oestradiol-17^ and the percentage change were comparable

in these four instances to those in the nine instances following which ovulation is

presumed to have occurred, the nine instances all being during the breeding season.
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The pre-infusion LH concentrations were similar in June-July to those during the

breeding season. The pre-infusion oestradiol-17yff secretion rates were lower

in June-July than in the breeding season, though the difference is not

statistically significant. The first difference between the instances in which luteal

regression was induced during the anoestrum and during the breeding season, the

latter group being followed by ovulation, is the absence of elevated oestradio- 17^
secretion rates in June-July, indicating the lack of growth and development of

pre-ovulatory follicles. The absence of maturing follicles was not due to a

deficiency of LH or a lack of follicles during the anoestrum as indicated by the

subjective, macroscopic examination of intact sheep at laparoscopy and the

presence of oestradiol-17^ secretion in these instances. While it can be

concluded that the lack of reproductive activity in these four instances was due

to the failure of follicles to undergo the final stages of growth and development,

as indicated by the low oestradiol-17^ secretion rates, the cause of this

failure cannot be identified from the present data. However, the present data do

suggest that the cause is not a lack of LH or follicles.

While the above explanation of the failure of ewes with autotransplanted

ovaries to exhibit reproductive activity following luteal regression during the

seasonal anoestrum appears quite straightforward in that the failure of the

reproductive cycle is attributed to one event, i.e. the finbl stage of follicular

growth and development, it does not appear to fully explain the transition from the

breeding season to seasonal anoestrum in intact sheep. The above explanation

would suggest that the final event of the breeding season is ovulation and corpus
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luteum formation that is followed at the normal time by corpus luteum regression

and subsequent failure to re-ovulate. While this would account for 87.8% of the

final events of the breeding season in intact sheep where the final eventcf the

breeding season was observed to be ovulation and corpus luteum formation with

(63.6%) or without (24.2%) concurrent oestrus, and luteal regression at the

normal time, in the remaining 12.1% of the instances oestrus was observed, but

no corpora lutea were found at the subsequent laparoscopy. This would suggest

that post-luteal follicular growth and deeelopment proceeded to such a stage

that sufficient oestrogen was secreted to stimulate the exhibition of oestrus and

either (1) follicular growth and development failed to proceed further with the

result that insufficient oestrogen was released to stimulate an ovulatory discharge

of LH; or, (2) follicular growth and development proceeded normally but that

the sensitivity of the ovulatory centre was reduced with the result that an

ovulatory discharge of LH was not released in response to the otherwise normal

oestrogen levels; or, (3) follicular growth and development proceeded normally,

the increased oestrogen secretion stimulated an ovulatory discharge of LH and

ovulation occurred but the establishment of active corpus luteum was impaired.

Land, Wheeler and Carr (1975) have shown that the sensitivity to oestrogen

varies during the year such that the display of oestrus and the release of LH

similar to that found preceeding ovulation is less likely to occur in response to the

same dose of oestrogen during the anoestrum compared to during the breeding

season.

The specific cause of the failure in the reproductive cycle resulting in
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the seasonal anoestrum was not identified, but it was suggested that it was due to

a lack of follicular growth and maturation following luteal regression, possibly due

to a lack of circulating FSH. The assay of FSH in plasma or serum during different

seasons of the year would demonstrate the validity, or otherwise, of this theory.

Yeates (1947) first demonstrated that the timing of the breeding season of

the sheep is regulated by the photoperiod. The activity of the mammalian pineal

has been found to be modified by the light in the animal's environment and

melatonin, one of the secretory products of the pineal, has been shown to modify

anterior pituitary activity and gonadotrophin secretion (Wurtman and Anton-Tay,

1969). It has recently been suggested, based on work in the rat, that a seasonal

variation in the photoperiod could cause, via the pineal, a seasonal variation

in basal gonadotrophin secretion with a consequent variation in reproductive

activity (Yochim and Wallen, 1974). This hypothesis appears promising and it

may be shown to be the mechanism by which the seasonality of reproduction in

the sheep is regulated. Once the physiological cause of the seasonal anoestrum

is identified it should be possible to induce reproductive activity outside the

normal breeding season by rectifying the point of failure rather than by using

relatively crude methods such as administering PMS and HCG.

The majority of Scottish Blackface's oestrous cycles were 16 or 17 days in

length, with a few of 15 and 18 days long. The Finnish Landrace sheep showed

a similar distribution though with more cycles a little longer, with the result

that the modal duration is clearly 17 days with rather more 18 days long and a

few cycles with longer durations. However, the durations within the Tasmanian
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Merino ewes were rather longer and more scattered with most cycles between 17

and 20 days in duration and discreet group of cycles 24 and 25 days long. These

observations would suggest a difference between these Tasmanian Merino sheep

and the ewes of the other two breeds in the control of their oestrous cycle and

should be worth investigating in its own right as the identification of the cause

of this variation tnay well enable the control of the normal oestrous cycle to be

better understood.

The mid-oestrous cycle peripheral progesterone concentration showed

a distinct seasonal variation, a pronounced peak occurring in November (1972)

for all three breeds. The variations within each of the three breeds are very

similar despite the large differences in the timing and durations of their

breeding seasons, the cause and significance of this similarity is not clear from

the present data. However, because the peak in the peripheral progesterone

concentration occurred at the same time in all three breeds, it would not be

unreasonable to expect that the marked increase in the progesterone concentration

was stimulated by an environmental factor, possibly the low temperatures that

were prevailing at this time. This possible relationship could be investigated

with little difficulty and could yield useful information on the short term effects

of the environment on reproduction.

The pre-ovulatory increase in the ovarian secretion of progesterone

described hae shows that functional luteinisation, as well as morphological

luteinisation, commences before ovulation, and fiot following ovulation as is

usually believed. It is clear that the endocrine control of luteinisation and the
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inhibitory effect of the ovum is not fully understood and therefore study during

the pre-ovulatory period may be most rewarding.

The corpora lutea of the autotransplanted ovary have been shown to

persist and to continue secreting progesterone for a period in excess of 220 days.

A decreased peripheral concentration of the progesterone was found during the

summer months corresponding to the seasonal anoestrum of the intact ewes of

the breeds involved. A decreased secretion of LH could explain this

phenomenon as a reduction in the endogenous LH using antisera to LH has been

shown to reduce ovarian progesterone secretion in the ewe (McCracken, Baird

and Goding, 1971). However, no seasonal variation in the LH concentration

was found in the pre-PGF2 ^ infusion samples collected from ewes with
autotransplanted ovaries, though the data were very limited. The peripheral

LH concentration in ovariectomised ewes has been found to be greater during the

breeds' anoestrum than during the breeding season (Land, Wheeler and Carr, 1975),

indicating that the observed variation in the peripheral progesterone concentration

in ewes with autotransplanted ovaries and maintained corpora lutea is probably

not due to a seasonal variation in the release of LH. The failure of these

autotransplanted corpora lutea to regress emphasises the necessity of the normal

uterine-ovarian relationship for cyclic reproductive activity. This failure also

concurs with earlier work that has shown that cyclic and parturient regression of

corpora lutea in sheep is not due to the corpora lutea reaching the end of an

inherent, pre-determined lifespan.

It would be interesting to determine how long these maintained corpora
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Iutea will continue to function and, if a cessation of function does eventually

occur, what the cause of such a cessation is.
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Appendix on the statistics of the progesterone,
oestradiol- 17f> and LH radioimmunoassays
used in this study.

Progesterone radioimmunoassay

The progesterone assay method used was, as far as was

practicably possible, a duplicate of that described by

Scaramuzzi, Corker, Young and Baird (1975), and was

established,following a visit to their laboratory at the M.R.C.

Unit of Reproductive Biology in order to familiarise myself

with their method, at the A.R.C. Animal Breeding Research

Organisation.

The efficiency of the recovery of progesterone from the

plasma samples was calculated individually for each plasma

sample by adding tritiated progesterone (2200 cpm) to each

plasma sample before extraction and taking an aliquot of the

extracted material for scintillation counting. The recovery



- 2 -

varied with the volume of plasma extracted, the means being

62.8%, 65.9% and 72.3% following the extraction of 200 jA

(n = 1528), 100 /A (n = 226) and 50 /A (n = 72) of plasma

respectively. The coefficients of variation are 17.6%,

13.0% and 13.0% respectively, these figures representing

the variation both within and between assays.

Within and between assay variability were assessed by

including control samples in each assay either in duplicate

or in quadruplicate. Two control samples were used, aliquots

of plasma obtained from a sheep on Day 10 of the oestrous

cycle were assayed where the unknowns were peripheral

plasma samples; aliquots of an ovarian venous plasma pool

were included where the unknowns were ovarian venous plasma

samples. The mean progesterone contents (- S.E.) were

5.29 - 0.40 ng/ml (n = 13 assays) for the peripheral plasma

and 100.28 - 4.12 ng/ml (n = 12) for the ovarian venous

plasma pool. The blanks for 200 /A samples taken through

the method are 0.438 - 0.091 ng/ml (n = 19) for plasma from

anoestrous sheep and 0.323 - 0.092 (n = 19) for buffer.

Duplicate samples of plasma from an anoestrous sheep

containing known amounts of added progesterone were

included in each assay. The addition of 0, 0.5, 1 .0, 2.0,

5.0 and 10.0 ng/ml gave assayed levels of 0.438 - 0.091,

0.797 - 0.112, 1.322 - 0.164, 2.253 - 0.173, 4.980 - 0.319

-}- -f-
and 9.942 - 0.501 ng/ml (means - S.E.,n = 19 for each value)
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respectively. Regression analysis gave an intercept of

0.353 ng/ml, a gradient of 0.952 and a correlation

coefficient of 0.9998 (P< 0.001) indicating that added

progesterone may be accurately estimated by this method.

The mean minimum detectable dose was found to be

-J- -f-
0.214 - 0.059 ng (- S.E.; n = 25). The mean gradient

-1
estimate of the dose response curve is - 0.790 log. ng

with a mean 50% estimate of 125 pg.

74 peripheral plasma samples were assayed by both

the present method and by a competitive protein binding

method. After transformation to logarithms, no difference

was found between the two sets of estimates using a paired

Student's "t" test (P > 0.20), a strong relationship being

indicated by a high correlation coefficient (r = 0.8978,

P < 0.001).

Oestradiol-17^ radioimmunoassay

The oestradiol- 17,0 radioimmunoassay was based

upon the sheep antiserum to oestradiol-6-BSA described by

Scaramuzzi, Corker, Young and Baird (1975). The assay

was actually used in their laboratory at the M.R.C . Unit

of Reproductive Biology, though the following data on the

statistics of the assay pertain only to the twelve assays in

which the samples described in this thesis were assayed.

The specificity of the antiserum has been detailed and

discussed by Scaramuzzi, Corker, Young and Baird (1975).
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The recovery of tritiated oestradiol-17ft was determined
"f" ~f"

in each assay, the mean efficiency (- S.E.) being 93.1 -

0.99% (n = 11) with a coefficient of variation of 3.53%. Six

aliquots of a sheep plasma pool were assayed as controls in

each assay. The overall mean (- S.E.) is 134.07 - 2.99

pg/ml (n = 72). The coefficient of variation of the control

value within each assay varied from 2.57% to 23.07%, the

mean being 9.27%. The dose response curve was

consistently linear over the 10 to 200 pg range (the amount

of radioactivity bound at these dose levels being 85 and 20%

respectively of the amount of radioactive oestradiol-1 7/»

bound with no unlabelled oestradiol-1 7/» present). The

mid-range (50% intercept) varied between 40 and 52 pg with

a mean (- S ,E.) of 45.83 - 1 .014 (n = 12) and a coefficient

of variation of 7.66%.

LH radioimmunoassay

The LH radioimmunoassay system and the method of

analysis has been described in detail by Cam and Land

(1975). The assays performed in the course of obtaining

the data presented in this thesis were performed under

Mr. Carr's supervision in his laboratory at the A.R.C.

Animal Breeding Research Organisation. The reference

preparation NIH-LH-S17 was used as the standard. The

purified LH preparation used as the label was labelled

125
with I by a chloramine-T method modified from that

described by Greenwood, Hunter and Glover (1963) and was
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found to have a relative potency of 1 .6 and to behave in an

identical manner to the M3 preparation of Jutisz and Courte

(1968) in the assay system. Tests for specificity showed

a satisfactorily low cross reaction with TSH (NIH-TSH-S6),

FSH (NIH-FSH-S9), prolactin (NIH-P-S9) and growth

hormone (NIH-GH-S10), this aspect having been discussed

in detail by Cam and Land (1975).

The radioimmunoassay results were computed using

a programme derived from that described by Rodbard and

Lewald (1970) which gave the estimated potency and the

95% confidence limits for each sample. Assaying each

sample at three different dilutions allowed tests to be made

for the linearity of the unknown curve, the non-null

regression of the unknown curve, parallelism of the

unknown and standard curves and the homogeneity of the

variance of the unknown samples and the standards. Where

the results failed to meet these criteria the appropriate

samples were re-assayed.

Blood plasma was found to change the slope in the

dose response curve, this effect being minimised by the

use of a diluent containing bovine serum. The resulting

plasma effect was small (a 10-20% increase in the potency

estimate) and affected only those samples containing

little LH (<10 ng/ml) and therefore assayed at high

concentrations (20, 10 and 5%).



The optimum range of the dose response curve

extended from 0.05 to 2.0 ng LH. Within assay drift was

always monitored by including at least two batches of

standards in each assay. The minimum detectable dose

in most assays was 50 pg/tube or less. The effects of

between assay variation on the results were minimised

by including all the samples from one animal in a single

assay.
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