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ABSTRACT

Improvement of litter size (lambs born/ewes lambing) 1in
sheep is difficult for several ;easons, The experimental results on
direct selection for litter size, coupled with generally low
estimates of genetic parameters of litter size led to widespread
interest in the use of indirect selection criteria for genetic improvement
of Titter size. It has been argued that ovulation raté is the main
>[1imiting factor to improve reproduction rate in sheep. The
-understanding of ‘the physiological basis of gehetic variation in’
ovulation rate would allow development of physiological criteria for genetic
improvement of ovu]atioh rate and development of reliable means of
phenotypic modification of gonadal function. Literature on the in-
direct methods of selecting for litter size is reviewed with emphasis‘
on the ovulation rate. Postulated physiological methanism of between
- breed variation in ovulation rate in sheep, the variation 6f the
sensitivity of the hypothalamus/pituitary to negative feed-back of
- gonadotrophin release, is further investigated ahd_its genetﬁc nature

is examined.

In passive immunization studies gonadotrophic releasing
patterns were studied in 5.groups of Welsh Mountain sheep (10 each)
before and after passive immunization against oestrone (E]),
.oestradio1 J;B (E2), androstenedione (A), testosterone (T) and
.'_Contro1 (C). Immunization against all four steroids increased the
LH pulse frequency and mean LH levels. FSH levels were increased
only in the group immunized against E] and E2. However, after 12-15

hours the trophic and negative feed-back system tended to equilibrate



Immunization against all four sterdids increased the ovulation

rate significantly. It also slightly changed the oestrous cycle

length. Number of animals showing oestrus also were affected by

the high antibody titres. The lambing percentage was increased after

N immunization against testosterone. The half life of the four antibodies

in the circulation varied from 12-16 days.

In the between breed study of the hypothalamic sensitivity

to negative feed-back in Scottish Blackface and Finnish Landrace

sheep the -basal LH levels, LH pulse frequency and FSH Tevels were

studied befofe and after insertion of si]asticnéestradia1 implants.

The ovulation rate and the number of animals ovulating were studied

after implant insertioﬁ.' In this study the previous finding of

between breed variation in hypothalamic/pituitary sensitivity to negative
feed-back of gonadbtrophin release was confifmed and extended the findings

to LH pulse frequency, basal FSH levels and to intact animals.

In the mouse study the direct effect of the oestradiol 178
antiserum on ‘the ovulation rate was studied. The heritability of the
hypothalamic pituitary sensitivity to negative feed-back was estimated
by offspring parent regression. Passive immunization against E2 increased
ovulation rate significantly. The heritability estimated was not

significantly different from zero.

R in the concluding section the results are discussed and
prospects for further research are outlined. It is argued that the
most fruitful approach for developing physiological selection criteria
for increasing ovulation rate is to study the within breed or

strain physiological basis of differences in ovulation rate.
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Chapter 1:  Introduction

1.1 Reproduction is one of the most important considerations bqth

in animal production and breeding. Improvement of litter size in
polytocous livestock species offers one ofithe greatest opportunities

for increasing both biological and economic efficiency (Blaxter, 1968;
Dickerson, 1970). In addition to the,direct économic impact of more
offspring on profit 1arge litters allow gréater‘selection intensities for
other traits and therefore have an important effect on genetic

improvement.

In both wool (Turner, 1969) and meat (Meat and Livestock
Comhission, 1972) production systems female reproductive performance in
sheep is a major breédfng goal. Attempts to increase litter size by
direct selection have had limited success, although the potential benefits
from such increment have kept interest in its improvement high.

Results from several selection experiments using different breeds of sheep
show rather Tow response to selection, in the order of 0.01-0.02

lambs per yeék compared with the unselected controls (Clarke, 1972;
Hanrahan and Timon, 1978; McGuirk, 1976; Tufner, 1969; 1978).
Selecting highly prolific ewes out of a large population made up of a
number of breeds (Owen, 1975) has led to a new prolific strain, but its
development has not been well documented. Difficulty in improvement of
litter size in livestock and laboratory animals has been attributed to
several reasons: the character is sex limited hence the se1ecfion
inéensify is low; it is discrete rather than continuous and has a

low heritability although it has a high coefficient of variation; litter
size can only be measured after the first litter which lengthens the

generation interval. In addition in swine and mice, there are negative



environmental correlations between the daughter's and dam's litter size
(e.g. Falconer, 1960). Lastly lTow reproduction rate itself limit

the selection pressdre that can be applied on the litter traits.

The experimental results on diréct selection for litter
size, coupled with generally low estimates of genetic parameters (see,
Turner, 1969 for sheep, Legault, 1970, Ollivier and Bolet, 1981, Lush
~ and Mollin, 1942 for pigs and Joakimson and Bakéf, 1977 for mice)
of-litter size led to a widespread interest in the use of indirect selection

criteria for genetic improvement of litter size.

It has been argued (Bradford, 1Y72) that ovulation rate is the
main 1imiting factor to improve reproductive rate in sheeb. Land (1974)
proposed the use‘of bhysio]ogica] traits related to litter size as direct
selection criterialfor improving litter size. Bradford (1972),
Hanrahan (]974} and Land (1974) argued that litter size would increase
as a correlated response to increase ovulation rate in sheep at least in
the breeds with low ovulation rate. Work done in sheep, pigs and in

the laboratory mouse show that. there is considerable amount of genetic

variation in ovulation rate.

This study was undertaken to investigate the underlying
physiq]ogica] mechanism of genetic variation iﬁ ovulation rate.
Identification of physiological criteria for genetic improvement of
litter size and development of reliable means of phenotypic modifiéation
of gonadé] function (i.e. superovulation) are related longterm goals

of the study.

The following section presents a review of pertinent literature

available from the sheep, the pig and from the laboratory mouse.



1.2 Direct Selection for litter size

Current schemes for improving reproductive rate in sheeb involve
selection of females on their own performance (supplemented by information
on female re]afives) and selection of males on the basis of female
relatives, generally on dams performance (MLC, 1972; Turner, 1976).

The criterion for selection has been fecundity and assessed as the
number of offspring at birth. Direct selection for increasing litter
size in sheep has had Timited success (Hanrahan and Timon, 1978;
McGuirk, 1978; Turner, 1962 gnd Wallace, 1958). Owen (1976) has
reported a development of a new prolific strain by selecting highly
prolific ewes from a large population made up of numbér of breeds.

| Turner (1978) also observed a higher response to direct selection in
reproductive rate in an initially selected population for fecundity
and showed that the initial selection of the base population made a
major contribution to the higher response to selection. However

the details of the above two procedures have not been well documented.
A similar approach has also been proposed for increasing litter

size in pigs (Legault and Grand, 1976, Legault, Grand and Bolet, 1981)
whereby replacement stock are selected from exceptionally prolific
dams. In general response to direct selection in sheep has been low.
Bradford (1972), Bindon and Piper (1976), Land (1974) and McGuirk (1976)
also concluded that it would be di%ficu]t to achieve worthwhile gains

in direct selection for reproductive rate.

Results of direct selection for litter size in pigs are
few.  However, 0Olliver (1973) reported a realised heritability
estimate of 0.25+0.37 after five generations of selection. In the

same experiment after 10 generations of selection there was no significant



total response in numbers born in the first two .litters (Olliver and
Bolet, 1981). In view of the large sampling errors inc]udéd in the
estimates and the range of heritability estimates in the ]iterature;'
the response to selection in pigs can be expected to be rather

variable and low.

There have been several experiments to investigate the
genetic control of litter size in mice (Falconer, 1960; Bateman, 1966;
Bradford, 1968, Bakker, Wallinga and Politiek, 1976; Joakimson and
Baker, 1977; Eisen, 1978). It was hoped that the results might have
application, which could be applied to imprd&e fertility in livestock
species particularly in sheep and pigs. The experiments have varied in
the selection cirteria used, the method of selection and population
size. The realised heritabilities reported ranged from 13% to
22% with a mean of about 16%. The mice data show that the litter
size can be changed by genetic selection but in sheep and pigs in. view
of the rather lower heritability estimates and fhe experimental results,

response of the same rate are unlikely.

1.3 Heritability estimates

Heritability estimates reportedifof litter size in.sheep are
quite low. Young, Turner and Dolling (1963) found the heritgbility
of number of Tlambs born‘at the two year old lambing to be negligible.
However'fhey reported a value of 0.35 for 3 year old lambings.
Purser (1965) reported a much lower value for British hill sheep breeds.
Reviews by Bradford (1972) and more recent]& Bindon and Piper (1976)
both concluded that-the upper 1imit of heritability of litter size in

sheep is of the order of 15-20%. In general repeatability estimates
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reported for sheep are also low. In some cases repeatability estimates
are lower than the heritability. Bradford (1972) postulated that
this might be due to a negative environmental correlation between

consecutive records.

There are number of heritability estimates for litter size
in pigs. There is good agreeemnt between the two studies involving the
A]érgest collection of data. Strang and King'(1970) from 38,000
-~ Titters and Legault (1970) from 5,898 daughter dam.pairs estimated the
heritability to be 0.07+0.02 and 0.08+0.035 respectively. Lagault
(1976) reviewed.the available hefitabi]ity estimates for pigs and his
summary heritability estimates range from -0.11 to +0.59. He suggested
that the most probable mean estimate to be 0.10. Smith and Strang -(1979)
re-analysed fhe data of Strang and King (1970) using half-sib analysis
and the estimates of heritability obtaiﬁed were lower than that obtained
from daughter dam regression. In most instances where the heritability
estimates are considerably higher than 0.10, these estimates are based

on relatively few animals and/or are accompanied by large.standard errors.

Falconer (1965), Bradford (1968) anﬁ Joakimson and Baker (1977)
obtained realised heritability estimates of 0.17, 0.13 and 0.18 respectively
for increasing litter size in mouse selection experiments. Some attempts
have been made to explain the reasons for the low heritability of
litter size. The most common explanation is that litter size, being
a fitnesﬁ_re]ated trait, has long been subjected to natural selection
and as é.consequence the genetic variability has been reduced.

Fa}coner (1960) suggested that with‘mice a negative environmental correlation
exists between daughter's and dam's litter sizes. Under this hypothesis one

would expect ]itf]e similarity between dam and daughter but relatively more



between daughter and granddam and among half-sibs. Revelle and

Robison (1973) in an attempt to distinguish between possible genetic

‘and maternal effects in gilt litters compared heritability estimates based

ibn daughter-dam regression (.13+.06, 750 pairs) and grand daughter-
i,.granddam'regression (.28+.26, 530 pairs). A]fhough the results weren
not conclusive in-view of the high standard errors of the estimates,
- the mean eétimate provided some evidence of a negative maternal effects.
[‘Latgr these findings were confirmed by other workerg (A];ing, Krippl and
’ i‘Pjrchner, 1979; Vangen, 1980). Nelson and Robison (1973) also

3 qemonstrated negative environmental correlation between the mother's

'and daughter ¢ 1itter size using cross fostering experiment in pigs.

" Vangen (1980) recently obtained higher heritabilities of litter

. size from daughter—granddém than daughter-dam regression, although with

large standafd errofs, and argued that this resulted from the negafive
maternal correlation between generations. He also indicated a declining
‘i_negative covariation between the mother-s1itter and offspring'slitfer

~ size with increasing parity.  Falconer (1964) indfcated that the

negative covariation between the mother'sand daughter'slitter size arise

- primarily through effects on the ovulation rate of the daughter.

1.4 Indirect selection for litter size

The earliest literature on the indirect methods of selection
for increasfqg prolificacy are on the traits which had no known

 physi0]0gica]'re1ationships with the reproductive traits.

.~ 1.4.1 Face cover in sheep

Several workers reported phenotypic re]atiohships between




face cover and prolificacy (Terril, 1949; Shelton, 1957;' Fail and Dun,
1965, Hayland and Turner, 1966). However, Kennedy (1959) reported
negligible phenotypit and genetic correlations between face cover and
reproductive rate. . Turner (1969) concluded from the available 1iterathre.
that the face cover is not of any value as an indirect selection

criteria to raise reproductive rate in sheep.

1.4.2 Degree of skin wrinkles and skin folds

There are a number of reports on the relationship between
skin wrinkles and reporductive rate in merino sheep (Dun, 1964;
Dun and Hamilton, 1965; Fowler and Dun, 1966). Using photographic
standards Kennedy (1959) reported a significant negative phenotypic
correlation bﬁt a posifive non-significant genetic correlation between
skin wrinkles and the number of lambs born. Dun and Hamilton (1965)
analysing the resultsAwith hot room experiments concluded that the wrinkled
ram contributed to the lowered reproductive rate as they are_unab]e to

control the scrotal temperature if joined under hot conditions.

1.4.3 Fleece weight

Attempts have been made to calculate the genetic correlation
of fleece weight with reproductive rate in sheep but the estimates
are not consistent in sign.  Young and Turner (1965) reported a
negligible correlation between wool weight at 15-16 months and the
number of lambs born or weaned in 2-4 year Merino ewes. ~ A number of
workers have reported neQative genetic correlations between fleece weight
and the number of lambs born (Shelton and Manzies, 1969; Ray and Chang,

1955).  Genetic correlation estimates from British breeds were quite



variable and low (about 0.1). All these estimates were not significant but

most of them were consistently negative.

1.4.4 Body weight

There is general agreement in the literature that body
weight is important in relation to reproductivevrate in sheep.

Young, Turner and Dolling (1963) and Purser, (1965) _reported. the genetic

" correlation between ewe weight and lambs born to be 0.20 and 0.57

respectively. However Turner (1969) working on available genetic
correlations and heritability estimates for the two traits showed that
direct selection is more éffective in increasing litter size than the
indirect selection on body weight. Moreover increasing body size

would not be acceptab]é as a selection criterion for increasing prolificacy

because of the increasedmaternal feed cost.

1.4.5 Cannon bone length

Purser (1980) reported 20% more lamb production in a Scottish
Blackface line selected for higher cannoh boné length, compared with
the control unselected line. He also pointed out the similar
association between breeds. Many of the breeds with long thin bone
structure (of which Finnish Landrace is an extreme example) are highly
prolific with low lamb mortality. Other breeds with short thick bone
structure (such as British down breeds) are less prolific. Hdwever
there we}e differences in body size in the two lines, the long cannon

bone line being heavier.



1.4.6 Single genes

The majority of reproductive characters can be assumed to
be controlled by a large number of genes each having a small effect.
A small number of associations have however been demonstrated between

" reproductive rate and single loci with two or more alleles.

Association between the reproductive performance of sheep with
readily distinguished haemoglobin (Hb) types has been investigated
in some sheep breeds. King, Evans, Harris and Warner (1958) found
in a flock of Scottish Blackface thaf the ewes carrying the gene for
B Hb type (Hb B) produced more lambs at weaning than other types although
Hb.B gene was not common in that breed. In a flock selected for
high and Tow fecundity Hb type A ewes produced fewer lambs than the
Hb type B and AB ewes (Evans and Taner, 1965).  Subsequently the
above finding was confirmed by several workers (Bernoco, 1967, 1968,
Dassat and Bernoco, 1968, Seth ]968, Arora, Acharya and Kakar, 1971).
Recently same findings was repeated with very large number of records
(Hall and Purser, 1979). From the available-literature it appears
that selection for Hb.B allele could increase pfo]ificacy in sheep.
However there are genotype x environment interaction in Hb type
- and reproduction (Obst and Evans, 1970). It has been postulated,
using data from the original CSIRO sample of 14 Booroola ewes and their
19 daughters that exceptional fecundity of this breed is due fo a major
gene or closely linked group of genes(Piper and Bindon, 1980). The
segretation criterion was a set of triplets dt least once in the lifetime

of a ewe.

In pigs also some associations have been shown between reproduction

and single Toci with two or more segregating alleles. For example, matings
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involving heterozygotes for the "G" allele at the serum transferin locus
(TfG) have been shown to reduce litter size by 1.4 pigs, possibly:

due to linkage with a lethal gene (Imlah, 1970). More recent

studies with halothane test have shown a reduction in litter size in
halothane positive recessive homozygote (HAL"") animals (Webb, 1980).
Single gene associations may be a potentially useful aid to selection for
reproduction as such genes can be identified in both sexes at a very

early age (Smith and Webb, 1980).

1.5 Characters having direct physiological relationships with

reproductive traits

Land (1974).discussed the possibility of using the underlying
physiological variables in genetic improvement of reproductive
performance. Reproduction is sex limited but not sex linked, although
phenotypic variation is exhibited by only one of the sexes, genetic
variation exists in bothi It is possible that this genetic variation
‘gives rise t& physio]ogicé] variation even in animals where it is not being
expressed as litter size. Osmond (1980) devéloped this approach
for selecting for milk production in cows, a trait which again has a

restraint of sex limitation and a long generation interval.

It is possible to relate prolificacy of males and females
in view of the common physiological pathways underlying the exbression
of male_and female reproductive activities. It is well known that the
same gonadotrophic hormones,fo]]ic]e_ " stimulating hormone (FSH) and
Luteinizing hormone (LH) are controlling the reproductive activities in
both sexes. Common physiological componeﬁ%s in reproduction in ma]es

and females have been considered as a mean of overcoming the problem of
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sex limitation (Land, 1974).

1.6 Male characteristics

Land (1973) working with mice highlighted the fact that
the female reproductive characters are not sex limited and showed that

male criteria could be used to select for female prolificacy.

1.6.1 Testis Growth

The comparison of testis growth of lambs %rom breeds and
crosses wfth varying reproductive characters provided the first information
on the covariation between male and fema]eAreproductive characteristics
(Land, 1973). . From this information he suggested that testis growth
in lambs may be used as a simple measurement of circulating gonadotrophins.
Carr and Land (1975) found a-significant correlation between plasma LH
and testis diameter. They suggésted that combination of plasma LH
levels and ‘testis diameter may form a basis of a suitable selection
'critéridnfbr selecting males for prolificacy. Hanrahan (1974) and
Land and Sales (1974) concluded that testis weight and testis diameter
are associated with natural prolificacy. Although between breed studies
show such an association, similar association have not been demonstrated

within breeds (Bindon and Piper, 1976)

1 Bindon and Piper (1976) indicated that the testis growth
“in the ﬁa]e is the most promising character for several reasons: it
‘ may be measured directly in the male, it may be measured early in
1ife, measurement is simple and jt's heritability and genetic correlation
with ovulation rate are high in the mouse, initial estimates for sheep

also appear high and it is known to be directly dependent on FSH and LH
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and in this sense it is the counterpart of ovulation rate in ewes.

Preliminary work by tand (1977) indicated a correlated -
response in percentage ovulation rate and litter size on selection for
testicular growth in sheep.  However, Laﬁd (1978) subsequently stated
that although four generations of selection for testicular diameter led
to a change in 2.6 standard deviations in the trait, by -far the
T _;;most notable change in female reproductivé perfbrmance was an early onset
“'Uf preeding season. When the litter size responsed to long term

se]ection,Hanrahah and Quirle (1977) did not observe any associated

change in testis diameter up to 17 weeks of age.

There is also evidence in pigs (Proud, Donovan, Kinsey,
Cunningham and Zimherman, 1970) that the selection for ovulation rate
in sows resulted in a corresponding change.inuaduhi-testis size of boars.
In mice when the selection was done on testis weight a response was observed
in testis weight,'but the correlated responge in ovuTation rate was not
accompanied by a response in litter size. The genetic correlation between
the two traits and the heritability of the testis size were both in the
region of 0.5 (Islam, Hill, and Land, 1975). 1In a mouse selection
experiment positive correiated response was observed in testis

weight following selection for litter size (Joakimsenand Baker, 1977).

1.6.2 Sexual Behaviour

. Intensity of sexual behaviour in adult and young rams of
different breeds was associated with the reproductive performance of
the breed (Land, 1970; Land and Sales, 1977). However, Land (1978)
from within breed data indicated thay it would be difficult to incorporate

male behaviour as a quantitative criteria for a selection programme.
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Aithough some of the male characteristics have been shown
to be correlated with female reproduction none of the characters haVe

shown to be directly associated with Titter size.

1.7 Female characteristics

A number of characteristics related to reproduction have
been studied in order to understand the underlying physiological basis
of genetic variation in reproduction. Identification of such
criteria would allow animals to be'selected on the physiological
characteristics for increasing ovulation rate and thereby the litter

size.

1.7.1 Ovulation rate

The number of young born per litter is determined by ovulation -
rate (excepting monaygote twinning)and also the losses between
fertilisation and parturition. Bradford (1972) concluded that the
‘number of ova shed and fertilised is the limiting factor to the
present level of reporductive performance in sheep. Selection for
increased litter size in sheep led to a positive correlated response
in ovulation rate (Packham and Triffit, 1966; Bindon, Chang and
Turner, 1971; Hanrahan, 1980) indicating a genetic correiation between
ovulation rate and litter size in sheep. VRobertson (1976) showed
that the‘iitter size differences between Booroola Merino x purebred
. Méfino and purebred Merino was due to differences in ovulation rate.
Thus, within breed selection response, breed and crossbred differences
in Titter size have been accounted for by the corresponding ovulation

rate differences. Furthermore Falconer (1963) and Joakimsen and Baker (1977)
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reported that the positive response to direct selection for litter size

in mice was due mainly to a correlated response in ovulation rate rather
than decreased number of loss of fertilised ova. The increase in

"litter size obtained by superovulation (Newton, Betts & Large; 1970) and
transfer of embryos in excess of normal ovulation rate (Moore, 1968, Brad-
ford, Taylor, Quirke and Hard, 1974, Hanrahan, 1980) also provided
evidence that the ovulation rate is the primary limiting factor to the
litter size in sheep. Hanrahan (1974) discussed the use of ovulation rate
as a selection criterié for increasing litter size in sheep by using the
technique of 1abaroscopy to record the ovulation rate.. This

technique can be used to record the natural ovulation rate without having
adverse effects on the subsequent ferti]ity. Ovulation rate as a
selection criteria presents two definite advantages over litter size. "
Repeatability and heritability of ovulation rate are probably higher than
the litter size and also the trait could be assessed in sheep earlier

than litter size. Hanrahan (1974) theoretically studied the genetic

gain in litter size achieved on selecting for ovulation rate on three
repeated measurements and predicted that the genetic gain in litter

size is at least two fold higher than achieved by direct selection, on the
assumption that uterine capacity is not limiting, the genetic

correlation between early and subsequent ovulation within a season is
close to unity and the repeatabilitylof ovulation rate is high.

There are quite a number of repeatabi]ity estimates reported for

ovulation rate and they are remarkably different both between and

within breeds.

Hanrahan (1976) did not find significantly different

repeatability estimates, for between and within years, and he pooled the
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estimates. His results are given in Table 1.0 with corresponding

repeatabi1ity estimates for litter size.

Table 1.0. Repeatability of ovulation ratée and litter size in four

sheep breeds (from Hanrahan, 1976).

Breed Ovulation rate Litfer size
| r df r - df
Finnish Léndrace 0.66** 109 0.07 188
Galway 0.15* 135 0.20* 707
Fin Galway 0.15* 79 0.06 99
High Fertility | ~0.78* 32 0.13 79

*P<0.5  **P<0.01

(Repeatability estimates for the ovﬁ]ation rate are pooled estimates,
between and within years).

Although repeatability estimates on ovulation rate in sheep have been
available for a long time (McDonald and.Chang, 1966; Hullet énd Foote,
1967), most of the genetic studies on ovulation rate have been

started quite recently. Hanrahan (1980) published the heritability
estimates for ovulation rate in sheep. . His results are sﬁown in the
table (1.1). Half-sib analysis yielded rather imprecise estimates due
to the low family size. However, it shows that there is considerable
amouﬁf of genetic variability, fairly high heritability, and that mass

selection for increased ovulation rate could be possible.
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Table 1.1. Summary of heritability estimates for ovulation rate in

Finnish Landrace (from Hanrahan, 1980).

Source Estimate df

" . Daughter-dam regression 0.45+0.07 212

“Half-sib analysis
(one record per ewe) 0.38+0.26 126
 Half-sib analysis

(More than one record per ewe) 0.5310.29 | 115

He also reported a rather asymmetrical frequency distribution of
ovulation rate in Finnish_Landrace breed and response to selection after
" one generation of selection. Results obtained in the upward
direction is in consistent with the estimated heritability. His
results for the Galway breed with a limited amount of data indicate
significant additive genetic_variabi]ity, although the precision of the
estimate is rafﬁér poor. |

Work done in mice and pigs also indicateé additive genetic
variability in ovulation rate: The number of Corpora-Lutea (C.L.)
present in the ovary on day 7-8 of gestation (Bradford, 1969) and the
number of eggs present in the ampulla on the morning of mating (Land
and Falconer, 1969) were the criteria for selection for ovulation rate
in mice. On direct selection Bradford (1969) with a single upward line for
6 generations and Land and Falconer (1969) with high and low lines after
~ 12 generations, reported realised heritability estimates of 0.1 and 0.3
fespective]y. The latter authors also reported a heritability estimate
of 0.22+.19 for multiparous females, from the correlation between
paternal halfsibs. In both of thesé experiments litter size did not

change as a correlated response. Five generations of selection for
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higher ovulation rate has been app]ied in a multibreed synthetic pig

line (Zimmerman and Cunningham, 1975). Ovulation rate was recorded

at Taparotomy as the number of C.LS after the second oestrus in the

gilts. Realised heritability was estimated by three methods and

the estimates were more than 40%. | However, even after nine generations
of selection the correlated response in litter size was not significant
being 0.06+0.07 young per generation (Cunningham; England, Young and

Zimmermann, 1979).

‘From the avaiiab]e 1itefature it is clear that there is
considerable amount of genetic variability in the above mentioned species.
However the selection for increased ovulation rate has not produced
correlated responses.fn litter size in mice and pigs, but it seems likely
that in sheep increased ovulation rate would result in an increase in
litter size. 'Recadeau, Razungles, Egehenne'and Tehami tchian - (1975)
found no evidence of heterosis on ovulation rate in a study involving
Romanov, Berrichon de Cher and their F], F2 and backcross ewes. Land,
Pe]]etier,”{himonier, and Mau]éon (1973) and Piper and Bindon (1978)
also found no evidence of heterosis inicrossés-involving the Rohanov
and Boorob]a, respectively. In contrast, Hanrahan (1980) working on
Galway and Finnish Landrace crosses reported heterosis for ovulation
rate. = The estimated heterosis was about 31% of the F] mean. He
also reported that the results were consistenf with the observations
for litter size obtained from the F] and F2 comparisons. King (1974)
in a review paper indicated that in pigs the large benefit in litter
sizederived from crossbred fema]e'must have been due to an improvement
in embryonic viability rather than ovulation rate. Johnson and

Omtvedt (1975) also reported heterosis for ovulation rate in pigs but the



18.

results were not significant. In contrast to these results Squires
Dickerson and Mayer (1952) reported that crossbred gilts from Poland, China
" and Hampshire 1ines and outbred Durocs had J.19 (P<0.1) more gva per gi]t'ﬂ_
than the average of purebreds. Furthermore inbreeding depression has

also been reported in pigs (Squires et al., 1952; King and Young 1957).

In mice inbreeding depression has not been observed in ovulation rate
(McCarthy, 1963; Falconer and Roberts, 1960). - However (Kumar, 1981)

reported significant heterosis for ovulation rate in mice.

1.7.2 Ovarian response to exogenous gonadotrophin

Pregnant mare serum gonadotrophin (P.M.S.G.), has been known
for a long time to induce ovulation both in domestic and laboratory

animals.

Part of the variation in ovulation rate is also influenced
by the activity of circulating gonadotrophins and ovarian sensitivity
vto these hormpnes.' McLaren (1962) found that selection for increased
litter size changed ovulation rate as a result of altered ovarian
sensitivity to FSH. Fowler and Edwards (1960) administered PMSG
to mice selected for large and small body size in doses that induced
approximately their natural ovulation rate. Because of the different
doses of PMSG required, they concluded that FSH secretion ‘was
different in two lines. However another explanation to their results

is that the selection changed ovarian sensitivity to FSH.

When the endogenous gonadotrophins were removed by hypophysectomy,
mice selected for higher ovulation rate gave a Significant]y higher

ovulation rate than the controls to a standard dose of PMSG (Bindon
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and Penngeirk, 1974). However, Edward (1962) found no difference in
the unit potency of gonadotrophins in mice selected for large

and small body size. Durrant, Eisen and Ulberg(1980)studying the
response to PMSG in mice selected for combjhat{ons of high and Tow

body size and litter size, also suggested that:the observed differences
in ovulation rate were due to the differences in the ovarian sensitivity
to gonadotrophins. Spearow (1980) also reported-a higher response
in.PMSG.induced ovulation rate in a mouse line with higher ovulation
rate. In sheep high fecndity Merinos respoﬁded more than their

Tow fecundity controls to injectediPMSG (Bindon, Chang and Turner, 1971).
Romney ewes selected for fecundity also behaQe in the same way (Smith,

1976).

In mice, Lanﬁ and Falconer .(1969) demonstrated genetic
variation in the number of ova shed in responée to PMSG. Selection
applied to. ovulation induced by 4.i.u. of PMSG led also to a response
in both directions, with a realised heritability of 22%. -Genetic
correlation -estimated between natural and induced ovulation in primiparous
females was 0.33. Although the trait -was responding to selection, there
was no correlated change in litter size. The low genetic;correlation
between natural and induced ovulation shows that the induced ovulation
can not be used as a criterion for selection for natural ovulation
rate and it could not be relied on as a valid comparison 6f the natural
ovulation rates of different strains or breeds. In addition the
. iﬁductionlof ovulation by PMSG is not exactly- comparable with the
natural ovulation mechanism (see review by Richard, 1980). For'example,
Hay and Moor (1977) found that PMSG also acts by preventing atresia of

the natural fo]]ic]eé;
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1.7.3  Ovarian follicular population

Some attempts have been made to understand the genetic control
of ovulation rate by studying the correlations between the ovarian
~follicular populations aﬁd the ovulation rate. Within breed and
between breed studies have shown a negative relationship between primary
oocyte population and ovulation rate (Jones and Krohn, 1961; mice;
Spearow, Geschwind and Bradford, 1979, mice; Land, 1970, Sheep, Cahill,
Mariana and Mauleon, 1979, sheep). Land (1970) also found that the
ewe lambs from breeds with higher ovulation rates, havé more antral
follicles at birth. When the total ovarian follicular populations
were studied (Cahill, Mariana and Mauleon, 1979), there were half as
many small follicles buf 1.5- 2 times more large follicles in the
more prolific Romanov than in less prolific Ile-de-France. The number
of antral follicles were approximately the same in both breeds and
do not explain the differences observed in ovulation rate between
breeds (Cahill, 1978). Cahill (1979) also showed that in éheep
antral follicles are under the immediate control of FSH'ffom the
pituitary and the second FSH peak on day 2 of the cycle was correlated
with the number of antral follicles present some 17 days later. It was
found that the high fecundity ewes have more follicles in the growth
phase than low fecundity ewes and thus more follicles available
to be stimulated for ovulation. However, Turnbull, Land and
-Searamuzzi (1977) éuggested that this arises from a slower follicular
growth in the early stages and more rapid passage through the preovulatory

stage in sheep with Tow ovulation rate.

Spearow, Geschwind and Bradford (1979) have studied the follicular

population in two mouse lines originated from a common base population.

They reported that the line selected for higher litter size had heavier
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ovaries at 4-8 weeks of age and had significantly more pre-
ovulatory antral follicles (type 6) than in thé control 11né. Their
data indicated thaf selection for litter size has increased the 6vu1ation
rate by increasing the number of the specific follicle types (i.e.
follicle type 6) but not by decreasing the incidence of ztyesja. Cahill
(1979) also suggested that atresia was similar in high and low
ovulation rate breeds. Both from within and between breed studies it
is clear that high ovulation rate animals have more preovulatory antral

follicles and hence ovulate more ova than the low ovulation rate

animals.

1.7.4 Breed differences in embryo SUrviva1 and uterine capacity

Uterine capacity and embryo survival are also important
factors to be considered in selecting for higher ovulation rate or
superovulating for increasing litter size. Egg transfer procedures
allow comparison of embryo survival which is uncomplicated by adjustment
for fertilization rate and ovulation rate. Egg trénsfer studies
' by Moor (1968) and Bradford, Taylor, Quirk and Hart (1974) suggested
that uterine capacity is not a limiting factor for increasing litter
size in sheep. On an egg transfer study involving low and high
fertility breeds Hanrahan and Quirk (1977) found that there is no
evidence of significant differences among the recipient breeds in
embryo survival., Within breed stﬁdies also ghow that there are no
significént differences in embr}o survival. Bindon, Piper, Cheers
and Curtis (1978) have reported no difference in egg survival when 3

eggs were transferred to Merino and Booroola Merino ewes which had ovulation
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rates of 1.46 and 4 respectively. Several other experiments involving
egg transfer, both between and within breeds gave similar results
(Lowson and Rowson, 1972; Bradford, Taylor, Quirk and Hart, 1974;
Trouson and Moor, 1972; Piper and Bindon, ]979; Hanrahan, 1980).

From the consideration of a range of breeds studied it also seems that'
there is little evidence for an association between uterine capacity

and natural ovulation rate. working with Targe'number of published data
mféy]or, Bradford, Land and Hanizdo (Unpublished, referred to by Land

and Wilmut 1977) concluded that at least the breeds with low ovulation
ratescan carry more embryos than normal. Hanrahan (1980) stated that it
may be concluded that selection for ovulation rate in Galway breed can
be contemplated wfthout‘concern as to the ability of the breed to
support more ova thanhusua]]y encountered by this breed. However

.an existance of curvilinear relationship between litter size and
owulation rate has been shown in Finnish Landrace. The data from
1iterature also provide a clear demonstration of the decline in egg

survival as-the number of fertilised ova per uterus increases.

The available data indicate tﬁat the géhetic variation in
the ability of .uterus to support a given number of embryos (uterine
capacity). is not an important component of breed difference in litter
size. It seems unlikely, therefore the genetic variation in uterine
capacity is important within a breed. Hanrahan (1980) from his own
results énd other published results concluded that there is very little
genetic‘Qariation among ewes. or ehbnyos in survival rate and hence
- the genetic correlation between ovulation rate and litter size may be

taken to equal to unity in sheep.
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1.7.5 Number of oestrus periods

Several workers have shown that the number of oestrus periods
in sheep is correlated with lTitter size and it's components such as .
ovulation rate. Chang and Ray (1972) est{mated the genetic
correlation between the duration of the first breeding season "the
number of hogget oe§truses” and ewe reproduction rate. Depending on
the method of investigation the estimates varied from 0.5 to 0.9.
Subsequently usjng a larger set of data from the same breed the genetic
correlation estimated between the hogget oestruses and the subsequent
reproduction was zero (Baker, C]arkg;Carter and Diprose, 1981).
Based on these results the va]idity of using these hogget traits as
means of indirect se]eétion'for reproductive performance is questioned.
Furthermore, the litter size of Welsh mountain ewes was found to
be gehetica]]y‘ﬁndependent of the onset of the breeding season (Purser,
1972).  Bindon and Piper (1976) indicated that the highlyvprolific
ewes have a higher total number of cycles to first joining than the
Tow pro]ifiéfewes and also that the highly prolific ewes show first
oestrus at an early.age. They estimétéd thé heritability of total
oestrus records to first joining and it was 0.56+0.10 (120 df for sires
with an average 8.06 daughters). High .prolific sheep breeds are known
to have a longer breeding season than the low prolific breeds. This
has been documented for .the Romanov (Thomonier and Mouleon, 1969) and.
Finnish Landrace sheep (theeler and Land, 1977).  The highly prolific
Dahman breed is also known to breed at any time of the year (Bouix and
Kadiri, 1975). Within breed studies also show the same trend. High
prolific merino flocks showed 40% more oestruses than low prolific
flocks (Turner, 1962). A high proportion of Booroola merinos have

been shown to ovulate at all months of the year (Bindon and Piper, 1976) and
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the Booroola has 40% more oestrous cycles per year than control Merinos.

1.7.6 Duration of oestrus

Both Finnish Landrace‘(Land, 1970; Hanrahan and Quirke, 1975)
and Romanov kDesvignes, 1971) have significantly longer duration of
oestrus than the low fecundity breeds. Within breed studies have also
shown significant positive phenotypic correlations between length of
‘oestrus -and ovulation rate and litter size. Merino ewes with longer
-duration of oestrus produced more iambs than the others (Dunlop and
Trallis, 1964), Land (1970) estimated within year regression of
litter size on duration of oestrus to be 0.011 lambs per hour of oestrus
and the correlation bétween the traits to be 0.18. By contrast, the
duration of oestrus in Booroola Merino .is not significant]y longer than
“control Merino-(Bindon and Piper, 1980). Hanrahan (1974) estimated
the repeafabi]ity of duration of oestrus in Finn{sh Landrace after
'synchroniSation of oestrus and it was relatively hjgh (unﬁeighted mean
value = 0.55 for ewes). Schinaler and Amir;(1972) obtained a repeatability
estimate of 0.66 for natural oestrus ana suggested that there might be
a reasonably high heritability for duration bf oestrus. Although

repeatability estimates for duration of oestrus are high there are no

heritability estimates. . In practise recording of oestrus is difficult.

1.7.7 Hormonalievents in. the oestrus cycle

Before reviewing the quantitative endocrinological characters
in relation to ovulation and fecundity it is relevant to describe some
key endocrine events associated with oestrus cycle. The serum

~gonadotrophin and gonadal steroids during the vestrus cycle and their
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control have been examined in several species by Gay, Midgly and
Nieswender (1970), in mice by Murr, Geschwind and Bradford (1972), in sheep
by Foster, Lemons, Jaffe and Nieswender (1970) and in pigs by Stanemfldt,
Arkins, Ewiné and Morrissette (1969). The sﬁbject has been reviewed
by Greenwald (1978). While the absolute concentrations of these hormones

differ greatly between species, the pattern of gonadotrophin release

and their control show remarkable similarities.

The organisation of a single 16-17 day oestrous cycle of the sheep
is illustrated schematically in Fig. 1.0. The cvcle basically consists
of two phases, 12-13 day luteal phase and 3-4 day follicular phase (preov-
ulatory period). Progesterone is the predominant ovarian hormone during
the luteal phase and ité.éircu]ating plasma profiles reflects the secretory
activity of the cofpus luteum in relation to its formation and lysis
(Quirk, Hanrahan and Gosling, 1979). The secretory activity of the cofpus
luteum is govérnéd by the stimulatory factors from the pituitary and |
inhibitory factors from the uterus (Nalbandév, 1973;. Hansel, Concannon

and Lukaszewska, 1973; Galding, 1974). The flucturating plasma oestradiol

- ~ originates almost exclusively from treovarian follicle, several follicles

j deve1op and undergo atresia during each cycle (Smeaton and Robertson, 1971;
Baird and Scaramuzzi, 1976). The pattern of circulating luteinizing

hormone (LH) reflects the operation of two separate regulatory systems,

a tonic system operating during most of the luteal phase of the g/ cle

when LH is secreted in a pulsatile manner wifh relatively low ‘
amp!jtudes“and a surge system of'release which generates the LH surge prior to
ovulation (Golding, Blockey, Brown, Cat and Cumming, 1976; Scaramuzzi,
Tilsen, Thorneyeroft and Caldwell 1971; Cahill, 1979). Follicle

stimulating hormone (FSH) follows a somewhat similar circulating

patterns to that of LH.  However.
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it does not form a pulsatile releasing pattern (Walton, McNeilly,
McNeilly and Cunningham, 1977; Pant, Hopkinson and Fitzpatrick, 1977).
4 In addition to the preovulatory FSH surge that coincides with LH

surge, a second FSH surge occurs approximately 20-30 hours after the
preovulatory LH surge (Bindon, Blane, Pelletier, Terqui, Thimonier, 1979; .
Cahill, 1979). In addition to gestradipo1-178 and progesterone

the sheep ovary secretes at least seven more steroids (Baird, 1978)

including androgens such as androstenedione and testosterone.

1.7.8 Quaﬁtitative endocrinological estimates

Attempts have been made to study the quantitative endocrin-
ological re]ationshipg-between plasma gonadotrophins and gonadal hormones
with ovulation rate in sheep in order to identify the genetic
differences in bro]ificacy. Land, Crighton and Lamming (1972) studied
the 1eutinizing hormone levels in the pituitary gland and urine of ewes
with extreme]y different ovulation rates. | Results indicated that the
LH Tlevels aée related to ovarian activity of the breed type. Thimonier
Pelletier and Land (1971) showed that the oestrogen induced plasma LH
levels in both male and female lambs are related to their breed
ovu]atiohﬂrate. " .Bindon and Turner (1974) working with high and Tow
prolific merino strains around .30 days of age and Blanc, Courote,
Pelletier and Thimonier (1975) using high and low prolific breeds found
positive ﬁe]ationships between the LH levels and ovulation rate but
the resu}ts were not consistent with single or repeated measurements.
However Echternkamp and Luster (1976) and Hanrahan (1975) did not find
differences in plasma LH levels of young lambs of different breeds.

The incompatibi1{£y of the results were discussed by Land and Carr (1978).
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They concluded that thé dif%erent breeds go through their

plasma LH riée at different ages and showed that the comparisons of LH
levels at the different stages of prenubertal LH rise could even lead
to a reverse ranking of‘ the animals to their ovulation rate because

of age and breed interaction.

Carr and Land (1975) estimated the repeatability of the
concentration of consecutive plasma LH samples to be 0.12. Although
the repeatability of LH levels in plasma is low, significantly
different basal LH levels have been reported on day 1 and 8 of the
oestrous cycle in breeds with differing ovulation rates (Land, Pelletier,
Thimonier and Mauleon, 1973). However, the concentration of LH
in peripheral plasma during the.oestrous cycle was found to be similar
~ in breeds of sheep differing three fold in ovulation rate (Land,
Pelletier, Thimonier and Mauleon, 1973).  Cahill (1979) also reported
similar plasma LH profiles at all the stages of the oestrous cycle
in three breeds with different ovulation rates. In general there is
very little association between plasma LH concentration aﬁd ovulation

rate in adult sheep.

Because of low repeatability of plasma LH concentration, being
only 0.12 (Carr and Land, 1975) over a range of ages and breeds
alternative approaches of using LH response to exogenous oestfogens
(Land, 1974, Bindon, Ch'ang and Evans, 1974) and to leutinizing hormone
releasing hormone (LH-RH) (Carr and Land, 1975) have been suggested.

The latter authors also deve]opéd a simple method to detect the
differences in response to LH-RH with small number of blood samples.

The association between the ovulation rate and response to LH-RH



28.

has been reported in between breed studies (lLand and Carr, 1976, 1978).
Furthermore the same workers reported genetic variation within a

| synthetic sheep breed in response to LH-RH and observed a response

to selection the realised heritability obtained being 0.33 (Carr,

Land and Sales, 1980).

Several workers studied the LH levels around ovulation (Land,

Pelletier, Thimonier and Mauleon, 1973; Bindon, Thimonier, 1979;

- Quirke,Hanrahan and Gosling, 1979). A1l the breeds studied had

similar peak LH values prior to ovﬁ]ation., However there were consistent
Adifferences iﬁ the timing of .the LH discharge in relation to the

onset of oestrusfhigh fecundity breeds having a longer interval between
onsét and peak LH 1evéJs. In contrast, the Booroola sheep does

not differ from the control Merino with respect to the time interval between
the onset of oegtrous and LH discharge, (Bindon and Piper, 1980).

However the above correlation has been considered to be simply an
‘association with and not a determinant of ovulation rate (Cahill,

Mariana and Mau]eoﬁ, 1979).  Furthermore this is a laborious parameter

to measure and it has no advantage over direct measurement of ovulation.

In comparing the Merino strains selected for high and
low prolificacy Findlay and Bindon (1976) found substantially higher
FSH levels in 30 day old lambs from the prolific strain. | prever,
Bindon, Blanc Pelletier, Terquin and Thimonier (1979) could not
detect an& differences in the levels of FSH in ewes to explain the
differences observed in ovulation rate. Cahill (1979) also did not
find any differences in the over-all profiles of FSH in two different
breeds, but he reported a significant difference (P<0.05) ir the second

FSH peak that occurs after the preovulatory LH-peak in Romgnov and
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ITe-de-France ewes. " The second FSH peak also commenced earlier in

. Romanovs. Even with repeated sampling (10 minutes interval for :

4 hours) on day 1-2, 9 and 16-17 of the ocestrous cycle, no significant
difference was detected in peripheral plasma FSH in Booroola and
control merinos (R.J. Scaramuzzi unpublished data, referred to by
Bindon and Piper, 1980). Spearow (1980) also reported that the
.differences in ovulation rate in mouse lines achjeved by selecting for
higher litter size and growth .rate, could not be explained by the
differences in peripheral gonadotrdphic hormones.  Available results
indicate that the plasma gonadotrophin.]eve]é do not explain the

between or within breed variation in ovulation rate in sheep and mice.

1.7.8 . Feed-back hormones

Bindon et al., (1979) and Scaramuzzi and Land (1976) did not

find differences in the pheripheral plasma oestrogen concentration

in pro-oestrous period in ewes with different ovulation rates.

However, Wheeler, Eaird and Land (1977) observed between breed
differences in the levels of oestridiol 17 B secretion in ewes following
ovarian autotransplantation but .it is.difficult to correlate these
‘results with the events happening in the normal oestrous cycie. Although
previous studies reportedAsimilar peripheral oestradial 1éve]s Cahill
(1979) reported higher oestradiol.178 levels in circulation almost
throughouf the oestrous cycle in the high pro]ffic ewes than in the low
prolific ewes. In addition the peak value of oestradiol 178

measured prior to the preovulatory LH peak was higher in Romanov
_eweé than in I]e:de—Fraﬁce ewes and it was correlated with the number of

large follicles present. Detection of <uch differences may have been
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possible because of the use of sensitive E2 assay techniques.

Plasma progesterone has also been considered to be the
primary negative feed-back hormone during the breeding season
(Baird and Scaramuzzi, 1976; Hauger, Karsch and Foster, 1977).
In sheep, ph}sio]ogica] levels of 6estradio] and progesterone each
~‘suppre$s the pulses of LH characteristic of tonic LH secretion, but do
so by completely different mechanisms (Goodman and Karsch, 1980). A

positive association has been demonstrated between plasma progesterone

. and prolificacy, in between breed studies (Bindon et al., 1979;

Quirkeet al., 1979). Cahill (1979) also reborted a higher correlation
- between ovu]atfon rate and Tuteal .phase plasma progesterone. Although
the results available bn the feed-back hormones are limited it is
likely that there are breed differences in feed-back hormones, more

prolific breeds having a higher concentration in the circulation.

1.8 Variation in feed-back system

| Although it has been known for nearly fifty years that the
secretion of pituitary gonadotrophins is controi]ed in part by the
steroid hormones of the ovary and testis, most of the studies on control
.of ovulation in mammé]s has. been concentrated on the gonadotrophins
and the ovary itself. Recently new insight has been gained into the
feed-back inter-relationship between gonadal and gonadptrophié hormones,
which govérn the ovarian activity of the mammals (Karsch, Legan, Ryan

and Foster, 1973).

Moore and Price (1932) presented evidence for a reciprocal
re]ationship'betheen gonadal steroids and pituitary gonadotrophic

hormones. A mechanism which has subsequently called a "negative feed-back”
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relationship provides an adequate conceptual basis to explain such
findings as gonadal atrophy after prolonged administration of oestfogen
or androgens in the intact animals (Greep, 1961) and pituitary
hypertrophy and increased \gonadotrophic’secrefion.after gonadectomy
(Blackwell 1971; Yamamoto, 1970). Hohlweg and Junkmann (1932) showed .
that the separation of hypophysis from the hypothalamus prevented the
hypertrophy of the adenohypophysis after gonadéétomy and proposed

that the steroid sensitive "Sex centre" in the hypdtha]amus mediated

- the effect of gonadal steroid feed-back on the pituitary. Since then the
concept of neurohormonal control of the adenohypophysis via the
hypophysial portal system has been developed largely, by the work of
Green (1951), Harris (1962) and their coworkers. The synthesis and.
release of the pituitary trophins is triggered by chemical mediators

or "releasing hormones" secreted into the portal system at the median

eminence ‘and transferred to the hypophysial portal system.

The characteristic pattern of gonadotrophic secretion for

L

instance the pattern of LH secretion during the oestrous cycle of the
sheep, as described earlier seem to be the result of two functionally
independent secretory systems (Goding et al., 1970; Scaramuzzi et al.,
1971). It is accepted that a negative feed-back system operates between
output of gonadal steroids and the "tonic" output of gonadotrophins

(Brown and Grant, 1971; McCann, 1964).

Although longterm treatment with high dosage of gonadal
steroids inhibit the pituitary gonadotrophic function brief treatment
with low dosage of the female steroids facilitate releasing of
gonadotrophins.(seé review by Everett, 1961). The mechanism of

gonadotrophin release at the preovulatory period, the surge system, is
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facilitated by the increasing circulating oestradiol (Goding,'Catt,
Brown, Kattenbaen, Cumming and Mole, 1969; Kufsch and Foster, 1975).
This process by which oestrogen elicits, rather than inhibits, the sec-
retion of luteinizing hormone is referred to as the positive feed back.

action of gonadotrophins.

1.8.1 Modification of gonadal activity through'changes in feed-back

hormones

Classical method of demonstration of improvement of gonadal
activity through negative feed-back involves hemicastration. . Hunter
(1787) demonstrated that the removal of one ovary did not affect the
1itter-size in pigs. ; Fenton (1970) showed in pigs unilateral
ovariectomy doub]ed»the ovulation rate in the remaining ovary.A
Similar phenomenon -has been reporfed in mice (McLaren, 1966) and
sheep (Sundaram and Stub, 1967; . Land, 1973).. .Other methods such as
immunization to nullify the biological activity of circulating gonadal
hormones and controlled de]ivery of physiological quantities of
reproductive hormones have been used to modify the feed-back effect of

gonadal hormones.

.~ 1.8.2 Immunization against steroids

The concept of neutralization of bioloaical activity of
reproduciive hormones was developed nearly forty years ago (see reviews
- by Co]]%p, Selye and Thomson, 1940; Zondek aod Sulman, 1942). Steroid
~ hormones are relatively small compounds (Molecular weight 200-400)
and as such do not have immunogenic ; properties. However preparation
- of steroid-prote%n conjugates (haoterns), that are immunogenic, (Ealanger,

Borek, Beiser and Lieberman,
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1959; Goodfriend and Seton, 1958), make it possible to produce
relatively specific antibodies to steroid hormones. Such antisera have

been extensively used to measure the steroids in biological fluids

- " since the advent of radioimmunoassay (Abraham, 1969; Midgley,

' Niesweanr and Ram, 1969). The action of antibodies against steroids
 to neutralise the biological actiQity of steroid hormones lies in their
ability to bind hormones in the circulation and thus prevent the steroid
".performing their norma} function in the target organs»(Ferjn,
iimmering, Lieberman and vande Wiele, 1968). Immunization against

- steroids can be achieved by two different methods, either active

" immunization, when the animal produces its own antibodies in response

' to steroid-protein conjugate, or passively when the antibodies are

. administered exogenously.  Although active immunization allows the achievement

of high antibody titres in the circulation for long periods the
investigator has 1ittle control over the antibody titre achieved by the

- individual animals. On the other hand passive immunization allows

f"‘more control over the antibody titre achieved by the animals.

However, it suffers from the practical probiem of'administration of

Tlarge quantities of antisera and also from the relatively short duration
of the activity of the antibody depending on the half life of the
immunod]obin administered. There is a considerable amount of
literature on the biological effects of immunization against reproductive

hormones in the male and the female (see reviews by Martensz, 1977, 1980).

- 1.8.3 Effect of immunization against steroids in female sheep

Active immunization against 17-oestradiol-6-0-carboxyme-
thyloxime-BSA in female sheep during anoestrous season increased the

plasma LH and FSH to values approaching those found in ovariectomised



34.

animals (Martensz, Scaramuzzi, and Van Look, 1979). Similar }esu1ts

have also been reported in the ewe during the breeding season after

active immunization against oestradiol 178 (Pant, Dobson, ward% 1978 and
Scaramuzzi, Martensz and Van Look unpublished results). Plésma concen-
tration of LH was also increased in the female rat (Hillier, Grcom, Boyns
and Cameron, 1975) after active immunization against oestradiol 178.
Active immunization also prevented ovulation and resulted in a marked
disruptior of the oestrus in rats (Hillier et al., 1975) and in sheep
(Scaramuzzi, Baird, Clarke, Davidson, Martensz and Van Look, 1977).
Similar treatment resulted in increased tonic LH secretion in shkeep, however
it stopped the ovulation and oestrus (Rawlings, Kennedy and Hanrieks,
1978).  Similarly passive immunization of sheep against oestradiol

178 prevented the preovulatory LH surge, ovulation and oestrus activity
v(Fairc]ough, Smith and Peterson, 1976; Rawlings, Kennedy and Hendricks,
1973). Oestradiol 178 has been considered to be the primary steroidol
component involved in the mechanism of negative feed-back in gonadotrophic
secretion (Goding, Blockey, Brown, Catt and Cumming, 1975; Scaramuzzi,

et ai., 1971; Karsch and Foster, 1975). However attempts have been

made to-identify the other steroids involved in feed-back regulation.

Active immunization against oestrone-6 (0-carboxymethyl)
oximelBSA in sheep resulted in an increase in plasma gonadotrophin
Tevels to values similar to or even higher than those found in ovarie-
ctomised animals (Martensz and Scaramuzzi, 1979).  However, these effects
at least in part were attributed to neutralization of oestradiol 178.
Unlike the ewes immunized against oestradiol 178 host of the ewes
continued to display oestrus and the ovulation rate was increased

(Scaramuzzi, Baird, Clerk, Davidson, Martensz and Van Look (1977).
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Furthermore, Scaramuzzi, Martensz and Van Look (1980) reported
increased plasma LH and to a lesser extent FSH in female sheep actively
immunized against oestone. The latter autho}s also suggested that -
the immunization against oestrone disrupt the reproductive function by-
interfering with the feed-back mechanism controlling gonadotrophin
secretion.  Rawlings, Kennedy and Henrricks (1979) also reported

similar results.

Little is known about the function of androgens in the female,
however they may be important determinants of sexual behaviour in
female primates (Baum, Everitt, Herbert and Kenerne, 1977). Since
the androgen can be converted to oestrogens (Baird, Horton, Longlope
and Tair, 1968),'the,éndrogen may act my modifying the oestrogenic

control of gonadotrophin secretion.

_Active immunization of ewes against testosterone resulted
in castra%e—]ike patterns of LH levels without altering levels of FSH
(Martensz and}Scaramuzzi; 1975).  These animals also do not show
‘ -oestrus.during the breeding season and.the majority of the animals wefe
also anovulatory (Scaramuzzi, 1979). In contrast to the results
‘obtained in immunization against oestradiol-178 and oestroné elevated
plasma FSH Tevels were reported in rats after active immunization against
testosterone (Hillier, Groom, Boyns and Cameron, 1974). These animals’
also showed marked disruption of the oestrous cycle. Furthérmore
Australian workers did not observe an increase in ovulation rate in ewes

after passive inmunization against testosterone.

During the oestrous cycle, the pattern of ovarian secretion of

androsteinedioné is closely related to the secretion of oestradiol 178
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(Baird, Land, Scaramuzzi and Wheeler, 1976).  Active immunization against
androstenedione produce a differential effect on gonadotrophic
secretion, resulting in an increase p]asma'LH concentration and a
reduction in plasma FSH levels (Martensz, Baird, Scaramuzzi and Van
- Look, 1976; Scaramuzzi’, Davidson and Van Look 1977; Martensz and
-Scaramuzzi, 1979). The animals continued to undergo normal oestrous
‘. cycles and the ovulation rate was increased (Scafamuzzi,Davidson and
van Look, 1977; Van Look,Clarke, Davidson and Scaramuzzi, 1978).
Furthermore when the ewes were mated after similar treatment the number

. of lambs/nursing ewe was increased (Van Look et al., 1978).

1.8.4 Control administration of exogenous steroids

Control delivery of physiological quantities of gonadal
steroids through silastic implants (Karsch et a].,_1§73) Has been used
to study the feed-back effects of gonadal steroids (Legan et al.,
1977). Si]astjc implant containing oestradiol 178 has led to a con-
stanf reduc%gon in ovulation rate of normally prolific Finnish
Landrace sheep (R.B. Land unpublished déta) cgnfirming the argumentA

that the exogenous oestrogen may supplement the endogenous negative

feed-back.

- 1.8.5 Genetic variation in negative feed-back system

7 The observation that LH release in ewes of high prolificacy
was less sensitive to negative feed-back effect of oestradiol (Land,
Wheelerand Carr, 1976) led to the argument that’the variation in
ovulation rate arose from variation in the sensitivity of the

hypothalamus/hypophysis to negative feed-back.iln view of similar peripheral

plasma FSH and LH concentrations observed between breeds (as
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described earlier) the hypothesis is that proTific sheep could tolerate
higher concentrations of feed back hormones thén could the
hypothé]amus/hypophysis of low prolific breed hence more'follicular
development is possible. It is further supported by the observation
that the treatment with oestradiol during oestrous cycle had less

effect on the ovulation rate of high prolific Finnish Landrace ewes than
on the ovulation rate of less prolific Scoftish B]ackface ewes (Land,

1976).

1.9  CONCLUSIONS

'The foregoing section reviews the indirect characters studied
to improve ovulation réte and reproduction in mice, pigs and sheep.
The indirect criteria that have been studied at the initial stages
such as body wéight, fleece weight and biochemical polymorphisms
do not have any known direct physiological relationships with ovulation
rate or with any other component of reproduction. More.recent :
work on the'physiologically related traits a];o do not explain
the underlying physiological variation of genetic variation in ovulation
rate. The present study seeks to identify an underlying physiological
component of ovulation rate, sensitivity of the hypothalamus/pituitary
to negative feed-back, which has already been.shown to differ between
breeds and postulated to be the causal component of genetic variation
between breeds. Sﬁch a character would be more valuable (1) the higher
its her{fability, (2) the higher its genetic correlation with the ovulation
-rate, (3) the easier its measurement (4) if also measured in young aniha]s.
At present the measurement of variation of the hypothalamus/pituitary
to negative feed-back is not easily done. However it is necessary to

identify the genetic nature of the trait before pursuing further research

to develop simple methods in measuring the tfait.
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Chapter 2:  Assay methods

2.1 Radioimmunoassay of pituitary ggynadotrophins

The pituitary glycoprotein hormohes are a unique family
consisting of two sub units called a« and B, assembled to give a
quarternary structure (Pierce, 1971; Sairam, 1978). The g]jcoprotein
gonadotrophins of both pituitary and placental origin, from the
same species have virtually identical subunit designated a.  The
B subunit which is honnoﬁe specific confers the biological and
immunological specificity to the mé]ecu]e. The majority of individual
subunits are biologically inactive and this pfoperty causes some difficulties
in the production of specific antisera demanded for radioimmunoassay.

The antibody production in another species against these hormones could

be directed against the antigenic defenninants that are contributed

by the.a and 8'subunit portion of the molecule or by a unique conformation
structure generated by the noncovalent linkage of the two subunits.

Owing to similarities in the subunits, particularly o subunit, aﬁtibodies
prepared agéinst either follicle stimulating hormone (FSH) or
jutzinizing hormone (LH) could cross reéct with- other gonadotrophin

or with other pituitary hormones of the same type. This problem

has been overcome by selection from available antisera which have

been carefully selected for specificity.
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2.2 LH double antibody radioimmunoassay

2.2.1 IntroductionA

Plasma LH concentrations were determined by double
antibody radioimmunoassay described by Carr and Land (1975) with
some modifications. A double antibody equilibfated system was
used.  Standards (or unknown samples) and énti;dvine LH antisera

~ were incubated for 2-3 days at 4°, after which the labelled LH (]25

ILH)
was added and the mixture incubated for a furthér 2-3 days. Finally
the antigen-antibody complex was precipitated uéing donkey anti-rabbit
gamma-globulin antiserum. After an overnight incubation with fhe
second antibody, Tml of assay buffer was added, and the tubes were
centrifuged 3000 r.p.ﬁ. at'nop for 30 minutes and the supernatant
decanted to waste. | The precipitate was counted on an automatic
gamma-counter with a paper tape output : the data from the tape

were analysed by ABRO radioimmunoassay programme package based

on the method of Rodbard and Lewald (1970) (see section on Statistical

" analysis of assays).

2.2.3 Materials

The antiserum used was rabbit anti-ovine LH antiserum
~validated for specificity and sensitivity by Martensz, Baird, Scaramuzzi
and Van Look (1976). The neat antiserum was diluted 1:1000 in assay

buffer éﬁd stored in 0.5m] aliquotes.

The assay buffer was 0.15 mol/1 phosphate saline buffer, pH 7.5,

containing 0.1% bovine serum albumin and 0.01% sodium azide. -
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Highly purified ovine LH (M4; Jutisz and Courte, 1968) was

labelled with 125

I by chloramine T method (see section on method of
.1abe11ing). The working so]utoh of labelled LH was prepared by

diluting the appropriate quantity from the stock solution to

100m1s in assay buffer. The dilution was done immediately before

using. The standards used were prepared from dilutions of purified ovine
LH (NIH-LH-S18). - The stock solutions were prepéred by dissolving 2.06mg
hin 100m1 of assay bufferAto give 20.6yg per ml. WOrking s tandards

for use in assay were prepared by serial dilution of the stock solution

in assay buffer.

The samples were stored inpolystyrene 3.0ml cups Sarstedt)
-and the reaction tubes were Luckhan's LP4S.

125

2.2.4 Labelling of purified LH with I

Highly purified LH (M4; Jutisz and Courte, 1968) was
Jabelled with 1251 by a chloramine T method modified from that of
Greenwood, Hunter and GLover (1963). Highly purified Sug of LH
M4 in 5ul of distilled water was added to a clean conical reaction vial.

The following solutions were added successively to the reaction vial

containing purified. LH:

.(a) 25ul-0.5m phosphate buffer pH 7.5

(b) 1&] of carrier free ]ESI (Amersham-Radiochemical centre)

followed by mixing the vial thoroughly.
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(e) 20ul of 0.4% chloramine T and allowed to react

for 2 minutes with shaking.

(d) 100wl of sodium metabisulphite 2.4mg/ml and

mix thoroughly.

(e) 200ul1 of 1.0% potasium iodide and mixed thoroughly

The reaction mixture was counted in the mini-assay counter
in a position to give maximum counfs. After mixing the contents
in the react{on tube the reaction mixture was passed through a 1.5 x 28cm
column of sephadex G-50 saturated with bovine serum albumin. The
reaction tube was washéd with 2 x 200u1 of potassium iodide and washing
put into the column.  The column was allowed to run using phosphate
buffer containihg 1% bovine serum a]bumfn and 0.01% sodium azide,
cO]]ectingvapproximate1y 25 x Iml fractions. Then each fraction was
counted in a mini-assay cbunter to give the maximum counts. The tube
showing the'ééximum activity in the first peak off the column was
made up to 10ml in assay buffer. This.was called the concentrated label
and stored at 4°C. The concentrated label was diluted again in assay
buffer immediately before adding to the assay reaction so that 100ul

of diluted tracer gave approximately 200ng (i.e. 20,000-25,000 counts

per 10 seconds).

2.2.5 Assay method

Using -an analmatic sample preparation unit 2 replicates of 200ul

were picked from the standard or unknown plasma samples and dispensed into
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the reaction tubes, each washed through with 500u1 of assay buffer
.containing rabbit antiserum to ovine LH (final dilution of 1:550,000).
Tubes containing this mixture were incubated for 2-3 days at 4°c.
Each incubation mixture for the standards contained NIH-LH-S18
in 20041 assay buffer (equivalent to 0.1024, 0.2048, 0.4096, 0.60,
0.819, 1.20, 1.683, 2.56, 3.84, 5.12 and 7.68 ng/ml1), while each tube
for unknown contained 200u1 plasma. Each standard was run in triplicate
and each unknown in dup]icate; After the first inéqbation 100u1 tracer‘

(1 - 125 125

. ILH)‘ containing 200pg of ILH was added. This solution was

added by an automatic device (Microlab, Hamilton). This mixture was then

" mixed and incubated for 2-3 days at 4°¢. 'Pooled normal rabbit

serum (100u1, final dilution 1:200) was then added; followed by donkey
antiserum to rabbit g;mma—g]obulin (200u1, final dilution 1:200 with 1:10
EDTA in assay bﬁffer; bGui1dhay\antiserum, University of Surrey). All
tubes were mixed in a vortex mixture after adding each reagent. After

a further overnight incubation at 49¢C 1m1. assay buffer was added

to each tube as a prewash and they wefe centrifuged at 1200g for 30 min.

in a refrigerated centrifuge at 4%c. The supernatant was decanted to waste
immediately after centrifugation, any remaining droplets being

aspirated from the rim of the tube. These tubes were counted in an

automatic gamma-counter for 100 seconds.

2.2.6 Assay optimization

Optimum sensitivity of the assay was obtained with 20-30%
binding of labelled antigen. .This was obtained by diluting the neat

antiserum to 1:550,000 dilution.
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The dilutions of standards used were arranged to fall within
the limits of 10-90% B/BO, where B is the amount of tracer bound when
the.un1abé1 antigen LH is present in the standard, Bo is the amount
of tracer bound when no unlabel antigen is'preseht in the reaction

mixture.

As most of the unknown LH concentrations fell within the
range of standards the unknown plasma samples were also diluted
in the same way as in the standards in the reaction mixture.
A plasma volume of 200yl was found to be the compatible plasma

volume in the reaction mixture to obtain minimum plasma effect.

2.3 FSH Radioimmunoassay

As it was expected to detect relatively small variations
in circulating FSH patterns after modification of hypothalamic
_pituitary steroid feed-back system, it was necessary to use a very
specific and sensitive assay system to measure FSH levels in the
experimental plasma Samp]es. A series of experiments were carried
out to find out the most sensitive and specific FSH assay. Three
different antisera (M91, M9 and Sairam  were tested with two
differenf purified FSH preparations (FSH, Papkoff and FSH, Sairam)
labelled by - two differént methods (i.e. Chloramine T ana Iodogen).
From thfs experiment, the antiovine rabbit antiserum obtained from Dr.
M.R. Saifﬂnlwas found to be the most apprbpriate.a”iAntisera were
compared for the slope of the standard curve, minimum detectable dose
and potency estimates for plasma samples with very high LH values.

The results of this experiment aresummarised in table 2.1. Sairam)

(1978) reported that this antiserum is conformation dependant and



Table 2.1

Results of the FSH experimental assays with different labels and antisera

M4

_Antiserum MI1 Sairam MI1 M94 Sairam MI1 M94 Sairam MI1 M94 Sairam
Antigen ~ P-FSH(Ch1.T) P-FSH (Iodogen) S—FSH(Ch].T) S-FSH(TIodogen)
% Binding 19.7 25.1 32.9 11.4 13.5 18.5 36.8 42.8 51.2 21.5 39.6 12.7
Slope -1.20 ..—1}41 -1.44 -0.97 | -0.64| -1.20 -1.121 -1.31| -1.43 -0.91| -0.83| =1.92
Y Intercept 5.0 5.5 4.8 4.5 3.1 4.2 4.8 5.4 5.1 4.2 | 3.8 5.1
Jutisz M4 RP 13.6 13.1 10.0 14.7 16.1 11.6 13.7 13.0 11.3 14.1 14.1 8.6
FSH Potency Ov :
ewe ng/ml 569 577 423 922 1045 579 581.- 671 462 677 650 425
FSH Potency LRF
ewe ng/ml 89 96 86 232 254 139 88 96 92 107 93 100
Min detectable
dose ng/m1 52 46 2.6 9.6 160 3.8 51 | 48 8.5 49 120 7.0
Jutisz M4 = Purified LH
Ov Ewe = QOvarietomised ewe plasma
LRF Ewe = Ewes treated with LRF, plasma

2%
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required the proper recombination of o and B subunits for maximum
feactivity, isolated o subunits are essentially inactive and the-

hormone specific B subunit is weakly reactive, it showed species
specificity and very low cross-reactivity.in the order of about 0.05%

with highly purified ovine LH and bovine thyrotrophin. -Even this small -
cross-reaction was attributed to possible contaminationof FSH.

Maximum sensitivity in a double equilibrated ddub]e antibody assay system
is generally obtained with 20-30% binding of tracer in the absence of free
antigen (i.e. zero standard) when the system has 200pg labelled antfgen
(i.e. 20,000 cpm) in the reaction mixture. As the above antiserum was

validated at the dilution of 1:48,000 at which the antibody bound
125

60% of tracer ( IFSH) and the system had 1ng tracer (i.e. 1000,000 cpm) "
and the incubation was performed at 220C, it was necessary to carry
out series of experimental assays at a higher antibody dilution and

]251 labelled FSH.  When the system was adjusted to optimum

with 200pg
“sensitivity and precision it was found that LH did indeed cross-react
with the antiserum. In the-experimeﬁtal assays lebelles prepared

by two different mefhods (i.e. chloromine T and lactoperoxidate method)
were used.  When the p]asmé samples with high concentfations of LH

were assayed at different dilutions in the experimental assays, the
plasma samples gave nearly parallel curves to the standard curve. When
tﬁe results were plotted, logit B/Eo.égains log dose of unlabelled
antigen or percentage B/Bo agains log dose of unlabelled antigen it

_ indicated.a higher degree of cross reactivity with LH (see figure 2.1).
However by adding LH (NIH-LH-M4) at the concentration of 5ng/m1 to the
antibody diluted up to 1:350,000, the curve for.plasma samples with

high LH became almost flat and percentage binding decreased
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significantly (see figure 2.2). It indicated a reduction in cross
reactivity and the minimum detectable dose was significantly 1mpro§ed.
Based on the above results it was decided to add LH (NIH-LH-M4) to the

antiserum in order to minimise the crosereact{vity with LH

when the antiserum was diluted to obtain a sensitive assay. Labelling
by lactoperoxidase method produced a superior-label than the

chloramine T method and it improved the minimum detectable dose

significantly.

2.3.1 Materials

"~ The antiserum was a rabbit anti ovine FSH antiserum (Sairam
1978).  The neat antiserum was diluted in 1:100 in assay buffer and

stored frozen in Iml aliquotes.

The assay buffer was 0.15m1/1 phosphate saline buffer pH
7.5, containing bovine serum albumin (5g/1) and sodium azide

(100mg/1). - ~
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Highly purified ovine FSH (Sairam) was labelled with 1221

by lactoperoxidase method .(see the section on method of labelling)-

The working solution of tracer was prepared to obtain

]251 FSH in 1004l of assay buffer by diluting the stock_so]ution

200pg

in assay. buffer. The FSH standard was NIH-FSH-S18.  The stock standard

so]ution‘was prepared by dissolving 1.14mg FSH in 100m1 of assay buffer
to give 11.4ug FSH per m1. Working standards for use in the assay

were prepared by serial dilution of stock solution in assay buffer.

The sample tubes were polystyrene 3.0ml cups (Sarstedt) and the reaction
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tubes were Luckham's LP4'S.

2.3.2 Method

Plasma FSH levels were determined by a similar system of
double equilibrated double antibody radioimmunoassay as described

earlier for the LH assay.

-~ Automated analmatic sample preparation unft was used to dispense
-the assay. The volume of plasma or standard FSH used was 200ul. Each
incubation mixture for standards contained NIH-FSH-S18in 200u1 assay
buffer (equivalent to 16.6, 25.0, 33.33, 50.00, 66.67, 100.00,

200.00, 400.00 and 800.00 ng/ml1). The dilution of Sairum antiserum

used in the assay was.1:200,000. Each reaction tube contained 200pg

of radioactive FSH ('2°IFSH).

~2.3.3 Assay optimization

Optimum sensitivity of the assay was obtained with 20-30%
~ binding of the labelled antigen.  This was obtained by diluting the neat ant
serum to 1:200,000. The dilutions of standards used were arranged to

fall within the limits of 10-90% B/Bo.

As most of the unknown concentrations fell within the range of
standards the unknown plasma samples were also diluted in the same way
as for tHe standards in the reaction mixture. A plasma volume of 200ul
was found to be fhe compa tible plasma volume in the reaction mixture to

obtained the minimum plasma effect.
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2.3.4 Labelling of purified FSH with 12°1

_ Highly purﬁfied ovine FSH (Sairam, 1978) was labelled with
]251 by the lactoperoxidase method. Buffers used for this technique

were prepared without preservatives (i.e. sodium azide or Thiomersilate).

Highly purified 5ug of FSH in 54l distilled water was added
" to a clean conical reaction vial. The following solutions were added
successively to the reaction vial containing the purified FSH

preparation.

(a) 20wl 0.075M PSB.
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(b) 1 yl of carrier free I (Amersham-Radiochemical

centre) and mixed thoroughly by tapping the vial.
(c) 10wl of lactoperoxidase (0.5mg/ml in 0.75 M PSB)

(d) 10ul H202 (50ul of 30% H20 in 750m1 distilled

2
water) and allowed to react for 3 minutes.

The reaction mixture is counted in themini~assay counter in a
position to give the maximum counts.  After mixing the counts in the
reaction tube the reaction mixture was bassed through a 1.5 x 28cm
colume of sephadex G50 saturated with bovine serum albumin and

continued as with the chloramine T method.

2.4 The capacity of jugular venous plasma to bind exogenous -

titrated steroids

The binding of the respective steroid (oestradiOT 178, pestrone
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androsternedione or testosterone) by jugular venous plasma from the

ewes passively immunized against steroids was determined by incubation

L of plasma with tritiated steroids at 49C and separation of the free and

B “bound steroids by charcoal absorption accordfng to the method of

- H-2-4,6,7-0estrone, SH-6,7-oestradiol and

‘Scaramuzzi, Corker, Young and Baird (1975).

3H-], 2-testosterone was obtained from Néw England nuclear.

3H-],2,67-androstened1’one
{fJWere obtained from the radiochemical centre, Amersham. A1l steroids

»ﬁWere reconstituted in ethanol and stored undiluted at 4°C until used.

A range of dilutions of plasma were prepared in phosphate

" gelatin buffer (PGB). Duplicate aliquotes (0.1m) were incubated

”ﬁﬂfovéfnight at 4°C with 0.1m1 of the tritiated steroid and 0.1ml of _

',{PGB. The tritiated steroid solution was diluted in PGB to A
"give 15-20 pg/0.1m1. The free and bound steroids were separated>by the
' addition of Tml of a charcoal suspension (250mg charcoal and 25mq
: dextran/]OOm] of PGB). After staﬁding for 15 minutes, the fubes were
.Icentrifuged at 3000 rpm for 30 m%nutes and the sdpernatant decanted to

’lLscintilation vial containing 10m{ of scintillant (Miniria) and

:fhe readioactivity measured. The titre of .steroid antibodies, defined
- as the initial di]ution of plasma which bound 50% of the radioactive
~tracer, was determined from a graph of the percentage radioactivity

- bound {f:-axis) against the dilution of pTasma (log-scale) (X-axis).

-_‘2.5 Cross reactivity

The cross-reactivity of the antisera used in passive immunization
were determined by the method described by Abraham, Odell, Edwards and
Purdy (1970).
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2.6 . Statistical analysis of assays

2.6.1 Radioimmunoassay programme description

A1l assay counting data were punched on to paper tape by the
Wallace Autogamma Spectrometer and analysed using the ABRO
radioummunoassay data processing programme package. The package consists

of four programmes.

The assay parameters, each identifieq by a d%rectivé
are input from a terminal. Paraheters not presented are assigned
default values. Assay counts are input from paper tape and
stored after preliminary checkingf The. output from programme 1
comprises errors in tﬁe parémeter list or in a;say counts, list of
parameters including default values, 1list of assay counts and

' statistics for'batch and overall standards.'

In progfamme 2 the standard counfs are combined with the
concentration level information from the input paraheters. A
cglibration curve is calculated by applying the logit-log transformation
and iterative weighted least squares regression analyses (Rodbard
~and Lewald, 1970) to each batch of standards and to the overall standards.
The control counts are treated in the same manner. The "edit" option
allows the user to select or reject the tube counts for analysis thus
overruling or supb]ementing the screening process. A Scatchard_p]ot is avail:
ap]e if requested. The output from programme 2 includes the results of
unweighted and weighted regression and a plot of logit (Y) V log (X)
for each batch of standards and overall standards (where Y ='response

variable and X = dose) and for control.
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Programme 3 uses ané]ysis of variance to examine the calib-
ration curves calculated by programme 2. _ Each batch sténdard curve and
overall curve are tested for Tinearity anq the batches are tested
for equality. The batch standard and control curves are combined and
tested for linearity. The overaf] standard and control curves are
~tested for parallelism. A further option calculates optimum assay
parameters for maximum sensitivity based on the results of scatchard

analyses in programme 2.

In programme 4 potency éstimates are calculated for each
unknown sample. Upper and lower 95%. confidence limits are calculated
based on the pooled residual variance of the standard curve and the

counts for the samples.

2.6.2 Data checking

The output from program 1 allows easy detection of obvious
outliers among the standards or of counts of above zero standard
below blank count for which no interpolation-would be possible.  These
counts can be rejected. By running zero-standards at points throughout
the asséy, a plot of their counts can be obtained in programme 1
allowing easy visual assessment of drift. No significant drift
occ&rred in any of the LH or FSH assays by this assessment, and the
equality of the two standard batches was accepted for all ass&ys on an

F test. .

The F test of homogeneity for the. replicates of unknown
samples generally has degree of freedom ny = 1, n, = 50 in all assays.

Although an F value of 5.0 is significant at 5% level on these degrees of
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freedom, many greater than this will occur when large numbers of
independent tests are performed (say 300 per assay). Thus the cut-off

value for F was taken as 10.0 and unknown samples with F value exceeding .

10.0 for homogeneity were rejected and re-assayed.

Quality control, linearity, parallelism and slope of dose

response curve.

(a) LH assays : Linearity of the overall standard
curve and parallelism of the standard and control curves were achieved
in all assays (as judged by non-significant‘F test for non-linearity,
non parallelism etc). The slope of standard curve (weighted
regression of logit Yhon 1oge X, as described) lay between -0.97 and
-1.03 in all assays. Mean coefficients of variation for staﬁdard
counts within éssays ranged from about 2.0% for zero standards to

about 7.0% for the top standard.

2.6.3 FSH“éssays

Linearity of the overall standard curve was not achieved in
two aséays and those two assays were repeated. Parallelism of
the étandard and ;ontro1.curves were achieved in all the assays. The
slope of the standard curve lay between —6.97 and -1.01.
Coeffiéient of variation for standard counts lay in the same range as

LH assays.

2.6.4 Quality controi

Between: and within assay variation. For each hormone

assay system between and within assay variatibn was estimated as follows:
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with éach batch of standards a pooled ovine plasma sample was run in
triplicate at concentrations of 12.5%, 25%, 50% and 100%. Thus two
potency estimates were obtained for this sample in each assay, each

derived from 12 tubes but on different sections bf the standard curve.

- A11. these potency estimates for all aésays were tabulated and
a one way analysis of variance was performed. For any pair of

replicates of an unknown sample, a mean potency estimate can be obtained

2

with expected variance ¢“e, the within assay error variance.

For any pair of replicates in separate assays, the potency estimate

will have the same mean but an expected variance of cze + ozA, where

czA is the between assay component. Estimates of cze and czA were

obtained by the analysis described which gave results of the form:

Source of variation Expected mean square
Assay _ cze + 202A
Residual cze

The coefficient of variation % between assays was taken as:

\/ cze + czA x 100

u

Where u = mean potency estimate. The coefficient variation of

within assays was taken as:

\/oze x 100

u
For LH assays, within assay variation was 7.9% and between assay

variation was 10.1%
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For FSH assays, within assay variation was 6.7% and betweeh

assay variation was 9.1%

2.6.5 Sensitivity (LH assays)

The hormone concentration corresponding to a Tevel of two
standard deviations away from the zero standard (minimum detectable
dose) was between 0.123 and 0.243ng/ml1 in all assays, with a mean of

0.183ng/ml.

2.6.6 Sensitivity (FSH assays)

The hormone concentration corresponding to a level of two
standard deviations away from the zero standard (minimum detectable
dose) was between 26.35 and 34.36ng/ml1 in all assays, with a mean of 29.3]

ng/ml.
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Chapter 3: Modification of gonadal function through negative

feed-back

3.1  Introduction

It is well known that the normal gonadotrophic stimilation
is buffered through negative feed-back. Gonadotrophins from the
pituitary stimulate the gametogenic and the horména] activities of the
gonads and the gonadal hormones in turn feed-back on the hypotha]amus/
pituitafy to control gonadotrophin. release. At present improvement
of gonadal function in the female depends on the use of exogenous
gonadotrophins. High variation in response to exogenous
gonadotrophins tends to limit such techniques to special circumstances

such as superovulation for embryo transfer. However recently there

 has been much emphasis on the feed-back relationships between gonadal

and gonadotrbphic hormones in mammals (Karsch Legan, Ryan and-Foster,
1977). Improvement of gonadal function through modification 6f1
negative feed-back of gonadal steroids has been considered (Land, 1979),
and between breed variation in ovulation rate in sheep was postulated to
arise from variation in sensitivity of the hypofha]amus/pituitary to

negative feed-back.

Biological activity of the circulating steroid hormones can

. be neutralised by using antibodies against steroids (Ferin, Zimmerring,

Liberaman and Vande Wiele, 1968). Active immunization against

.androsténedione (Scaramuzzi et al, 1977) and oestrone (Marsensz et al

1978) increased the ovulation rate in ewes.. Van Look et al (1978)
also reported an increase in litter size after active immunization against

androstenedione in sheep. However several workers have reported
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disruption of the oestrous cycle and anovulation in sheep after
‘active immunization against oestradiol 178, oestrone and testosterone
as described in the chapter 1. Active immunization does not allow
control of the antibody titre achieved by {ndividual animals because
‘of the variatfon of immunogenic potency between animals (Oosteriee,

1981).

Gonadotrophic re]easinj patterns after active and passive

‘ immunization has been reported (Marsensz, 1977: Rawlings et al 1976).
However mo;t“of such studies have been done either when the animals
are anovulatory after the treatment or during the anoestrus seéson.

" When the animals are {mmunized'passive]y against gonadal steroids
without disrupting the oestrous cycle the changes observed in the

| ~gonadotrophic release have not been reported.

The work described in this chapter was undertaken to investigate
fhe effeéf of passive immunization agéihst oestrone, oestradiol 178,
androstenediége_and testosterone on the plasma gonadotrophin patterns,
ovulation rate, oestrus and oestrous cycie Tength. The possibility of
increasing the litter size through modification of negative feed-back

using passive immunization was also examined.

3.2 Materials and Methods

3.2.1 Experimental plan

Sixty Welsh Mountain ewes were divided into 5 treatment
groups of equal size. One group was kept as control and the other
groups were passively immunized against either oestrone (El)’

oestradiol 178 (E2), androstenedione (A) or testosterone (T) at the
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beginning of the breeding season. Each antiserum treatment group was
subdivided into Tow and high levels and given x and 5x units of - |
antiserum respectively at the first treatment. Before and after the
first antiserum treatment gonadotrophin ré]easing patterns were studied.
Animals were given antibody on day 10-12 of the first cycle and
thereafter antibody treatment was given on day.]] of the oestrous
cycle. Animals were further immunized for anbther two cycles with
increasing antibody dose and thereafter kept untreafed for
~ two more'cycles. After two untreated cycles animals were treated again
with antiserum and at the next oestrus all the animals were hand mated.
Throughout the experiment ovulation rate, oestrus andoestrous cycle

length were recordedt'

7 3.2.2 Animals

Animals used in this experiment were Welsh Mountain ewes.
Sixty fertile 2}-3 year old Welsh Mountain ewes were brought to the
Animal Breé&ﬁng Research Organisation (ABRO) Field Laboratory,
Roslin, Midlothian on 12th September 1979; from the ABRO farm,
Rhydyglafes in North Wales. Animals were kept outside the paddocks
throughout the experiment except whgn moved inside for pre-laparoscopy
fasting, serial b]eeding or antibody injection. To supplement grass,
the animals received‘hay and cereal concentrates»during the winter
months. ~ Animals had access to fresh drinking water all the time.

Whenever the animals were fed inside they were given hay.

3.2.3 Antisera
Antisera raised-against 178-oestradiol-6-(0-carboxymethyl)

oxime-bovine serum albumin (oestradio1-6-BSA), oestrone-6-(0-carboxymethyl)
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oxime-bovine serum albumin (oestrone-6-BSA), androstenedione. -11-a

-hemisuccinyl-bovine serum albumin (androstenecione-11-BSA) and testosterone-

(0-carboxymethy1)-oxime-bovine serum albumin (testosterone-3-BSA) were
used in this experiment. Antisera made in casfrate male sheep against
each of the above conjugates namely oestrone (E]), oestradiol 17E(E2)
androstenedrone (A) and testosterone (T) were kindly supp]iéd by

Dr. B.A. Morris of the University of Surrey. in each of the antisera
the quantities obtained from different aﬁima]s were.pooled together to
form a pooled antisera against E],‘Ez, A and T. Sodium azide had

beeh added to antisera as a preservative. ‘As sodium azide is toxic

to animals, it was necessary to remove as much as possible from the

antisera. A1l four pooled antisera were dialysed against normal saline -

in order to remove sodium azide.

TWenty to twnetyfive CM 1onQ sengments of ce]ophéne_IQialysis
tubing (Visking, tubing, scientific Instrument Centre Ltd., London,
diameter 0.5cm) were immersed in distilled water for 30 minutes before
use.  Tubes were filled with antiserum and the ends were secured with
doubTe knots. The tubes filled with antisera, were placed in 3 litre
plastic containers filled with 2 Titres of nomal saline (0.9% No:1)
for 30 hours at 4%¢. During dfa]ysis saline solutions in the buckets
were changed twice. After a 30 hour dialysis antisera were
stored in 300mi and 50ml1 screw capped glass bottles at -20°C until

they were used.

—

Sample collected from each of the antibody pools after dialysis
was used to determine the antibody titre and the cross-reactivity.
The titres were determined by the method described in-chapter=2 and the

results are shown in Table 3.0. The cross reactivity was determined

3

~
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Table 3.0: Antibody titre of the antisera used in passive .

immunisation
ANTIBODY TITRE
E] 1:13,500
E2 1:52,000
A 1:17,096
T 1:26,000

by the method described by Abraham et al 1970. Table 3.1 presents the

.cross reactivity of each antisera against the tested. The frozen

Table 3.1 Specificity of antisera to oestrone (E,), oestradiol 178

- 1§2), androstenedione (A) and testosterone (T)

(percentage cross reaction).

SPECIFICITY OF ANTISERA

COMPOUND TESTED E.I E2 A T
OESTRONE 100 3 <0.001 <0.001
OESTRADIOL, 178 3.5 100 <0.1 <0.001
OESTRADIOL. 17 & 0.1 1 - -
ANDROSTENEDIONE <0.001 <0.001 100 0.5
DEHYDROANDROSTEROL - - 0.5 -
TESTOSTERONE <0.001 <0.002 0.15 100
.54 HYDROXYTESTOSTERONE - - 0.3 .29
PROGESTERONE _ | <0.002 <0.002 <0.002 | <0.002
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samples of antisera were thawed immediately prior to injection in a
water bath at 38°C. Care was taken to thaw only the required quantity

of antiserum at each occasion. Samples thawed and stored were not used -

later.

3.2.4 Recording of oestrus

Rams with mating harness and crayon (Radford, Waston and Wood,
1960) were used throughout the experiment to detect ewes in oestrus.
Vasectomised Finnish Landrace rams were used to detect oestrus as they

are reported to be the most reliable breed for detecting sheep in

oestrus (A. McGregor, personal communication). Ewes were run with

twoAvasectpmised Finqish Landrace rams. Animals were examined

everyday between 0800-0900.hours and 1600-1700 hours.  Ewes W1th colour
. marks on the rump were recorded as having been in oestrus and that

day was counted as day zero of the oestrous cycle. Every ten days the’

colour mark of the raddle was changed.

3.2.5 Recording of ovulation rate

Ovulation rate was determined by direct observation of ovaries
using a laparoscope. The technique was first successfully applied
to record ovulation rate in ewes by the workers at Laboratoire de
Physiologie de la R eproduction, Tours, France and has been described
by Roberts (1968) and Thimomier and Mauleon (1969). Laparoscopies
- wére pérformed between the 4th and 12th day after oestrus, this béing
| the time when corpora lutea are largest and easily identified (Restall j964).
The ewes to be examined were brought in late afternoon of the previous
day and starved—of‘food and water. Immediately before laparOscopy animals

were anaesthetised by using halothane (Flueothane ICI) through a gas mask.
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When the animal was anaesthetised it was kept on a trolley with the
ventral surface up and the legs were fixed securely to the trolley.

When the animal was in that position the vgntra] and lateral abdominal
wall was ;]ipped from the mammary gland up to the umbilicus area by
using electric clippers. The c]iﬁped surface was cleaned thoroughly

by using a warm sav]on solution (ICI) and dried with clean paper towels.
Anaesthesia was maintained by using a gas mixture of halothane and
oxygen applied through a face mask. The clipped abdominal wall was
again sfeki]ised with a Hibitane Solution (2:3:15 Hibitane (ICI),
distilled water, industrial methylated spirit) and dried with sterilised
paper towels. Leaving a trangular clean area outer abdomen was covered
with sterilised paper -drapes held in place with towel clips. The
trolley was tilted frbm the rear end of the sheep (about 100)

so that the abdominal wall was flat, in order that the troca”wés less
likely to penetfate the rumen or any other abdominal organ. Two skin
incisions were made either side of the mid ventral line about 15cm
anterior to.the mammary gland and 10cm lateral to the midline.

The incision on thé right side was about 0 5cm 1ong; the incision

on the left side was about 1cm long. The inciﬁions faci]itatés thev
insersion of the trocars and CanpU1&3easier; The small troca and cannula
was inserted through the small (offside) skin 1ncisfon' the trgcaf
withdrawn and the manupulator introduced through the smallcannula. The
large tirocar was inserted through the large incision on the skin.  The
trocar was wfthdrawn and the telescope and light source combination was
inserted through the cannula. Nitrous oxide gas (British oxygen company)
was introduced through the tube connected through the largecannula into
the abdominal cavity at the rate of about 5 litres/minute (measured

with an oxygen flow meter) until the abdomen sounded hollow andAfirm to
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pressure.  While observing the abdominal contents through the telescope
the trolley was Qradua]]y tilted further, such that the animal's head was
Towered.  The omentum followed by the viscerae moved forward exposing ‘
the uterus. Location and examination of the oQary suspended on the

broad 1igament was facilitated by the manipulator inserted through the
small cannula. If the trolley was tilted too far the uterus fell over the
ovaries and if was difficult to observe ovériesl> If tHe trolley was further
tilted the bladder would fall over the uterus. In‘tHis event it was
necessary to tilt the table to the opposite direction, back to the

original position, such that the p]adder, uterus, viscerae and omentum all
fell back into place. The ti]tfng porcess was then repeated. After
examining all the surfaces of both ovaries the number of corpora lutea

-

present in each ovary was recorded. ' The trolley was tilted back to the

N
i

horizontal position and sma]]caﬂﬁ@aa manipulator and telescope were
withdrawn and as much nitrous ox&dé as possible was expelled. The
larae caﬁhu]awas withdrawn and optocal (Willington, medicals),
bacteriostatic powder, was jntroduced into the skin incisions. The
skin was then closed over with Michel clips, usually one for the small
incision and two for the large incision. The clips were removed about
2 weeks later, or prior to the subsequent laparoscopy. The layers
of the abdominal wall tended to slide over so that the holes were
discontinuous. Four ml of Streptopen (Procanine penicilline - G and
dihydrostreptomydr1G]axo, Laboratories) were injeéted into the rump
musc]es;-‘ The face-mask was removed and the animal was 1ifted to the
floor of the recovery pen. Animals were observed -until recovery was
certain and kept in the recovery pen wifh hay and water until late

" afternoon and then taken back to the paddock.
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3.2.6 Synchronisation of oestrus

On 25th September (1978) progestagen impregnated vagina]i
sponges (Veramix, Upjohn) were inserted into the vagina of all the
animals except for the animal 5FL003. Ahima]l No. SFLO0O3 had a
small vaginal orifice and it was anaesthetised using halothane
(Flueothane ICI) and a progesterone implant was.introduced
subcutaneously to the left axillary region. Vagina] sponges were
removed from all the anima1§ after 14 days (9th Octbber in the
afternoon). The progesterone implant from SFLO0O3 was also removed
at the same time under halothane anaesthesia. Two vasectomised Finnish
‘Landrace rams with mating harnesses were introduced to the ewes. From
the fo]]bwing morningionwards ewes were observed for oestrus twice daily -
and animals in oestrus were recorded.l Of the 60 animals 50 animals
.showed oestrus on the 11th and 12th of October. Another 8 animals
showed Oestrus either on 9th October or after 12th Octobér. Progesterone
impregnated vaginal sponges were introduced to the 10 animals fhat did
not show oestrus either on 11th or 12th October, onl3th October _
the sponges were withdrawn seven days later (on 26th October) and 100mg of
prostaglandin an (Estrumate ICI) was injected intramuscularly in order
to synchronise 6estrus of these 10 animals with the expected oestrus
of the other 50 animals. A1l the animals were laparoscopied on

. 17th, 18 and 19th October and oVu]ation rate was recorded.

3.2.7 Antiserum units

As there are no proper data available on the passive immunisation
against gonadal steroids in sheep the work done by Fairclough et al
(1976) was taken as the basis for the antiserum treatment. Although it was

intended to give a lesser dose than the latter workers, the appropriate
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dose was not known, so that two lower doses were selected arbitrarily.
The dose selected had a five fold difference at the initial antibody
injection. A unit dose (x) of each antiserum is the volume of

the particular antiserum that is equivalent to 5ml of antiserum with

a titre of 1:52,000.

3.2.8 Serial bleeding

- The fifty animals that came into oestrus on 11th and 12th
Qctobér.were randomly divided into five groups of equal size. The

five groups were control (C) and treated with either anti-oestrone
(TE),‘anti-oestradio1 178 (TE2) anti-andradtenedione (TA) or
anti-testosterone (TT)'serum. Experimental animal groups are

shown in Table 3.2. .Anima1s were brought in on 21st October in

late afternoon.énd Both sides of their necks were clipped in order

to facilitate easy bleeding from the jugular vain. Animals were
allocated to a row of ten pens (7' x 10' each bedded with wood shavings).
Each pen had- five anima]s one aniha] randomly taken from each of the five
‘treatment groups. Animalshad access to hay-ad-libitum and fresh

drinking water.

A1l these animals were in day 10-12 of the oestrous cycle on
22nd October. Starting from 0800 hours on 22nd October -blood
- samples were collected from all the 50 apima]s every half hour until 1330
hours. 1B]eeding was by acute puncture of the jugular vain using a
26G x 1%" vacutainer needle (Betkton, Dickinson and Co.) into an
evacuated heparinised 10ml glass tube. Ten ml. of blood was collected
from each animal on each occasion. Blood samples were centrifuged in a

refrigerated centrifuge at 4°C and plasma was separated and each sample
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Table 3.2 Number of animals in each of the treatment group

during. the six oestrous cycles

TREATMENT GROUPS
OESTROUS -

CYCLE LEVEL TE TE TA T C
1 2 1 1
L 5 5 5 5

1 10
H 5 5 5 5

L 6 6 6 6 '

2 12
H 6 6 5 5
L 5 6 6 6

3 12
H 6 6 5 5
L 5 6 6 6

4 12
H 6 5 5 5
L 5 6 6 6

5 12
H 5 5 5 5
L 4 5 5 5

6 1 10
H 5 4 4 4

L = Low level; H = High level

TE, TE2, TA, TT and C are treated with anti—oeétrone,
anti-oestradiol 178, anti-androstenedione, anti-testosterone and
control respectively.
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was stored in two separate 3ml polystyrene cups at -20°C until
assayed. At 1400 hours all the animals were injected with either
saline, anti-oestrone, anti-oestrodio] 178, antj—androstenedione or
anti-testosterone serum intravenously thrbugh.the Jugular vein .
Control animals were injected with 50m1 sterile normal saline.

Other animals were given 'x' or '5x' volumes of-anti-serum to

the low and high ]eve]s.respeétively. Anima1§ were restrained and
the injections were given as slowly as possib]e in order to minimise
cardiovascular reactions. Biood Samp]ing was resumed at 1430 hours
and continued every half hour until 0730 hours the following day.
Blood samples were not collected from the animals at 1930, 2000,
0200 and 0230 hours ih order to rest the animals. The bleeding schedule-

is schematically illustrated in Figure 3.0.

3.2.9 Antiserum treatment in the following cycles

After serial bleeding all the sixty animals were kept together
in a single Baddock with two raddled vascetomised rams. A1l 60
.animals came into oestrus approximate]y 17 déys after 11th October
(around 27th October). From the ten animals that were not originally
allocated to treatment groups, -two animals were randomly allocated V
to each of the five treatments. . Animals were treated in the
following two cycles on»day 11th of the oestrous cycle. Control
animals had the same treatment as before. High Tevel had 10x
and 5x and the low level had 5x and 74x units of antiserum respectively
in the two successive cycles. Thereafter animals were kept untreated for
two more cycles. After two untreated cyc]es two animals were
randomly taken from each bf the five groups to be treated with a mixed

antiserum. A1l the animals from the previous four groups treated with_.
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Figure 3.0. Blood sampling schedule for Welsh Mountain ewes

Date 22/10/79 1 2 3 4 5 .6 7 8 9 10 11 12 13 14 15

0800 0830 0900 0930 1000 1030 1100 1130 1200 1230 1300 1330 1400 1430 1500 1530

Antibody Injection
16 17 18 19 20 2. 2. .. .. . 23 24 25- - 26 27 28 29

1600 1630 1700 1730 1800 1830 1900 1930 2000 2030 2100 2130 2200 2230 2300 2330

Date 23/10/79 30 X 32 33 34 3 36 37 38 39 40 41

0100 0130 0200 0230 0300 0330 0400 0430 0500 0530 0600 0630 0700 0730

Sample
Time

Sample

Time

w0

Sample:

Time
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antiserum were given 5x dose of their respective antisera. . The
actual volumes of antiserum given to each of the sub-groups in the
four treated occasions are given in Table 3.3. The new treatment
group formed was given a mixture of antiserum which contained 1.25 x
units of antisera of each of the four antisera. The composition
of a single dose of mixed antiserum is given in the Table 3.4.  When
the volume of antiserum given to an animal excéédgd 100m1, treatment
was given in two equally divided doses in the mornihg and. afternoon.

Oestrus was recorded throughout the experiment. Ovulation rate

was recorded after each oestrus.

During the course of the experiment 4 animals died.
One animal died during surgery. Three animals that were sick before
death wereiutopsied by the Royal Dick Veterinary School, Edinburgh.
‘Postmortum exahinations revealed that two animals died of accute
pasturella pneumohia and the other from an undiagnosed oesophagial
haemorrhage.

—

3.2.10 Mating of ewes after last treatment

When the animals were found in oestrus after the last
tréatment_ewes were hand mated twice, immediately after heat
detection and approximately 12 hours later. Scottish Blackface rams
were used for matingé. A11 the ewes were managed as a.group_and the
anima]s"returning fo oestrus after mating were recorded. Their

lambings were recorded in July 1980.

3.2.11 Blood sampling for antibody titration

After the first antibody treatment a blood sample was collected

from all the animals on day 13 of the cyc]e.. In the following treated

cycles blood samples were collected
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Table 3.3: Volume (ml) of antiserum given to each of the levels

' in the four treated cycles.

| TREATMENT GROUPS
OESTROUS UNIT
cveLe | Level | pose e |, | o T,
L | x | 19.25] 5 | 15.29| 10
] Ho| sx | 96.25| 25 | 76.45| 50
L 5x | 96.25| 25 | 76.45| 50
‘ Ho | 10x | 1925 | 50 | 152.9 | 100
L | 73x | 144.5 [37.5 | 114.67 | 75.00
’ H 5x | 96.25| 25 | 76.45| 0
| L 5X | 96.25| 25 | 76.45| 0
° H 5x | 96.25| 25 | 76.45| 50

Table 3.4: The composition of a single dose of mixed antiserum

ANTISERUM VOLUME (m1)
E4 24.06
Es | 6.25
A] 19.11
T 12.5

61.92
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on day 5, 11 (immediately before antiserum treatment) and 13.
In the untreated cycles samples were collected only on day 5 and

11.

3.2.12 Measurement of hormone levels

In the samples collected during the intensive bleeding LH and
FSH Tlevels were determined before and after antiserum treatment. There
‘were 12'samp1es before the antiserum injection and 31 samples after the

antiserum treatment.

Estimation of LH levels in the plasma samples was done by a
modified double antibody radioimmunoassay method described by
Carr and Land (1975). Plasma FSH levels were determined by a
double-antibody radioimmunoassay method described in the Chapter 2.
Samples collected from a single animal were run in a single assay
for each hormone except for a small number (about 5%) which had
to be reassayed. Samples collected from all the five animals in
an individual pen were assayed together in a single assay. Groups
of 15 samples were randomised in sequence for the assay.

3.2.13 Antibody titration

Titre of the antibody in the jugular venous plasma for the
four antisteroid antibodies were determined by the method of

Scaramuzzi et al (1975).

3.3 Statistical analysis

Statistical programme
The analysis of the data in this experiment was performed

using statistical package GLIM (Royal Statistical Society, London).
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The GLIM programme is an iterative maximum likelihood programme which

may be used to fit Tinear models with various link functions. An

identity 1ink function gives the normal analysis of variance linear model

with parameter estimation after one cycle of iteration.

3.3.1 Number of LH pulses

An objective method of determining the LH pulses was used
(Brinkly, Willfinger, and Young, 1973; Wilfinger, 1974). For the
purpose of determination of LH pulses the data collected from each
animal was treated initially as a separate set of data. In each
animal LH concentration was shown to be skewed to the right
(significant coefficient of Skewness, q]) due to small number of
'higher concentrations associated with LH pﬁ]ses. Figure 3.1 illustrates
the nature of the LH data from nine individual animals, one animal
taken from each treatment qgroup and level. Further analysis indicated
that the data actually consisted of two populations of concentrations.
To sepérate the plasma sample concentrations into their respective
populations the sample values were ranked from the highest to the
Towest concentrations." Higher values were removed one by one from
the data set until qq was no longer significant. The critical value
for the coefficient of skewness was taken as 0.062 which is
tabulated as the 5% point based on the sample size of 30 (see table
34B of tables for statisticians and biometricians vol. 1970). The
remaining data subset of smaller concentration values were normally
distributed.  This latter subset was designated the “baseline
population”. For each animal a cut off point was calculated és
baseline + 2.5 standard deviations. The mean and the standard deviation

was calculated for the baseline population, Successive concentrations
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above the baseline which contained one or more concentrations that
exceeded 2.5 standard deviations of the baseline were significant
(P<0.05) and indicated the presence of a real surge. Where 3 or more
consecuti?e samples lay above the cut off point the number of pulses
in that set of samples was taken to be the number of peaks observed,
two peaks being separated by a sample whose potency was at least ore

standard deviation less than the adjacent peak.

Presence of LH pulses was determined as above and the pulses
wére calculated for each animal for the first 12 samples and the
subsequent 31 samples. Statistics obtained by this procedure were
objectively derived and permitted the objective numerical descriptioﬁ
of each animal's LH pulse during the sampling period. Since the
samples were collected every half hour; the number of true pulses
occuring hay differ considerably from the number recorded because of the
missing peaks but it is assumed that the bias is consistant throughout

all treatment groups.

LH pulses in the first 12 samples were analysed in all
the treatments and Tevels to detect the presence of chance differences
among treatments and levels. In the moge1 treatments and levels
within treatments were fitted as factors. In.the analysis it was
assumed that the number of LH pulses have a poission distribution.
The GLIM programme was used to ana]yée the data with the poission error

and with log 1ink function.

LH pulses in the 31 samples collected after the antiserum
treatment were also analysed in the same way as the first 12 samples.

In the model treatment and Jevels Within treatments were fitted as
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factors. A treatment x level, interaction term was also fitted.

3.3.2 Mean LH concentrations

Another analysis was done to determine the differences in
the mean LH levels in the treatment groups. As the coﬁsecutive samples
are highly correlated every other sample was considered in this
analysis. Samb]es collected every hour were subjected to analysis
of variance. To bring the distribution of LH values closer to
normality the LH data were transfdrmed into logarithms. Therefore
analysis of LH data Were conducted on a log scale. In the model whole
set of data were considered together. The total set. of 43 samples were

devided into five occasions as follows:

Sample 1-12 ~ Occasion 1
Sample 13-18 Occasion 2
Sample 19-23 Occasion 3
Sample 24-32 Océasion 4
Sample 33-43 Occasion 5

After dividing the 43 samples to five occasions the design of the

experiment is as follows.

GROUP Group 1,2,3,4,5
Occasion 1,2,3,4,5
oz 3 4 Treatment 5
1 of0o|0O0]0]O (1) 0 = No antiserum
2 O [1 23|34 (2) 1 = Anti-E1l
Occasion 3 0O (112 }3}4 (3) 2 = Anti E2
4 o112 (34 (4) 3 = Anti A
5 o1 (2|34 (5) 4 =~Anti T
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For the purpose of the analysis all the cells with zero values
were coded as treatment 1 and the cells with either 1,2,3 or 4
. were coded as treatment 2,3,4 and 5 respecfivé]y. In the model
treatment, occasion, levels within treatment and animals within group
were fitted as factors. Treatment x occasion, freatment x level two
way interactions and treatment x occasion x level three way interéction

were also fitted with the main effects. In this analysis treatment x

animal interaction was not considered.

3.3.3 Mean FSH concentrations

FSH potency data obtained in the first 12 samples collected
before and 31‘samp1es collected after the antiserum treatment were
transfornmed into 1ogar%thms to bring the distribution closer to
normality. Befbre analysing the total data set the first 12 sgmp]es
from all the animals were subjected to analysis of variance to look
for chance differences between the treatments and levels. In the
model treatment, levels within treatment and animals within levels within

treatment were fitted as factors.

In the final analysis all the 43 samples were considered
together. The 43 samples collected during the sampling period were

divided into 5 occasions as follows.

Sample 1-12 ‘Occasion 1
~-lSamp1e 13-18 Occasion 2
Sample 19-23 Occasion 3
Sample 24-32 Occasion 4

Sample 33-43  Occasion 5
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After dividing the 43 samples to five occasions .the design of the
experiments was equivalent to mean LH analysis. There were 5 grodps,
5 treatments and 5 occasions. Data were subjected to analysis of variance.
Treatment, occasion, levels within treatment ahd animals within group
were fitted as factors in the model. Treatment x occasion, treatment X .
levels two way interaction and treatment x occasion x level three way
interaction terms were fitted with the main effeéts. In this analysis

treatment x animal interaction term was not considered.

3.3.4 Ovulation rate

In order to investigate the chance differences between the
treatments and levels ‘the pre-treatment ovulation rate data were
subjected to analysis of variance with the terms‘fitted for treatment and
- Tlevels. ' fn this analysis ovulation rate is assumed to have a normal

distribution.

To test for any seasonal variation in ovulation rate the control
animal ovulation rate data were subjected to an analysis of

variance. The factors fitted were animals and occasions.

To investigate the effect of the antiserum treatment on the
ovulation réte of the seven ovulations (occasions) the ovulation
rate data ffom all the treatment were subjected to ana]ygis of variance.
In -the model used treatment, occasions and animals were fitted as factors
and thevfitres for each of the antisera (E],EZ, A, T) were fitted as
covariates. For the titres linear and quadratic regression terms were

fitted.

The test for the effect of the mix antiserum given to a treatment
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group of animals at the seventh occasion (ovulation) a separate analysis
was done after coding those animals as 'mix'. Full model fitted for
total ovulation data was fitted with the extra term 'mix' and the

factor 'mix' was tested against the error from the full model .-

3.3.5 Oestrous cycle length

For the analysis of oestroﬁscyc]e 1en§th for the six
occasions (cycles), cycle length was considered to bé normally
distributed. Number of models were fitted to oestrous cycle length data.
However the best fit was found in the model which included treatment,

occasion, animal and treatment x occasion interaction.

3.3.6 ~Oestrus

_ " In this experiment for the animals in the six occasions

(oestrous cycles),. animals were coded 1 for showing oestrus and 0 for not
showing oestrus. The oestrous data were analysed using a

binomial model. In the modé] treatment, occasion and animals withjn
treatment were fitted as factors. A treatmeht.x occasion interaction term

also was fitted.

3.3.7 Lambing data

Two analysis were done for the lambing data. A GLIM analysis
was done looking at the proportion of lambs born alive per ovulation
observed;l The terms fitted were treatment, ovulation rate and the
interaction between the two terms. The interaction term was not signifi-
cant aﬁd it was dropped from the model. The ovulation rate effect was
substantially biggef and it was kept in the model. In this analysis

a binomial model was used.
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Two tables were prepared from the proportion of ovulation

and lambs born in each group as follows:

Ovulation
0 1 2 3
Control : 10
AT 4 4
E2 2 1T 3 3
A 4 5
T 5 5
Mix . ' 7 3.
Lambs
0 1T 2 3
Control 2 8 0
El 3 5 1 0
B2 ' 4 5 0
A 2 5 2 0
T | 4 5 0
Mix B 7 2 0

Varijous tests were carried out on these tables: either
randomisation test of the whole table or Fisher's exact test of

difference between each treatment and the control group.

3.3.8 Antiserum titre and half-1ife of antisera

Antiserum titres obtained after the first antibody injection

were subjected to analysis of variance in order to determine the
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differences between treatments and levels.

The data Qsed to estimate half-1ife are from the titres.
observed befween day 13 of the 3rd oestroué cycle and day 11 of the
6th oestrous cycle, as the animals were not injécted with antiserum during
this pérdiod. Considering the day of injection (11th day of the

" 3rd oestrdus cycle) as day zero and assuming a 17 day oestrous cycle
the titres considered were those measured on days 2, 11, 17, 28, 34,

45 and 51 after the injection. Thus there were seven occasions per
animal and 12 animals per antiserum treatment group, each treatment being
sub-divided into two levels of 6 animals. The two levels differed in the
sequence of antiserum jnjections received during cycle 1-3. After
the 3rd antiserum injection it was intended that the titres would be
similar in the two levels. The object of this analysis was to

“investigate the'rate of "decay" of the antiserum within the animals

and to produce an estimate of half 1ife of each of the antisera.

It was assumed that the'change in titre over time of each of
the antisera might be modelled by the function y = ea+bt

where t is time, y is titre and e, a and b are constants.

logy = a+ bt and so t = log(V¥) - a

~ b

log titre Tog(e) (Y) = a + bt

y time
4

‘Let b be defined as the rate of decay of antiserum. The half-1life is
.defined as the time taken for the titre to halve in level and it can

be shown that the half life is independént of the initial titre
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Let to be a time when titre y was attained.

- Let t1 be a time when titre y/2 was attained

Then half-life = t1 - to
= (Tog (Y/2)sa){1og(y)-a)
b
= _ log (3)

1
b
1
=-(=) log 2 which is
b

independent of initial titre.

To estimate the half-1ife, log titre was regressed on

time: the slope of the regression line and the associated standard
1

b"error was estimated. The half-life was calculated as (-_ ) log 2
with a standard error of (S/b2) log 2 where S is the stanaard error

of the regression coefficient.

The statistical package GLIM was used to estimate the
regression and each antiserum group was treated separately but in the
~ same way. Regression lines were fitted to log (titre), different lines

being fitted to each animal's response. ~ The model may be summarised by:

Yijk =u + Le.Anj(i) + Le.An.Time k(i3) f eijk

where “:Yijk is the log titre observed in the jth animal (AN)

(5= 1,6 )of the ith level (Le) (n=1,2) at the kth time (k=1,7).

It js assumed that the error term (eijk) is normally distributed with
mean zero and variance 02. Sub models of this moael were fitted

in order to pnoddke F tests of parallelism of the slope of the lines for
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animals within a level, of the-Tines for all the animals and of

the slope of the two level lines produced after pooling the data to form
one line for each level. Similarly F tests for the equality of the
intercepts of those sets of lines were constructed.

’

3.4 Results

3.4.1 Number of LH pulses

When the LH pulses were examined in the first 12 samples
(number of LH pulses estimated for 5 hours and 30 minutes) in all
the levels (high and Tow) and treatment (control, E1, E2, A and T)
there were no significant differences between the Tevels and treatments.
As there are no group differences in the pretreatment LH pulses it shows
that there are no chance-differénces among groups. The analysis of

variance table is given in Table 3.5.

Table 3.5 Analysis of variance for pre-treatment LH pulse date

EFFECT DF MS F. RATIO

Levels (high and Tow)

within treatments 4 0.226 0.201
Treatments 4 0.297 0.248
Error 41 1.123

In the analysis where the pulses occuring in the 31 éamp1es after
the treatment were considered there were no significant treatment effects
on the number of LH pulses. However, the levels had a significant

effect on the number of LH pulses. The analysis of variance table is
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given in Table 3.6. The factor treatment also approached significance at

5% level. The fitted values for-pulses from each of the levels

and treatment shows higher number of pulses than the control indicating

that the treatment increase the number -of LH pulses. The fitted values for

the pulses for each of the treatment and levels are given in Table 3.7

Table 3.6 Ana]ysisAof variance for post-treatment LH pulses

EFFECT DF MS F. RATIO
Treatment 4 1.706 2.369
Levels (high and low)
within treatment 4 1.947 2.704*
Error 41 0.720

Table 3.7 Fitted values for number of LH pulses estimated for

15 hours after treatment, with standard error

CONTROL El E2 A T
2.6 2.8 2.0 2.0 Low
. (0.72) | (0.75) | (0.63) | (0.63) ,
(0.41) 3.0 4.2 3.8 4.0 tiah
(0.77) | (1.13) | (0.87) | (0.89) g

A1l the high levels had higher fitted values indiCating a dose effect

of the number of LH pulses.
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3.4.2 Mean LH levels

In the analysis where mean LH values were tested for differences
there were significant (P<0.01) animals and occasion effects.
Treatment effect also approached 5% signfficanée level. Treatment X
level (High, Tow), treatment x occasion two way interaction and
treatment x occasion x level (high, lTow) three way interactions
were significant. Anyalsis of variance tab]e'ig_giVen in Table 3.8.
Table 3.9 gives the individual animal LH (ng/ml) levels over the five
occasions for each of the treatments and levels. Figure 3.2 shows the

graph drawn for the fitted values for each of the level and occasions

in the five treatment groups. In general mean LH levels increase after the
treatment and it tends to come back to normal after 12-15 hours. As
'the_ﬂeve1s do not behave in the same way statistically significant

jnteractions are explainable.

Table 3.8 Analysis of variance for mean LH levels

Effect DF - MS F. ratio
Occasion 4 1.238 4.932**
-Treatment 4 0.569 2.226
Animals within group 43 2.265 9.023**
Treatment x occasion 12 0.796 3.17%*
Treatment x level (high,low) 14 0.738 | 3.119*
Tkeaéﬁeny x level (high,low) 12 0.647 2.577*

X occasion

Error 976 0.251
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Table 3.2 ° Fitted LH values over the five occasions for each
of the levels and treatment groups

- Control

- Oestrone low level

- QOestrone high level

- = Oestradiol Tow level
Oestradiol high level

- Androstenedione low ley
- Androstenedione high le
- Testosterone low level
- . Testosterone high level
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Individual animal LH (ng/ml) levels over the five occasions for each of the treatments and

Table 3.9 levels
Treatment & Occasion Treatment & Occasion Treatment & Occasion
animal no. 1 2 3 4 5 animal no. 1 5 3 4 5 animal no. 1 5 3 4 5
Control 1 [1.51510.958/0.896/0.913]0.907 E2 Low 21 {1.025{1.096|1.052}0.557|1.724|T Low 41 ]1.234]1.895{0.792]0.698/0.352
2 10.780]0.673]0.885]0.804]0.813 22 11.256|0.685]/0.695/0.833{0.806 42 11.393]1.274]1.174}11.565|1.051
310.759]2.572{0.936/0.722{0.684 23 11.931]1.786{1.45411.683|1.539 43 10.893{0.437{0.772]0.603}0.420
4 10.785|0.451{0.905{0.44710.442 24 10.80111.297{0.730(1.118}0.934 44 10.313/0.493]/0.31910.780(0.400
510.992]0.575|0.466|1.121]0.540 25 10.948}0.532{0.589{0.554|1.582 45 10.866}1.847|0.745/0.638]/0.637
6 11.359[2.602{1.158}1.454}1.935 E2 High 26 {0.845{1.000}0.940}1.294|0.647|T High 46 |1.335]0.952}1.025|1.461{0.862
7 11.026}0.692|0.659/0.748{0.770 27 11.01110.683]1.129/0.864]0.581 47 10.939/1.070/0.867{1.117]0.347
8 10.882|0.54410.345/0.561(0.379 28 11.081/0.858/0.904]1.550]0.504 48 10.734(2.478/0.087|0.696]/0.646
9 10.807}1.017{0.743}0.822]0.861 29 11.325(0.784/0.88211.392]/0.915 49 11.,104|0.739/1.35211.414(1.259
10 {1.425/3.810|1.462|1.210{2.061 30 11.358}1.144}1.329]1.802{0.955 50 ]0.87711.946/0.931|/0.911{0.871
E] Low 11 |1.966}0.705]1.255/0.824]0.680{A Low 31 |0.487]0.390/0.411/0.573}0.485
12 11.276]1..116|1.845[1.513(0.992 32 11.896(0.800|1.073]|0.857]/0.933
13 10.848]0.97210.732}1.009{1.093 33 }1.76211.386]1.440]1.624]1.396
14 10.865/0.472}0.552]1.029/0.568 34 10.845{1.588}1.486|1.132|0.416
15 11.87111.249{0.943] 3.588] 2.388 35 11.07410.756{0.981{1.042]0.582
E] High 16 |2.276(2.272}1.950] 2.330] 3.030] A High 36 [0.821]0.586/0.82110.586/0.918
17 {1.006{0.770}1.371)1.784] 1.898 T 37 11.238]1.315]0.884|0.920]1.545
18 |0.867/0.899]0.762|1.200{1.542 38 10.919(1.069/1.685[1.219{0.892
19 11.319/0.900}1.434] 3.246| 3.429 39 [0.939{1.871{1.509{1.353}1.689
20 10.824]0.691]1.131}1.136]0.852 40 [0.969/0.895/1.163[1.199]0.961
Mean Mean Mean _
Control 1.03111.389{0.841{ 0.880} 0.939 E2 Low 1.192]1.079/0.804]10.949|1.317f T Low 0.939/1.189 0.760|0.856]0.572
E] Low 1.365] 0.903]1.065 1.592| 1.144 E2 High 1.12410.892} 1.036{1.380]0.720] T High 0.997]1.437; 0.972]1.119/0.797
E] High 1.258{ 1.106}1.329 1.939] 2.150| A"Low 1.213{0.984] 1.078{1.045{0.762 . :
A High 0.97711.4721.212}1.055(1.201

e
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3.4,3 Mean FSH levels

When the FSH values from the first 12 samples (before
treatment) were subjected to ana1ysis of variance there were
no significant treatment or level differences but the variation
due to animals within levels within treatment was significant.
Although with high animal variation there were no significant
chance differences between treatments and levels. The analysis of

variance table is given in Table 3.10.

Table 3.10 Analysis of variance table for pretreatment FSH data

Effect ' DF MS F. ratio
Level (high and low) 4 0.961 0.972
Treatment 4 0.983 0.994
Animals within levels
within treatment 41 0.988 5.581**
Error 484 0.177

Levels and treatments were tested against animals and the

animals were tested against error.

In the analysis where all 43 samples were considered there
~ were significant effects due to animals, occasions and treatmen groups.
It indicated that the antiserum treatment increased the FSH levels.
fhe analysis of variance table is given in Table 3.11. Individual
animal mean FSH (ng/ml1) levels over the five occasions in the

five treatments are given in Table 3.12. The fitted values for each

of the occasion and levels are graphically presented in figure 3.3.



) Figure 3.3. Fitted FSH values over the fine occasions for each
' of the levels and treatment groups.
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Table 312  Individual animal FSH (ng/ml) levels over the five occasions for each of the treatments and levels
Treatment & Occasion Treatment & Occasion Treatment & Occasion
animal no. 1 5 3 5 animal no. 1 2 3 4 animal no. 1 2 3 4 5
-Control 1 {62.12{65.86|70.05|66.00|66.36 E, Low 21 177.39183.86/88.76]71.65/70.83]|T Low 41 [108.9[/107.8/105.8{110.1{90.89
2 [80.46(73.89|70.44(57.08{57.96 22 190.56/102.5[89.41{97.14[116.0 42 {90.43}90.89]/101.41101.4]93.10
3 196.51(97.47{113.7]96.94(82.27 23 |58.20172.71{74.84(71.51(77.28 43 1144.91142.3[141.1|137.7]136.6
4 1105.0{120.2]117.4]102.3]95.76 24 1178.8{184.11180.11166.3]155.0 44 175.38]85.62|95.80184.09(78.21
5 186.19|117.3]110.3|93.72{95.94 25 |75.80]77.62|68.78]53.81]55.61 45 174.50194.28{92.37180.84}71.68
6 |186.3]216.3[208.1/186.7]|218.6 E, High 26 |74.81183.94193.25191.69|77.35|T High 46 [123.1(157.9(154.5{143.5{131.4
7 184.231110.8]98.64|79.69190.28 27 183.00{131.4{135.7189.76|68.65 47 1146.8{117.4|130.9]114.6{117 .1
8 [79.17/80.00{82.01|76.03/70.14 28 187.60{108.9199.84(81.82}99.02 48 [87.15[91.40|81.80]87.66]82.29
9 191.92/106.4{95.57(67.98|88.96 29 167.39(83.63|76.46]59.83|55.83 49 ([83.16]84.30184.50182.15]80.11
10 [154.71185.71176.8]143.9|182.6 30 |66.27(82.61]75.31]58.71]54.33 50 ]93.26]90.26{95.27194.12{94.37
Ey Low 11 1116.2{114.81119.0|108.3|88.78|A Low 31 {83.16{92.43|83.18{64.55|58.52
12 1108.3]113.1]75.44{62.66/90.56 32 |87.67]|82.44|67.52}65.32]85.70
13 1120.9{100.4(96.97]87.96]108.3 33 {75.16{101.3{98.61]76.58|56.84
14 161.63[/69.23(63.06/48.53|59.52 34 186.30{79.80]89.48194.00]96.30
15 |[87.14(98.82]107.6{110.4{113.1]. 35 182.60176.67]77.66(74.58]62.40
E, Highle 164.22)88.10]80.66]65.95/80.36[A High 36 [94.79]105.1(106.0{79.36|77.41
17 168.16(117.9]107.0{86.08{106.8 37 191.13196.49}96.86187.44182.19
18 |61.25{90.57(81.40{52.10}64.98 38 178.93/85.55/83.83]85.59]68.03
19 1125.4{153.0132.3{98.44|81.45 39 {80.44]81.71183.31180.31|82.51
20 163.21]86.23(78.61]63.91{78.25 40 |94.36(91.37(96.37|95.11}94.17
Mean Mean Mean
Control 102.61117.41114.3197.03{104.8 E, Low 96.15/104.1{100.3{92.08[94.94{ T Low 98.82|104.171107.291102.75/94 .06
Ey Low 98.82(99.27 [92.4183.57{92.05 E, High 75.18198.09f95.71176.36{71.03| T High 106.7 1 108.3§109.4{104.41101.1
E; High 76.441107.16{95.99]73.29{ 82.36{ A"1ow 82.91(86.52|83.29]75.01}71.95
A High 87.93(92.13]93.27|85.56]80.86

® NI~
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In general FSH values increase after treatment in the groups treated
against oestrone and oestradiol 178 and it tends to come back to -

normal in the 5th occasion, after 12-15 hours.  As the levels do nof
behave in the same manner over the five éccasions the statistically
significant'treatment X occasion, treatment x level and treatment x level

x occasion interaction terms are explainable.

Table 3.11  Analysis of variance for FSH data (all 43 samples)

Effect DF MS F. ratio
Occasion ' 4 1.835 83.409**
Treatment . | 4 1.257 | 57.136**
Animals within group 43 2.867 130.318**
" Treatment x occasion 12 0.115 | 5.227%*
Treatment x level (high,low) 4 0.157 7.136%*
Treatment x level (high,low)
X occasion 12 0.098 4.454**
Error 976 | 0.022

The absolute FSH values are graphically presented in Figure 3.4

3.4.4 Ovulation rate

" In the pretreatment ovulation rate data there were no
significant differences between treatments and levels (high and low).
It indicated that there were no chance differences between the
treatments and 1eve1s. The analysis of variance table is given in

Table 3.12A.
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Table 3.12A. Analysis of variance for pretreatment ovulation rate

data
: ™
Effect DF M. square F. ratio !
Levels
(high and Tow) 4 0.042 0.156
Treatments 4 0.131 0.488
Error . 55 0.268

When the control animal data were tested for season variation
there were significant seasonal differences in ovulation rate.
Towards the end of the breeding season the ovulation rate significantly
reduced. There was also significant animal variation (P<0.01).

The analysis of variance table is given in Table 3.13.

Table 3.13: Analysis of variance for seasonal differences in

ovulation rate

Effect DF S. square | F ratio
Animal 11 0.568 3.527**
Occasion =~ 5 0.587 3.645%*
Error 55 N0.161

When all the ovulation rate data were subjected to analysis of variance

there were significant (P<0.01) differences in ovulation rate between
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the treatment groups. Analysis of variance table is given in Table

3.14.

Table 3.14: Analysis of variance, ovulation rate data from all the

animals

Effect , DF MS F. ratio

Linear Eegression-due to titre
before the quadratic regression

ETt 1 1.541 4,479%*
E2t 1 0.071 0.210
At 1 0.009 0.026
TE 1 0.879 5.583**
Quadratic regression due to titre
after the Tinear regression
E1t2 1 0.414 1.232
E2t2 1 3.832 11.404**
At2 1 1.214 3.613**
Tt2 1 0.188 0.559
Treatment 4 0.094 0.109
- Occasion 6 1.286 3.821**
Animal _ 55 0.859 2.552**
Error 330 0.336

t = 1ineér regression of ovulation rate on titre
t2= quadratic regression of ovulation rate on titre

Treatments were tested against the animal mean square and the
other terms were tested against error mean square.

There were significant effects on ovulation rate due to
E],Esz and T antisera. E; and T showed linear effects due to titre.
and A show quadratic effects. There were no significant treatment
effects for ovulation rate after removing regression effects due to
titre. However the treatment effects were almost entirely explained

by the titre regression terms. For the titres E2 and A had significant
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Quadratic effects (P<0.01) and E] and T had sighificant linear
effects (P<0.01). | The effect of occasion and animals were also
significant. \ In general ovulation rate wasincreased after the
treatment. Figures 3.5 and 3.6 show the graphs of ovulation

rate plotted against each of the occasions (oestrous cycle).-

When the treatment is stopped ovulation rate is reduced.

Towards the end of the breeding season ovulation rate is increased
due to treatment. Figure 3.5 shows the ovulation rate results in
comparison with the control group;

The fitted curves for the ovulation rates for each of the antisera

titres are shown in Figures3.7 and 3.7A.

When the mixed antiserum treated group was tested for
effects of antiserum there was no significant effect on the mixture

group. The analysis of variance Table is given in Table 3.15

Table 3.15- - Analysis of variance for 'mix' antiserum group

Effect DF S.square M.square F. ratio
'mix’ 1 0.03 0.03 0.088
Error 329 111.025 0.337

3.4.5 ‘-6estrouscyc1e length

In the oestrus cycle length data out of the factors
considered occasion had a significant effect (P<0.01). Treatment x
Occasion interaqtioh term was also significant. Although the effect

of occasion was significant actual difference-was small. The mean

\
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cycle length of the control animals was 16.25+.26 days. The
analysis of variance table for oestrous cycle length is given

in Table 3.16.

Table 3.16. Analysis of variance for oestrous cycle length

Effect * DF M. square F. ratio
~Occasion 5 6.046 8.563**
Treatment Group 4 2.394 1.913
Treatment Group x Occasion 20 1.377 1.930*
Animals 55 1.251 1.771
Error 199 0.706

Fitted values for oestrous cycle length are given in Table 3.17.

Table 3.17 Fitted values for oestrous cycle length (days)

Control 16.25+.26
E, 17.41+.37
Es 17.54+.37
A 16.25+.37
T 16.58+.32




Table 3.17 continued

89.

Oestrous cycle

1 2 3 4 5 6
Control| 16.25+.26 | 16.25+.37| 16.12+.37| 16.58+.38| 16.02+.38 16.30+.21"
E 16.25+.26 | 15.27+.54| 15.42+.56 [ 15.76+.55] 15.97+.57 | 14.90+.65
E, 16.25+.26 | 15.13+.57| 15.03+.59 | 15.20+.59 | 16.20+.65 16.90+.57
A 16.25+.26 15.91+.25| 16.33+.55| 16.33+.55) 16.87+.56 | 14.90+.65
T 16.25+.26 | 16.75+.52 16.981.53 16.98+.53 | 16.36+.54 | 15.97+.54'
3.4.6

Oestrus

In the analysis of oestrus

data animals, treatment group,

occasion and treatment group x occasion interaction Were significant.

Rnalysis of variance table is given in Table 3.18.

Table 3.18-- Analysis of variance for oestrus-

Effect DF M. square F. ratio
Occasion 4 10.942 45 . 402
Treatment Group 4 11.051 6.421%*
Treatment Group x Occasion | 20 0.678 2.813 **
“Animals - 55 1.721 7.141%%
“Error 260 0.251

The number of animals not showing oestrus 'in each of the treatment-

groups are shown in Table 3.19.
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Table 3.19  Number of animals not showing oestrus in each of the

treatment groups

Oestrous Cycle

1 2| 3| 4] 5| s

Group Control ol of of o 1{ o
E o| 3| 3| 2| al o

E, 1} s | a| 3| 7| o

A o] o] 1 2 | 2] o

. o of of of 1] o

In cycle 1-5 each cell represent 12 animals

In cycle 6 each cell represent 10 animals

A1l the treatments did not have a similar effect on the number of
animals not showing oestrus. Out of the treatments testosterone
treatment group has less effect on the Oestrus and oestradiol 178

treatment group had the highest effect on the oestrus.

3.4.7 Lambing data

| When the lambing data were examined as proportions of
the ovulation rate in a binomial. model there were significant differences
between groups but the effect of ovulation rate was not significant.

The analysis of variance table is given in Table 3.20.
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Table 3.20 Analysis of variance for the lambing data

Effect DF | M. Square F. Ratio
“Treatment group 5 3.014 2.892*
Ovulation rate 2 1.855 1.780
Residual 46 1.042

The table prepared from the 7th occasion of ovulation
was tested by using a randomisation fest. There were clear
differences in ovulation rate between the individual treatment
group as a whole (P<0.01). The comparison of each treatment and
the control also showed differences in each as follows E (P<0.05),

£, (P<0.01), A (P<0.05), T (P<0.05) and mix (P>0.05).

The lambing data table as a whole was not significdnt
and there were no significant differences between the individual
treatment and the control except the group T (P<0.05). Table 3.21

illustrates the lambing data results.

Table 3.21 The number of lambs born to mating after the last treatment

in each treatment

Ovulation | Lambs per Ewes Lamb per
Group _ rate ewe Lambing | corpus luteum
C 1.0 0.80 8/10 8/10
E1 1.5 0.77 6/9 7/15
E2 2.28 0.55 5/9 5/16
A 1.5 1.0 7/9 9/14
T 1.5 1.5 9/9 14/14
Mix-antiserum 1.3 1.1 9/10 11/13
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3.4.8 Antiserum titre and half 1life

When the antibody titres obtained after the first antibody
injection was subjected to analysis of variance there were significantA
(PL0.01) differences in titre between treatments. The two levels
also had significantly different titres in all fur groups. 'Mean

antibody titres during the 6 oestrous cycles are given in Table 3.22.

For the half-1life data there was little evidence of variation
between'individua]s within levels affecting the rate of decay and hence
the half-1life of E], Aand T. Variation between animals within

levels did significantly affect in the E, group. Rate of decay

2

half-life of E E2 and A but not T were apparently affected by the

]9
sub-groups. The 1ow.E] and A sub-groups indicated a. lower half-life

for E] and A than the high sub-group while the reverse was the case

for E Table 3.23, 3.24, 3.25 and 3.26 give the half-life, analysis

20
of variance for parallelism of slopes and equality of intercepts for

E], EZ’ Aand T decay curves respectively.

Table 3.23 Half-1ife and test for parallelism of slopes for E]

decay curves

Effect DF M. square| F. ratio| Pr.:

Parallelism of slopes

Animals within levels 9 0.005 0.454 P>5%

Animals 10 0.032 2.704 P<1%
Pooled levels _ 1 0.144 11.057 P<1%
Equality of intercept _

Animals within levels 9 0.009 . 0.748 P>5%
Pooled levels 1 0.0005 0.038 P<5%

Overall estimate of slope = 10.0457+0.0010
Half-1ife E1 = 15.16+0.33 days
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Table 3.24 Half-life and tests for parallelism of slopes for E2

decay curves

Effect DF M. square ] F. Ratio| Pr.
Parallelism of slopes
Animals within level 10 0.058 3.763 P>1%
Animals 11 0.080 5.006 P<1%
Pooled levels 1 0.123 5.141 1% P<5%
Equality of intercepts
Animals within levels 10. 0.019 1.277 P>5%
Pooled levels 1| 0.052 2.174 | P>5%
Overall estimate of slope = -0.0514+.0011
Half life E2 = 13.50+0.28 days '
Table 3.25 Half life and tests of parallelism of slopes for A
decay curve
Effect DF M. square| F. Ratio| Pr.
- Parallelism of slopes

Animals within levels 9 0.154 1.462 P<5%
Animals 10 0.056 4.741 P1%
Pooled levels 1 0.072 4.178 P<1%
Equality of intercepts
Animals within levels 9 0.020 1.958 P>5%
Pooled levels 1 0.007 0.002 P>5%

Overall estimate of slope
Half life of A = 15.61+0.35 days

-0.044+0.0010 -




Table 3.22

Mean antibody titres during the 6 oestrous cycles

CYCLE 5

CYCLE 1 CYCLE 2 CYCLE 3 CYCLE 4 CYCLE 6

DAY 13 5 11 15 5 11 13 5 11 5 11 5 11 13
L 566 377 278 | 3121 | 2033 | 1533 | 5580 | 3580 | 2840 | 1600 | 1122 800 | 456 | 3476

E] H | 3020 2010 | 1570 | 5700 | 4616 | 3250 | 6133 | 3783 | 2716 | 1666 | 1466 945 564 | 3580
L 70 49 32 363 231 181 641 410- 306 | 173 123 76 60 348
E2 H 288 202 154 760 528 370 698 411 301 190 113 69 52 340
L 19 14 9 913 82 43 186 118 89 54 37 17 14 103
! H 87 - 61 41 206 148 96 190 124 96 60 45 33 21 108
L 43 31 21 184 130 93 418 285 211 143 95 70 45 216

! H 171 118 88 416 263 194 406 290 | 222 140 110 71 50 221

The titre is defined as the initial dilution of plasma which bound 50% of the radioactive tracer

(15-20 pg).

"v6
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Table 3.26 Half-life and test forApara11e1ismiof slopes for T

decay curve

Effect DF M. square | F. ratio| Pr.

Parellelism of slopes ,
Animals within levels 9 0.014 ~1.337 P>5%

Animals 10 0.027 2.359 1% < P 5%
Pooled Tevels 11 o.016 1.148 P> 5%
Equality of intercepts

Animals within levels 9 0.005 | 0.526 P> 5%
Pooled levels 1 0.001 0.073 P>5%

Overall estimate of-slope = -0.0433+.0008
Half life T = 16.00+0.30 days

3.5 Discussion

The primary objective of the study of gonadotrophin levels
is to investigate thé changes observed in gonadotrophins after
modification of the negative feed-back without blocking the
positive feed-back effects. In generai it may be noted that the
absolute levels observed were comparable to those reported earlier
for cyclic ewes in the luteal. phase. For example the concentrations_
of LH and FSH in control groups are similar to those recdrded

previously forcyc]ic ewes (Cunningham, Symans and Saba (1975);

Passive immunization against oestrone, oestradiol 178,
androstenedione and testosterone increase the plasma binding of the
respective steroid. Passive immuni zation of female sheep against

the above steroids produced an increase in the levels of plasma LH
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characterised by pulsatile pattern of LH release. Active

immunization against oestrone protein conjugate in sheep also

increased the LH pulse frequency (Rawlings, Kennedy and Henrieks, 1979;
Martensz et al 1979). In the Tatter expérimeﬁts oestrous cycle was
~disrupted and the ovulation was stopped. The present results do

not show disruption of the oestrous cycle. Active immunization
against oestradiol 178 produced LH releasing pattern which was

similar to that found in ovariectomised-hysterectomfsed sheep (Martensz
et al 1976). In this present experiment when the negative feed-back
is reduced by the antibodies against oestradiol 178 the change in

pulse frequency is barely detectable. It is probable that when the
negative feed-back is reduced without reducing the positive feed-back
the change in~pq1se frequency is only marginal as the negative

feed-back is not completely reduced as in the ovariectomy.

Increasing pulse frequency has been observed aftér active
immuni.zation against androstenedione (Martensz et al 1976) and

estosterone(Scaramuzzi et al 1981).  In this present study immuniZation

'3,’ against all four steroids increased the LH pulse frequency but the

change in pulse frequency is dependant on the antibody titre. A1l
the high.antibody titre sub-grdups had higher number of LH pulses
showing that the LH puise frequenqy increases with the antibody titre
in the ciculation. when'compéring thé antibody titres achieved

in the c{rculation in this eXperiment with other experiments (e.g.
Martens; er al 1979) the antibody titres achieved are almost ten

fold higher in the other.éxperiments. In the other experiments
higher antibody titres not only reduced the negative feed-back but

also inhibited the positive feed-back and the oestrous cycle was disrupted.
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It may be possible that in such a situation the change in pulse

frequency is as high as that found in ovariectomy.

In the basal LH Tevels there was . marginal change of
increase after passive immunization against all four steroids.
The mean LH levels increase after passive immunization and it tends
to drop down to the normal after 12-15 hours. When the negative
_ feed-back level is reduced within the physiological limits

_it seems that the LH levels are only changed transiently and the system

- .. tends to equillibrate by increasing the number of follicles as in the

case of unilateral ovarietomy (Findlay and Cumming, 1977).

Plasma FSH 1gVe1s were increased after passive immunization
against E] and E2 but not with A and T. It is suggestive that
oestrone and oestradiol 178 are inQo]ved in some way in controlling
FSH secretion. The finding that FSH levels did not change
after passive immunization against testosterone is in consistent with the
finding of Martensz and Scaramuzzi (1979).  There was no change in
- FSH after passive imminization against androstenedione. &n
contrast Martensz and Scaramuzzi (1979) found a decrease in plasma
FSH after active immunization against androstenedione. In the
experiment of Martensz and Scaramuzzi (1979) androstenedione
immunized animals continued to cycle but the animals immun1 zed
against testosterone did not cycle. However, ih the present
experimen£ all the treated groups were cyclic.  Although the FSH
levels are increased'after passive immunization against'E] and E2 the
levels came back to normal within 12-15 hours. Again it is témpting
to suggest that when'the negative feed-back is reduced within

physiological 1imits as in the case of unilateral ovariectomy the
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changes observed in gonadotrophin levels are transcient and the
trophic and negative feed-back system tend to equillibrated within
few hours. The levels between the treatment béhave differently
from each other in increasing the FSH and coming back to normal

levels. This finding is supported by the statistically significant

treatment x level x occasion three way interaction.

Although antiserum used in this experjmﬁnt have slight
cross-reaction with other steroids (see Table 3.1) it is not
possible to attribute changes observed in any of the groups due

to cross-reaction alone as the cross-reactivities were very Tow.

There were;significant differences in ovulation rate in
all the four antiserum treatment groups. The differences between
the groups are almost entirely explained by the antibody titres.
Active immunization against oestrone (Raw]ingé et al 1979;
Scaramuzzi et al 1980) disrupted the oestrous cycle and stopped the
ovulation but in the prdportion of animals that ovulated (Scaramuzzi
et al 1980), ovulation rate was singificantly increased. If the
negative feed-back is reduced without inhibiting the positive
feed-back the ovulation rate can be increased. Although ovulation
rate is significantly increased after passive immunizatjon against
oestradiol 178 in this experiment, passive immunization against
oestradiol 178 (Fairclough et al 1976 -Rawlings et al 1979) and
aé%%ve"%mmunisation against oestradi®l 178 (Rawlings et q] 1978 and
Scraamuzzi et al 1980) stopped the ovulation rate due to decreased
positive feed-back. When the positive feed-back is reduced the pre-

ovulatory LH surge is stopped and hence the ovulation is stopped.

Increased ovulation rate observed in this experiment after passive
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immunization against adrostenedione is in agreement with the

results obtained by Scaramuzzi et al (1977) and Van Look et al

(1978). The high ovulation rate observed after passive immunisatioh
against testosterone in this experiment Has not been reported by the
other workers. However, Scaramuzzi et al (1981) found over
stimulation of the ovaries after active immunization against testosterone
and ovulation was stopped. They found higher number of large
non-atretic follicles in the ovary. The results 6f this.experiment
demonstrate that the ovulation rate in the ewes can be increased
significantly by modification of the negative feed-back through passive
immunization-agaiﬁét gonadal steroids. Probably most of the

" other experihents répbrted with immunjzation against gonadal

steroids reduced fhe positive feed-back beyond the physiological

Timits and the pre-ovulatory LH surgewas inhibited and thereby the

ovulation was stopped.

Although antibody titres reported in other experiments
are not directly comparable with this experiment because of the
differénces in the method of antibody titration, in general the
titres achieved in other experiments are higher than in this experiment.
In the other experiments there were sfgnificant]y higher cross

reactions with other ovarian steroids.

Although similar amounts of antisera (units) were g}ven
to each of the groups on different occasions. The titres achieved in
each of the antiserum groups were significantly different (see Table 3.22).
In the case of oestrone the titres achieved were'much higher than the
other antibodies. | The titre measured the amount of free antibody

in the circulation. In the circulation narmally oestrone has a lower
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concentration than that of oestradiol 178. During the oestrous

cycle most of the time secretion rate of oestradiol is three

times higher than the oestradial (Baird, Goding, Ichikuwa, McCracken,
1968). The ratio of oestradiol 178 to oestrone was found to vary

from 1:1 to 43:1 in ovarian blood (Moor, Barnette, Brown, Scﬁind1et,
Smith and Smyth, 1979) and 1:1 to 10:1 in jugular venous plasms (Short,
McDonald and Rowsen, 1963) in the pre-ovulatory period. As there is
less oestrone antigen than the oestradiol in the circulation the

high titre achieved in oestrone is explainable. In general titre for
other three antisera agree with the ratio of plasma concentration of

three antigens as reported by Scaramuzzi et al (1989).

The high ovulation achieved after passive immunization against
gonacdal steroids can be explained. Immunization against oestrogens
resulted in generally increased plasma LH and FSH immediately after
passive immunization and the levels tend to equilibriate within 12-15
hours.  As the negative feed-back is reduced by the bio1;gica1 neutralisation
of free steroids in the circulation, then the ovary could produce
more»f011ic1es to conpersate for the réduced negative feed-back such
as in ynilateral ovariectomy. In this situation animals could produce
more tollicles without reducing the gonadotrophin stimulation as some
of the free steroid moiecules are bound by the antibodies. High
gonadotrophic levels produced after passive immuni Zation are also
probably responsible for the increasea follicular development.

When the negative feed-back is reduced ovaries tend to produce more -
follicles until the negative feed-back system get equilibrated
with the gonadotrophic stimulation, so that more foilicles are formed

and hence the ovulation rate is increased. Furthermore elevated



101.

LH levels have an antimitotic effect on the granulosa cells (McNatty
and Suwers, 1975) and might allow follicles capable of ovulating t6

remain viable for a long period (Turnbull; Land and Scaramuzzi, 1975)

and hence more ovulations are possible.

Although it is not known whether androgens are directly involved
in-the negative feed-back system there are other possible ways that
reduced androgen can increase ovulation rate. It has been
suggested that the ovarian androgen increase the rate of follicular
atresia (Louvet, Harman, Scheiber and Ross, 1975). It is possible that the
binding of andorgens by antibodies in the fé]]icu]ar fluid and
vascular compartment leads to reduction in the rate of antisera in
follicles 3mm diameter and so increase the ovulation rate. Further
more neufralisation of_bioiogica] activity of androgens by antibody
binding cou]d‘interfere Qith oestrogen synthesis in the ovary, or
w%th conversion of androgens to oestrogen iﬁ perihpheral tissue and the
hypothalamus.  Alternatively androgen itself may have a direct inhibitory
action on the hypothalamus/hypophysis ;ystem, It is even possible the
antibody against androstenedione and testosterone cross-react to a
minor degree with oestrogen in vivo, although this cross reaction was

shown to be less than 0.1% in an invitro test.

Iﬁ the bresent experiment'increaséd gonadotrophin levels
tend to -come back to'ﬁonnal within 12—15-hours éfter passive
immunisafion. However, Scaramuzzi et al., (1977) ekp]ained the.
higher ovulation rate in animals immunized against androstenedione from
the increased velofLH secretion.  Although gonadotrophin levels
come back normal-after 12-15 hours after first immunization it is

difficult to speculate on the gonadotrophic levels after subsequent
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immunizations.

From the fitted values it shows that the effect of immunization
on the ovulation rate is curvilinear and the ovulation rate goes through
a maximum with increasing titre and then it comes down. However ffoh
the fitted curves it shows that with oestrone and testosterone higher
~ovulation rate can be achieved than with oestradiol 178 and
androstenedione. Although the quadratic regression of ovulation rate
on titres df E] and T are not statisticai]y significant that
regressioﬁ may beAbiologically important. It is possible that E]
and T ovulation rate also have a curvilinear relationship with

the titres.

Although the effect of antibodies are clearly shown
when they were given separately, an effect of mixed antiserum was
not clearly shown. Unit 5x of antiserum gave a significant increase
in all the four antisera groups. When an antiserum was made by using
1.25 x units from each of the antisera the mixture did not have a

significant effect on the ovulation rate.

Passive immunization did not change the oestrous cycle length
significantly. However, occasion had a significant effect on the
oestrous cycle length, but the differences in cycle length was very
small. Scaramuzzi et al., 1977 and Scarmauzzi (1979) also did not
observe a change in oestrous cycle length after active immunization
against androstenedione. Previous work show that oestradiol
antibodies do not have an effect on the Tuteolysis and corpus luteum
function (Fairclough et al., 1976). However the change in oestrous

cycle length observed in this experiment during the different oestrous
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cycles (occasions) is difficult to explain. The change in, oestrous
cycle length in different occasions do not show a regular patternb
between the treatment groups. This finding is supported by the

statistically significant treatment group x occasion interaction.

The number of animals showing oestrafi.was reduced with the

».increasing titre in E], E2 and A groups. when-the antibody titre

—.was increased at the 3rdoestfoUs cycle, thereafter the number of
animals .coming into oestroes. was decreased.  However, the decrease

was less marked in the testosteroﬁe group. It suggests that testosterone
has very ]ftt]e effect on thevmanifestatioh of oestruss. The

positive feed-back was not reduced and the ovulation occdrred
continuously. It shéws that the antibody titres are high enpugh

to redpce behavioural oestrus in some animals but not high enough to

reduce positivé feed-back. Several other workers reported inhibition
of oestrus after immunization against oestrone, oestradiol 178 and
testosterone (Fairclough et al., 1976; Rawlings et al., 1979; Rawl{ngs

et al., ]978; Scaramuzzi, 1979).

Although lambing percentage was increased in groups immunized
against androstenedione and testosterone aﬁa,mixed antiserum (see Table
3.19) only the testosterone group had a significant effect. Van Look
et al., (1978) reported an increase in lambing percentage after active
immunization against androstenedione but the difference was not
statistiéa]]y signifiéant. In this experiment also the group
immunized against androstenedione did not increase the lambing
- percentage significantly. Although all the treatment groups had signif-
incantly increased ovulation rate the lambing percentage was significantly

increased only in the testosterone group. E2 group had the highest
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ovulation rate but it gave the lowest number of lambs per ewe. It

may be possible that when the animals are passively- immunized against
E] and E2
inhibited, so the fertilisation and conception rate is reduced.

some of the essential functions of such steroids are

However with anti-testosterone the lambing percentage is
increased significantly (P<0.05) and each of the corpora lutea are
represented as a lamb. If this technique is improved this

method can be used to increase lambing percentage in sheep.

When the -antibody was injected to\the animals in the
Tow and high sub-group with a five fold dose difference, the titre
achieved was also had a five fold difference. It indicated that
the antibody titre achieved in the circulation was dependant on the
absolute dose administered and that the antibody titfe in the
circulation could be regulated by careful administration of antibodies.
The half-1ife of antibodies to ovarian steroids in sheep have
not been reported previously. In the four antisera studies
half-1ife varies from 12-16 days. Since the half-life is
relatively long compared to the oestrous cycle length the time of
treatment with antiserum to increase the ovulation rate may not be
very Critical. Although in this experiment animals were always
injected with antiserum on day 10-12:of the oestrous cycle recent
studies indicate the time of treatment with antisera does not have

a significant effect on ovulation rate (R.B. Land, unpublished data).
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Chapter 4 : Hypothalamic/pi tuitary sensitivity to steroid negative

feed-back in two different breeds

4.1 Introduction

The observation of the LH release in ewes of high‘prolificacy'
was less sensitive to the féed—back effects of oestradiol 178 (Land,
Wheeler and Carr, 1976) led to the argument that the variation in ovulation
rate arose from variation in the sensitivity of the hypothalamus/
pituitary to the negative feed—bﬁck. With similar gonadotrophin
levels found between breeds (Cahill, 1979) the hypothesis is that the
prolific sheep'could tolerate higher concentrations of feed-back hormones
(e.g. Oestradiol 178) allowing more ova to be shed. Treatment with |
oestradiolulfsfduring the oestrous cycle had less effect on the
ovu]afion raté of high prolificacy Finnish Landrace ewes than on the

ovulation rate of less prolific Scottish Blackface ewes (Land, 1976).

-Development of methods of controlled delivery of physiological
quantities of feed-back hormones througﬁ silastic implants (Karsch, -
Dierschke, Weick, Young, Hotchkiss and Knobil, 1973) has made it ‘
possible to ellucidate the functioning of feed-back effects of gonadal
hormones in a number of species (Karsch et al., 1973; Gnodde, van,
~ Dieten and Van Look, 1979). Silastic implants with gonadal steroids
have been used successfully to investigate the negative feed-back effects
- of gonada] hormones in relation to seasonal breeding in sheep (Karsch,

Legan, Hauger and Foster, 1977; Legan, Karsch and Foster, 1977).

When ewes are treated with subcutaneous oestradiol-17s silastic
implants the effect on the ovulation rate is more marked in less prolific

breeds than in the high prolific breeds (R.B. Land, unpublished data).
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However, when the ovulation rate has been reduced after inserting silastic
implants with oestradiol 178 it's effect on gonadotrophic release

has not been reported. This experiment was undertaken to investigate

the effect of oestradiol 178 implants on the gonadotrophic release in two
breeds of sheep with differing ovulation rates. Scottish Blackface
(Blackface) and Finnish Landrace (Finn) breeds were chosen for the

large differences in ovulation rate (B]ackface 1.3; Finn 3.0) (Wheeler

and Land, 1977).

4.2 Materials and methods

4.2.1 Experimental-plan

Finn and Blackface ewes were divided into three groups of
equal size. ‘Oestrus of the animals were synchronised and on day
10-12 of the oestrous cycle either an empty implant, an oestradiol implant
or two oestradiol implants were introduced subcutaneously to the
three grohbs within each breed.. Before and after oestradiol implant
“insertion blood samples were co]]ected for éonadotrophin assay.
In the oestrus following the implant insertion their ovulation rate was

recorded.

4.2.2 Animals

Twenty seven (27) cyclic animals from each of the breeds that
were kept at ABRO Fie]d Laboratory were selected. All were mature
females aged 23-8 years. The animals were kept outside in paddocks
throughout the experiment except when moved inside for pre-laparoscopy

fasting or serial bleeding. Most of the time all the animals were run
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together as a group. Animals received hay and concentrates as
required and had access to fresh drinking water all the time. whenéver

Vthey were fed inside they were given hay.

4.2.3 Recordings

Oestrus and ovulation rate were recorded by the method described

in Chapter 3.

4.2.4 Preparatioh’and insertion of oestradipl 178 implants

Imp]énts releasing physiological quantities of oestradiol
178 were prepared by the method described by Karschet al., (1973).
Medical grade silastic tubing (0.132 x inches i.d. x 0.183 inches o.d.,
- Dow, Corning) was cut out into lengths of 5.4cm. On each end 0.5cm length
was marked out f}om the end of the tube. One end of the silastic tubing

~ was sealed with 0.5cm plus of medical grade silicone elastomer

~ adhesive (Dow, Corning, elastomer) by injecting the material to the

‘: end of the t&be by a 2ml plastic syringe. When the plug became
completely dry and firm, crystaline oestfadio] 178 (sigma) was filled
into the tube up to the second mark by inserting a small filter

funnel into the unpluged end of the fubing and using a whirlmix in
light contact with the tubing to bring the crystals down into the tube.
After cleaning the unplugged end of the implant with a cotton bud the
silastic tUbing was pressed immediately above the pestrad101 to evacuate
the air aﬁd it was sealed as before with the elastomer and allowed to
dry. Prior to insertion all implants were soaked in water for 12-24
hours to avoid the transitory peak in circulating oestradiol which

follows p]acement'bf nonsoaked implants due to surface contamination.
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Implants were soaked in methanol for 15 minutes immediately before
insertion. These implants are reported to release 7-8 ug

oestradid 178 per day in vitro and to elevate serum oestradiol 178
levels to 3.5 pg/ml when inserted subcutaheous1y to ovariectomised

sheep (Karsch and Foster, 1975).

The implants were inserted under anaesthesia in the following
manner, Anima]s.were anaesthetised using Halothane (Flueothane,
I.C.I.) gas mask and then held on a table ventrally. The right
axillary region was shaved.with electric clippers, the surface cleaned
with warm Savlon solution, wiped with a clean paper towe]iand
disinfeCted with hibitane solution (2:3:15 Hibitane (I.C.1.), distilled
water, industrja] methylated spirit). The cleaned surface was wiped
with a steri]ized paper_the]. .An incision- 1-2cm in length, was
made and a subcutaneous pouch formed using a pair of tissue forceps.
Tﬁe pouch was extended under the skin to a Tength of about 5cm.

The imp]antryas inserted into the pouch and the incision closed with
surgical silk. The animals were then transferred to a recovery pen and
récoVered within 3-5 minutes. The whole procedure took about 10

minutes.

4.2.5 Synchronization of oestrus

- On 28th December 1979 progesterone impregnatéd vaginal sponges
(Veramix; Upjohn) were inéerted info fhe vagina of all the animals
~and removed after 12 days (9th January, 1980). A1l the animals had
retained the vaginal sponges. Two vasectomised raddled Finnish
Landrace rams were fntroduced to the ewes. From the following day

onwards ewes were observed for oestrus twice a day, in the morning and
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in the afternoon, and the animals in oestrus were recorded. Out of the
54 animals 50 animals came into oestrus from 10th to 14th of

January 1981.

4.2.6 Recording of ovulation rate and serial bleeding

Twenty fiwe Blackface ewes and twenty five Finn ewes that came
into oestrus between 10th and 14th January were divided into three
groups namely control (C), one implant (1I) and two implants (2I)
balanced for age. The number of animals in each treatment group

is_shown in Table 4.17.

Table 4.1: Number of animals in each treatment group

Breed Control 1 Implant 2 Implant
Blackface 8 8 9
Finn 8 8 | 9

Twentyfive animals that came into oestrus from 10th morning to 12th
morning (first batch) were brought in on the afternoon of 2lst January
and both sides of their necks were clipped with electric clippers

in order. to facilitate easy bleeding from the Jugular vein. Animals
were allocated to six pens randomly within groups. On 22nd morning
blood samples were cé]]ected from all the animals every 40 minutes from
0830 hrs until 1230 hrs. Animals were then taken to the surgery in
groups between 1230-1400 hrs and empty implants or oestradiol 178

implants were inserted subcutaneously according to their treatment groups.
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From 1510 hrs all the animals were bled every 40 minutes until 1110
hrs following day. ' On the afternoon of the 22nd the other 25 animals
(se;ond batch) that came into oestrus between the 12th afternoon |
and the 14th morning were brought in and Blood samples were

collected in the same way as in the previous group of animals. In each -
batéh of animals there were approximately half of the animals from
each treatment group within a breed. Figure 4;0 shows the blood

sampling and implant insertion schedule.

After bleeding each group of‘anima]s were allowed to
stay in pens until late afternoon and returned to the paddocks. The
four animals that did not come into oestrus between 10th and 13th
January were a]So given oestradial implants according to their treatment
group on day 107]2 of theiroestrous cycle. Thereafter all the
animals (54) were run together as a group and their next oestrus was
reéorded. Five d&ys after recording the oestrus their ovulation rate

~ was recorded by laparoscopy.

4.2.7 Hormone assays

LH and FSH concentrations were measured as described in
Chapter 2. A1l the samples from one animal were run in a single
assay for each hormone except for a small number (about 5%) which had to
be re-assayed. Groubs of-fifteen samples were randomized in —

sequence for the assay.

4.3 Statistical Method

The "GLIM" statistical package (Royal Statistical Society,

London) was used to analyse the data.
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BLOOD SAMPLING - FINNISH LANDRACE AND BLACKFACE ANIMALS W

ITH OESTROGEN IMPLANTS
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4.3.1 LH pulses

The numbef of LH pulses occurring before (8 samples)
and after (30 samples) implant insertion was determined by the method
described in Chapter 3. Pre-treatment LH pulses were analysed between
the breeds and treatments to determine whether there was a breed
difference before treatment and to test for any chance differences
occurring among groups within breeds. In the model used breed
and treatment were fitted as factors. A breed x treatment interaction
was also fitted in the mode].' In.the analysis it was assumed that
the number of LH pulses had a Poisson distribution. The GLIM
programme was used to analyse the data with Poisson error and log

1ink function.

LH pulses occurring in the 30 samples collected after the
implant insertion also were analysed as in the first 8 samples. In
the model breed and group were fitted as main effects. A breed x

group interaction term was also fitted.

4.3.2 Mean LH levels

Another analysis was conducted to determine the differences
in the mean LH levels in the two breeds and treatments. As the
" consecutive samples are highly correlated every other sample was
considefed in this analysis. Samples collected in every 80 minutes
were subjected to analysis of variance. To bring the distribution of the
LH values closer to normality the LH data were transformed into
logarithms. In the model whole set of data, both pre-treatment and
post-treatment was considered together. The 38 samples collected

from each animal were divided into four occasions. The occasions were
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as follows:

Sample 1-8 ( 8 samples

) Occasion 1

Sample 9-20 (12 samples) Occasion 2
Sample 21-30 (10 samples) Occasion 3
| ) Occasion 4

Sample 31-35 ( 8 samples

After dividing the 38 samples into four occasions the design of the

experiment is as follows:

Blackface Finn
Group Group
1 2 3 1 2 3
Occasion 1 1 1 1 1 1 1

3 1 2 3 1 2 3

4 1 2 3 1 2 3
1 = Control 1 = treatment 1 Group 1,2,3
2 =1 implant 2 = treatment 2
3 =2 implant 3 = treatment 3

For the purpose of the analysis all the cells with 1 were coded as

treatment 1 and cells with 2 and 3 were coded as treatment 2 and 3
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respectively. In the model breed, occasion, treatment and animals
within group within breeds were fitted as factors. Treatment x
occasion, breed'x occasion, breed x treatment two way interactions and
breed x occasion x treatment three way 1ntéraction terms were

fitted. In this analysis treatment x animal interaction was not
considered.  Although samples were collected in two batches of
animais the effect of batch was not considered in the model as all

the animals in both batches were in day 10-12 of the oestrus cycle.

4,3.3 Mean FSH levels

FSH potency data obtained in the first 8 samples collected
before and 30 samgles collected after implant insertion were transformed
into logarithms to normalise thé data. Before analysing the total set
the first 8 samples from all the animals were subjected to analysis of
vafiance to look for breed differences and the chance differences
among the treatment group§ within breeds. In the model breeds,
treatments and animals within treatment groups within breeds were .
fitted as factors. A breed x treatment group interaction term was

also fitted with the main effects. .

In the final analysis all the 38 samples were considered
together. The 38 samples were divided into four occasions as for the
mean LH levels. After dividing the 38 samples into four occasions the
design of the experiment is equivalent to mean LH level analysis.

Data were subjected to analysis of variance using a similar model as with

the mean LH Tlevels.

4.3.4 QOvulation rate

The ovulation rate data obtained after implant insertion from
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the 54 animals were analysed using two error structures, normal and
poission error. The analysis which used the poission error structure

gave a better fit to the ovulation rate results. In the final

analysis a Poission distribution was assﬁmed to the ovulation rate

data. Breed and treatment wereAfitted as main effects in the model.

A breed x treatment interaction term was also fitted with the main effects.
Fisher's exact test was used to test whether the number of animals

ovulating after treatment was significantlydifferent in each breed.

-4.5 Results

When the LH pulses were examined in the first 8 samples in
the breeds and treatments, there were no significant differences between
the two breeds or chance differences between the treatment groups within

breeds.  The analysis of variance table is given in Table 4.1:

Table 4.1: Analysis of variance of pre-treatment LH pulse data

Effect DF  M.S.. F. ratio
Breed 1 0.555 0.616
Treatment 2 0.755 0.838
Breed x Treatment 2 1.780 1.977
Error 44 0.900

In the analysis where the pulses occurring in the 30 samples after the -
treatment were considered there were no significant breed effect but
there were significant treatment effect (P<0.05). Breed x treatment
interaction was-also not significant. The analysis of variance

table is given in Table 4.2.
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Table 4.2: Analysis of variance for LH pulse data after treatment

Effect DF _M.S. F ratio
Breed _ 1 0.72 0.670
Treatment 2 4.016 3.735%**

Breed x treatment 2 2.413 2.244
Error 44 1.075

The fitted values for pulses from -each of the treatments show a lower
number of pulses in the groups that were treated with oestradiol
implants.  The fitted values of pulses for each of the breed and

treatment are given in Table 4.3.

Table 4.3: Fitted values of number of LH pulses in samples collected

after implant insertion for 20 hours. Standard errors

are given in brackets.

No. of implant Blackface Finn
0 | 2.63 (0.57) 1.63 (0.45)
1 | 1.50 (0.43) 1.50 (0.50)
2 0.70 (0.26) 0.88 (0.27)

A1l the groups treated with oestradiol 178 implants had a lower number
of LH pulses indicating an effect from the implant. Compared with
values in the control the drop in LH pulses in the treatments was higher

in Blackface than in Finns indicating a higher sensitivity to negative
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feed-back in Blackface.

4.5.1 Mean LH Tevels

In the analysis where overall mean LH levels were tested for
differences theré were significant (P<0.01) effect due to breed, occasion,
treatment and animals within group within breed. The analysis of
variance table is given in Table 4.4. Individual animal mean LH
values (untransformed) over the four occasions ih the two breeds are
given in Table 4.5. Figure 4.1 shows the graph drawn for the fitted
values for each of fhe.breeds, treatments and occasions. As all the
treatments did not behave in the same manner in the four occasions in the
two breeds, statistically significant breed x treatment, treatment x
occasion and breed x treatment x occasion interaction terms are explainable.
In general mean LH levels tend to drop after the treatment but the
effect is more in the Blackface ewes than.in Finn ewes indicating
that Blackface breed is more sensitive to negative feed back of oestradiol

178.

4.5.2 Mean FSH values

When the first 8 samples of FSH values were subjected to
analysis of variance there were no significant group or breed
differences but the variation due to animals within treatment groups
within breeds were significant. Although with high animal variation

there were no chance differences between the groups.

In the analysis where all 38 samples were considered there were
significant (P<0.01) animal and occasion effects. The breed x occasion

breed x treatment and treatment x occasion two way interaction terms and
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Table 4.4: Analysis of variance for LH levels throughout the sampling

peribd

Effect DF M.S. F. ratio
Breed | 1 57.531 21.866**
Animals within groups

within breeds 43 2.631 14.377**
Occasion 3 0.763 4,169**
Treatment 2 0.725 3.961**
Breed x occasion 3 0.166 0.907
Breed x treatment 2 0.673 3.677**
Treatment x occasion 4 0.675 _ 3.688**
Breéd X occasion x

treatment 4 0.625 3.415%**
Error 864 ‘ 0.183

Breeds were tested against the animal mean square and the other terms

were tested against error.



Table 4.5 Individual animal mean LH (ng/ml) levels over the four occasions in Scottish Blackface and Finnish Landrace

Treatment and Occasion Treatmerit and Occasion
animal no 1 9 3 4 _animal no 1 2 . 3 4
Control : _ Control 0.977 0.648 0.596 0.704
BF1 0.833 0.873 0.719 1.170 Fil 0.954 0.413 0.390 0.289
BF2 1.319 1.336 1.314 1.240 Fi2 0.475 0.413 0.403 0.385
BF3 0.867 0.679 0.871 0.998 Fi3 0.469 0.408 0.408 0.730
BF4 0.517 0.452 2.675 0.598 Fid . . 0.569 | . 0.593 0.508 -0.455
BF5 0.585 0.316 | © 0.606 0.295 _Fi5 - 0.657 0.344 0.544 0.360
BF6 0.727 0.731 0.680 0.498 Fi6 0.318 | 0.346.| -0.417 0.355
BF7 " 0.720 1.190 0.635 0.524 Fi7 - 1.172 1.071 0.949 0.919
BF8 1.173 0.492 0.269 .0.351 - Fi8 0.490 0.440 '0.429 0.321
One implant ' : One implant ' .
BF9 2.381" 1.933 1.741 1.558 “Fi9 0.757 0.480 0.507 0.364
BF10 - 1.316 0.816 | 0.764 | 0.664 Fi10 0.682 0.798 .0.716 | 0.670
BF11 1.646 1.618 1.469 2.393 Fill 0.306 0.239 0.225 0.279
BF12 0.898 0.536 1.659 0.513 Fil2 0.878 0.563 " 0.412 | . 0.415
BF13 0.938 0.575 0.542 0.629 Fil3 0.423 0,358 0.293 0.340
BF14 1.156 0.971 0.609 0.559 Fil4 0.592 0.292 - 0.403 0.422
BF15 1.101 0.774 1.156 0.633 Fils 0.490 0.359 0.337 0.281
BF16 -.1.786 1.547 . 1.424 1.209 Filé 0.812 0.574 0..540 0.579
Two implant : Two “impant : ,
BF17 0.937 0.901 0.764 0.807 Fil7 0.552 0.417 0.489 0.510
BF18 0.593 0.535 0.498 0.614 Fil8 0.396 | 0.305 0.369 | 0.278
BF19 1.113 1.111 0.948 0.876 - Fil9 0.502 0.496 0.552 0.463
BF20 1.094 0.826 0.491 1.007 Fi20 0.484 0.456 0.447 0.616
BF21 0.681 0.399 - 0.443 0.421 Fi2l 0.604 0.591 0.602 0.620
BF22 1.259 0.891 0.966 :0.739 Fi22 0.404 1.358 | 0.423 | . 0.709
BF23 - 0.676 0.439 0.493 0.439 Fi23 0.594 0.265 0.247 0.237
BF24 1.373 0.490 0.364 0.695 Fi23 0.542 0.042 0.471 0.511
BF25 0.932 0.309 0.458 0.369 Fi24 0.593 0.519 0.446 0.432

‘8Ll




Table 4.5 Continued
Treatment and Occasion Treatment and- Occasion
animal no 1 2 3 4 animal no 1 2 3 4
Treatment mean Treatment mean
Control 0.842 0.758 0.971 0.710 Control: 0.760 0.584 0.580 0.564
1 implant 1.402 1.096 1.170 1.019 1 implant . 0.617 0.457 0.429 0.418
2 implant 0.966 0.655 0.602 0.659 2 implant 0.519 0.505 0.449 0.486

BF = Blackface  Fi = Finn

‘8Ll
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breed x occasion x treatment three way interaction were significant

(P<0.01). The analysis of variance table is given in Table 4.6.

Table 4.6: Analysis of Variance for FSH data

Effect ~ DF M.S. F. ratio
Breed O 7.831 2.334
Animals within group 43 3.354 104.812%*
Occasion 3 0.413 : 12.906**
Treatment 2 1.817 " 56.781%
Breed x occasion 3 0.134 4.187%*
Breed x treatment 2 0.276 8.6256**
Treatment x occasion 4 0.128 4.000**
Sreed X treatment x 4 0.217 6.781%*
Error 1832 0.032

Breed was tested against animals and the other terms were tested

against error.

Individual animal mean FSH levels over the four occasions
in the two breeds are given in table 4.7. The fitted values for
each of the groups and occasions within breed are graphically
representedkin figure 4.2. The observed statistically significant
interactions are explainable from the graph drawn with the fitted values.
In general FSH values tend to drop after the treatment but the effect
of treatment is more marked in Blackface breed showing a higher
sensitivity to negative feed-back to oestradiol 178. The changes
seen in absolute concentrations in each treatment is shown in Figure 4.3

and 4.4.
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Table 4.7:

Individual animal mean FSH (ng/mT) levels over the four occasions in Scottish Blackface and

“

Finnish Landrace

Occasion: Occasion
Treatment and Treatment and
animal no. animal no.
1 2 3 4 1 2 3 4
Control Control v
BF1 78.56 94.68 99,37 105.1 Fil 69.83 72.18 71.38 67.09
BF?2 63.63 66.18 64.00 59.68 Fi2 68.16 65.39 50.37 49.58
BF3 80.13 96.47 92.29 83.09 Fi3 92.24 98.64 95.51 88.66
BF4 101.4 87.54 60.65 76.47 Fid 54.34 61.22 62.80 70.37
BF5 98.41 113.9 116.8 102.8 Fi5 64.82 63.06 56.32 57.42
BF6 68.35 38.95 36.94 43.39 Fié 89.66 69.68 54.37 56.33
BF7 151.8 112.1 123.8 119.9 Fi7 56.51 54.00 52.71 55.72
BF8 48.88 49.01 49 .42 37.49 Fi8 59.80 57.65 47.06 62.91
One implant One implant
BF9 209.8 196.9 144 .1 123.0 Fi9 77.02 76.11 69.85 67.30
BF10 148.1 86.74 72.88 62.09 Fil0 82.33 59.56 86.07 75.04
BF11 116.5 79.89 75.51 69.71 Fill 127.0 86.99 79.04 67.53
BF12 109.4 101.7 96.13 105.4 Fi12 74 .29 50.78 50.89 47 .44
BF13 104.2 78.98 61.65 65.63 Fil3 104.5 98.95 92.94 92.64
BF14 73.34 52.57 59.59 67.55 Fil4 69.14 56.45 65.35 62.07
BF15 107.5 98.46 88.36 84.37 Fil5 66.28 63.55 63.18. 65.71
BF16 210.5 200.9 166.5 180.7 Fil6 76.03 75.13 73.17 72.32

‘NIt



Table 4.7 (continued)

Occasion Occasion
Treatment and Treatment and
animal no. . animal no.
1 2 3 4 1 2 3 4
Two implant Two implant
BF17 56.15 40.00 45,26 43.92 File 64.33 61.59 47.87 41.96
BF18 84.39 59.13 56.58 66.27 Fil7 74 .11 .60.58 86.41 83.72
BF19 114.5 89.36 82.41 87.92 Fil8 52.66 40.70 47.79 52.00
BF20 85.84 57.99 56.69 55.86 Fil9 81.70 69.71 64.52 64.02
BF21 70.27 37.90 30.74 32.55 Fi20 100.2 86.86 75.97 82.24
BF22 109.8 64.36 65.83 59.32 Fi2l 90.11 -71.92 61.27 57.11
BF23 61.11 44 19 44 .91 50.96 Fi22 103.1 86.54 73.85 80.96
BF24 114.8 77.06 59.03 65.52 Fi23 83.60 59.12 65.98 87.38
BF25 122.0 105.3 93.98 104 .4 Fi24 67.73 58.73 68.80 70.11
Treatment Treatment
mean mean
Control 86.39 82.35 80.40 78.49 Control 69.42 67.72 61.31 63.51
1 Implant 134.9 111.9 95.59 94 .80 1 Implant 84.68 70.93 72.57 68.76
2 Implant 90.98 64.25 59.41 62.96 2 Implant 79.72 66.17 65.82]. 68.83

BF = Blackface

Fi = Finn

O]
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4.5.3 Ovulation rate

In the ovulation rate data there were significant (P<0.01)
breed and treatment effects, the breed,k treatment interaction was not
significant. The analysis of variance table is given in Table

4.8.

Table 4.8: Analysis of variance for ovulation rate

Effect DF _M.S. F. ratio

Breed 1 18.991 33.553%
Treatment 2 3.763 6.648**
Breed x treatment 2 0.836 1.477

Error 48 0.566

The fitted values for ovulation rate shows a much higher drop in
ovulation rate between one and two implants in'the Blackface breed

than in the Finn breed. The use of a reduction in mean number of

eggs shed by a group of anim&is as a measure of the effect of

treatment may underestimate those effects as some animals fail to ovulate
and an animal cannot score less than nbught. The fitted values for

ovulation rate are given in Table 4.9.

As the reduction in ovulation rate is much higher in the
Blackfaces than in Finns, it shows that Finns could tolerate more
oestradiol 178 in the circulation without stopping the ovulation rate
than the Blackfaces. Table 4.70 shows the number of dnima]s ovulating

in each treatment.‘
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Table 4.9: Fitted values of ovulation rate for the three treatment

groups in .Blackface and Finn

Blackface Finn

- 0 Implant 1.01 3.11
1 Implant - 0.66 1.78

2 Implant 0.33 1.63

Table 4.10: Number of'animals‘ovulating in each treatment

Blackface Finn
ovulate ovuTlate
0 Implant 9/9 9/9
1 Implant 6/9 8/9

2 Implant 3/9 9/9

With increasing oestradiol implants significantly (P<0.05) less

number of animals ovulate in Blackface but in Finns there is no
significant reducfion in the number of animals ovulating. Even with

high oestradiol levels (2 implants) all the apima]s ovulate in Finns

but in Blackface only 3 animals ovulate out of 9 animals. Although

vthe mean ovulation rate was reduced to one half that of the controls in
Finns it did not have an effect on the proportion of ewes which ovulated.
The ewes in the Finn breed were therefore less sensitive to the additional

oestradiol as measured by the ability to ovulate.
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4.6 Discussion

There were no significant differences between Blackface and
Finnish Landrace in the number of LH pulses or meén LH levels in the
pretreatment period. This result is in agreement with the previous
finding of Land et al., (1973) and Cahill (1979) that the concentration
of LH in peripheral p]ésma during the oestrous cycle were similar in
breeds of sheep diffefing three fold in ovulation rate. When the oestradiol
implants were given to Scottish Blackface and Finnish Landrace during
the Tuteal phase (day 10-12 of the oestrous cycle) the number of LH
pulses occurring decreased in both breeds, but the decrease was more
marked in Blackface ewes than in Finn ewes indicating that the Finns
are less sensitive to negative feed-back of oestradiol 178 in re]easing.
LH from hypothalamus/pituitary. It shows that the Finn ewes could

~ tolerate higher levels of oestradiol 17s.

Oestradiol 178 implant also decreased the mean LH levels to a
greater extent in Blackface ewes than in the Finn ewes and indicated
that mean LH levels are reduced in the two breeds to different levels.
Therefore it shows that there is breed variation in sensitivity of the
hypothalamus/pituitary td negative feed-back of oestradiol-178 in LH
release both in LH pulse frequency and mean LH levels. Similar
observation has been made in ovariectomised sheep (Land, Wheeler and

Carr, 1976) in relation to mean LH levels.

There were no breed differences in the peripheral FSH levels
in the control animals and pre-treatment blood samples. This results
also confirms the ffnding of Bindon et al., (1978) and Cahill (1979)
that the between breed variation in ovulation rate is not explained by the

peripheral FSH levels. In Blackface ewes FSH levels were reduced to a
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greater extent than in Finns after treatment with oestradiol 178
implants. It indicated that the two breeds differ in sensitivify

to negative feed-back of oestradiol 178.  Finn being a high prolific
breed can tolerate more.oestradiol. 178 in the circulation without
reducing the FSH secretion. Blackface reduce the FSH releasing
pattern to a greater extent showing that they are more sensitive to
oestradiol negative feed-back in releasing FSH; _ There are no other
between breed studies repofted on the exogenous'oestad101 on the

FSH releasing patterns in the ewe. However this finding also confirms
that oestradiol 17B.is also involved in regulating FSH secretion and
that breeds differ in their sensitivity to oestradiol negative feed-back

on FSH release.

With oestradiol implants Blackface ewes reduce the ovulation
rate to a greéter extent than in the Finn ewes. Land (1976) also
found with exogenous oestradiol injections that Finn ewes could tolerate
more oestradiol 178 than Blackface ewes without stopping ovulation.
This findf;g was more obvious when the number of animals ovulating
was taken into account. In the Finn Breed all the animals ovulated
with two implants, but in Blackface only 3 animals ovulated out of
9. This confirms that there is between breed variation in sensitivity

of the hypothalamus/pituitary to negative feed-back of gonadal steroids

and that the sensitivity relates to the ovulation rate of the breed.

It is now accepted that the gonadotrophin levels found
across breeds (Bindon et al., 1979) or between strains within the same
breed (Bindon and Piper, 1980) are similar. However, the oestradiol
levels found between breeds are different. Cahill, Saumande,

Revault, Blanch, Thimonier, Mariana and Mauleon (1981) with sensitive
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oestradiol assay sysfems found that the high prolific breeds to have a
higher concentration of ocestradiol 178 throughout the oestrous cycle
than the low prolific breeds. With similar gonadotrophin levels

and different oestradiol levels found between breeds it can be

argued that the‘prolific breeds are less sensitive to negative feed-back
from the ovarian steroids to the gonadotrophic release so that the high
prolific breeds could produce more ovarian follicles and ovulate

more.

The mechanism of feed-back action of oestradiol 17g
on the hypothalamus/pituitary is not clear. However feed-back
action of oestrogen is probably mediated via specific receptors in the
hypothalamus/pituitary. Differences in total cytoplasmic oestrogen
receptorslin pituitary have been reported in Merino and Merino x Bordef
Leicester ( crossbred) ewes (Clarke, Burnman, Funder and Findlay, 1981).
High prolific breeds have a higher number of fota] cytoplasmic
oestradiol receptors in the pituitary than the low prolific breeds.
It may be possible that the high prolificacy bréeds have a higher number
of oestradiol receptors in the hypothalamus/pituitary so that a greater
concentration of oestradiol is required to saturate all the receptor
sites than for less prolific breeds and hence highly prolific breeds
could tolerate more oestradiol in the circulation without reducing the
gonadotrophic release. In this way high prolificacy breeds could

produce more ovarian follicles and ovulate more eggs.
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Chapter 5: Genetic variation in the sensitivity of the hypptha]amic/

pituftary to negative feed-back of oestradiol 178

5.1 Introduction

The number of young born (litter size) is é complex
character determined by ovulation rate and embryonic losses. Several
workers have considered ovulation rate as a‘selection cirterion for
increasing litter size in sheep (Hanrahan, 1974; Land, 1974). Genetic
variation in ovulation rate has been demonstrated both in farm and
laboratory animal species. In mice ovulation rate has been shown to
respond to direct selection (Land and Fa]cqner, 1969; Bradford, 1969) and
to change as a correlated response to selection for other traits (Bradford,
1971).  Zimmerman and Cunningham (1975) obtained a realised heritability
estimate of 45% from selection 1n-pigs. In sheep heritability estihates
of 0.57+.28 and 0.35+.19 have been reported for ovulation rate in
Finnish Landrace and Galway breeds respectively (Hanrahan, 1980).
Furthermore a number of high repeatability estimates available from
different breeds suggest a considerab]e amount of genetic variation in

ovulation rate in sheep.

- An understanding of the underlying physiological variation in
ovulation rate would enable development of improved selection criteria
for increasing ovulation rate.  Such knowledge is also necessary for
development of reliable methods of phenotypic modification of gonadal
function in the female (i.e. superovulation). There have been two
studies reported on the underlying physiological mechanism Qflgenetic
variation in ovulation rate in mice. Bradford (1969) and Land and Falconer

(1969) selected mice on their response to exogenous gonadotrophins.
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However the genetic correlation reported for the natural and induced
ovulation rate was low (Land and Falconer, 1969). Most of the other
work involved a study of between breed variation in physiology of
ovulation and reproduction (Cahill, 1979, Land, 1974). Some of the
physiological criteria guch as the time interval from the onset of
oestrus up to the preovulatory LH peak have been shown to differ between

breeds (Cahill, 1969; Wheatton, Raabound and Burrj], 1977) but none of

such-characters have been shown to be genetic in origin.

Variation in the sensitivity of the hypothalamus/pituitary
to the negative feed-back effects of gonadal steroids on the gonadotrophin
fe]ease has been postulated .to underly genetic variation in ovulation
rate among some breeds of sheep i.e. it appears to be the cause of
~ natural variation (Land, 1976; Land, Wheelerand Carr, 1976). The
- evidence for sﬁch an argument has been reviewed .(Land and Carr, 1979).
Increasing ovulation rate has been reported after femoving the potential
feed-back hqrmones by active. immunization (Scaramuzzi, Davidson and Van Look,
1978). Tﬁe evaluation of the above hypothe;is is complicated by the
role of a number of steroids,.destradio] 178, oestrone, progesterone,
androgens and possibly inhibin in the feed-back confro] of

gonadotrophin release.

This experiment was undertaken to investigate the genetic
variation in sensitivity of the hypotha]amué/pituitary to the negative
feed-back.of oestradiol 178 as oestradiol 178 is an important feed-back
‘ hormone in the female. The direct effect of antibodies against oestradial
178 on the ovulation rate of mice was also studied. The sensitivity
of the hypotha]amus/pituitéry to negative feed-back was measured
“indirectly by recording the ovulation rate after using an antiserum

against oestradiol 178 to reduce feed-back. . The ovulation rate of the
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offspring and parent are recorded after modifying the negative feed-back
with same amount of antiserum against oestradiel 178. The
‘heritability of the trait is determined by the offspring parent regression

~ of the treated ovulation rate.

5.2 Materials and Methods

5.2.1 Genetic stock

The mice used in this exberiment were the parents and
their progeny of generation zero of the “G"'lfne developed by
Miss G. Sharp. Line G was developed as follows. Two inbred 1ines
JU and CBA wereAcrosséd to form a crossbred called JUCBA. JUCBA animals’
were crossed to.én outbred 1ine (CFLP) to form the JCC progeny.
Generation zero of the "G" line came after one generation of inter.se

breeding of JCC animals.

5.2.2 Feeding and management

This experiment was carried out at the mouse house of the
Institute of Animal Genetics, Edinburgh. Feeding and management were

as described by Land and Falconer (1969).

5.2.3 Antiserum

The antiserum used in this experiment was raised against
conjugate of 6estrad101 178-BSA in castrate male sheep. The titre of
the antiserum and the cross reactivity was determined by the methods
described in chapter 2.  The titre of the antiserum was 1:56,000.

The cross reactivity of the antiserum is giveh‘in Table 5.1. Antiserum
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was stored at -20°C in 20m1 énd 5m1 screw capped bottles. Before
injection antiserum was thawed in a water bath at 38°C. Antiserum
against oestradiol 176 was injected intraperitonially by using a
hypodermic needle (26 G 5/8') fitted to a 1 ml disposable syringe
(Be;ton—Dickéon). A1l the antiserum injection were done between

1300 and 1600 hours.

—Table 5.1 Cross reactivity of the oestradb1 178 antibody

Compound tested | (ooct T o0 R0T T O%  hereont)
Oestradiol 178 » | 100

Oestradiol 17a o 1.2

Oestrone ' 4.2
Androstenedione <0.001
Testosterone <0.002
Progesterone <0.002 -

5.2.4 . Bleeding for antibody titre

Bleeding by Cardiac puncture was performed after.anaesthatising
the mouse with ether and opening the thoracic cavity at the t{me of
recofding'the ovulation rate. The volume of blood withdrawn per
mouse varied from 600-900 ul1. Plasma was separated within two hours

 of bleeding by centrifugation.and stored in 0.5m1 polystyrene cups

at —20°C until titrated for oestradiol -178 antibodies.
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5.2.5 Recording of ovulation rate

Males were introduced to the females in cages on each oécasion
between 1300 and 1500 hours. Naturally oVu]ation occurs close to the .
time of mating. After introducing the male each female was examined
every morning between 0800 and 1000 hrs and the occurrance of
ovulation was identified by the presence of the-COpu1atory plug in the
vagina. Recording of ovulation was done by a method similar to that
described by Land and Fa]coner (1969). After detecting the vaginal
- plug the female was killed and the abdomina]vcavity was dissected. Left
and right fallopian tubes were carefully removed and placed inAa drop
of saiine in two separate watch glasses. Under a dissecting
microscope the presence of ova in the fg]]opian tube could be
identified as q'discrete swelling. The swollen wall of the fallopian
tube was nicked, and the clump of ova embedded in the cumulus cells
oozed 6ut. The clump of ova with cumulus cells was drawn to the
edge of the saline drop and flattened and the ova identified and
counted. Females with vaginal plugs were always dissected before

12.00 hrs at which time the cumulus was still in good conditién.

5.2.6 Preliminary experiment

Before starting the main experiment a preliminary experiment
was set up in order to find the effect of the oestradiol 178 antiserum
on the 6Qu1ation rate and the correct dose to administer to obtain an
increase in ovulation rate. Sixty first parity (after the first litter)
female mice were randomly divided into four groups of equal size.
One group was kept és control and the other groups were injected either with

0.1ml, 0.3m1 or 0.5ml1 of oestradiol 178 antibody intraperitonially. After
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antiserum treatment animals were mixed ahd kept .in groups of four per
cage. Two days after the treatment a mature fertile male was
introduced to each of the cages. After the introduction of the male’
every morning females were examined for vaginal copulatory plugs and
their ovulation rate was recorded. Twelve days after the introduction

of the males the experiment was terminated.

The results of this preliminary experiment .are summarised in
table 5.2. An analysis of variance showed there to be significant

(P<0.01) .group effects. The group that was treated with 0.3ml of

Téb]e 5.2 Pre]iminary experiment results

NUMBER OF |  TREATMENT | NUMBER OF MEAN MEAN DAYS
ANIMALS | - ANTIBODY ANIMALS | Onese | TAKEN TO
INJECTED | INJECTED (ml) | OVULATION RO OVULATE
15 0.0 15 12.33+0.22 | 3.26+.26
15 -~ 0.1 15 12.46+0.31 | 4.46+.3]
15 0.3 15 [ 15.5240.31 | 5.50+.37
15 0.5 9 13.88+0.32 | 6.22+.39

oéstradio] 178 antibody gave the highest response in ovulation rate.
From this preliminary experiment it was decided to treat the animals with
0.3m1 of .antibody to increase the ovulation rate in the experimental

animals.

5.2.7 Main experiment

A11 the females of generation zero of the "G" line Were
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collected after weaning their first litters. At this stage their
approximate age was about 98 days. There had nbt been any selection
practised on_this population of animals at this stage. After
collecting the females -they were mixed and.kept in groups of four for
3-4 days. After recording their Weight each female was injected with
0.3m1 of oestradiol 178 antiserum intraperifonea]]y and kept in cages.
Two days later a fertile male was introduced to.éach of the cages and
females were examined daily for vaginal plugs and their ovulation rate
was recorded. The time taken frém the introduction of the males up to
the time of ovulation was a]sd recorded.  All these animals were
considered as-parents fér this experiment. Fourty of these were kept
untreated as éontr91 to the main experiment and their ovulation was
recorded. fhe offsp}ing'obtained from the first litter of these
parents were all collected after weaning their first litters. The
families that had more than one female were divided into two groups
of equal size or to that of nearest possible equal size. When the
families were divided into two equal groups, one half of the animals
were treated and the other half kept untreated. When the families
Qere divided into two unequa] groups -the larger group was treated with
antiserum and the other group was untreated. In the families with only
one member it was always treated. . Tréated.and untreated anima]s-wefe
kept in cages as mixed groups. Two days after treatmént with antiserum
a fertile male was introduced and the ovulation rate was recorded both
in the.treated and untreated animals. At the time of recording of
ovulation rate blood samples were collected from é random sample of the

animals treated with antiserum.

“The offspring of the.control parents were also collected

after weaning their first litters. Progeny'families from the control
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parents were also divided into two groups as equally as possible as

in the case of main.experiment progeny families. In the control

progeny when the families had two equal groups one group was treated -

and the other group was untreated.. In the families with two unequal
number of progeny groups, always the larger group was kept untreated

and the sha]]er group was treated. Families that had only one individual

 were always treated.

For all these parents and progeny animals their three
_ week body weight, six week body weight, first 1itter size and

pedigree information were supplied by Miss G. Sharp.

5.3 Statistical analysis

;Eefore analysing the total ovulation rate resu]is a test
was made to find out whéther there were significaht differences in
_ ovulation rate in right and left side ovaries, both in parents and
offsbring,-by using a 't' test. There were no significant differences
“in ovulation rate between the rfght and left ovary and it was decided
to analyse the total ovulation rate. To check for any time trend in
ovulation rate, monthly mean ovulation rates were plotted against months
aﬁd a significant (P<0.01) time trend was shown. Although all the
animals in this experiment were first.parity animals, atvthe time of
treatment (éntibody injection) there was variation in weigh and age.
The ovu]étion rate was subjected to regression analysis taking age at
ovulation, time taken to ovulate from the injection, body weight at 3

weeks 6 weeks and at the time of treatment as independent variables.

The heritability of the treated ovulation rate was

estimated by daughterfdam regression. Two methods were used. The
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first method is to repeat the dam for each daughter in the family and
the second method is to substitute thé mean of the daughters for the
daughter value. When the family size varies the second method can be
improved by using a weighted regression (Kempthorne and Tandon, 1953).
In calculating the regression, sums of squares and cross products

were calculated within months as the effect of month was significant.

In order to calculate the weighted regressioh; the
unweighted regression coefficient and intraclass correlation was
estimated from an unweighted regression analysis and from full-sib
family analysis of variance respectively.

Variance (family mean) = (t - r2

+ l%E)og

where t is intraclass correlation, r is offspring parent correlation,

OS is phenotypic Qariance and n is family size. The estimated offspring
parent correlation and intraclass correlation was not significantly
different from zero so that when t and requal zero. in the above

formula the variance of the family mean equal to (1/n)o§ and

therefore no weighting was done. - Heritability was calculated as double

the regression coefficient.

The regression of the daughters first litter size and
daughters' untréated ovulation rate on the mothers' treated ovulation
rate was estimated in the families that had more than one individual.
As the intraclass correlation for the untreated ovulations and the
‘unweighted regression of untreated ovulation on the treated motﬁers'
ovulation were not siénificantly different from zero, no weighting was done.

For the Titter size data a weighted genetic regression on the mothers’
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treated ovulation was estimated by using Falconer's (1963) modification
of the optimum estimation procedure of Kempthorreand Tandon (1953),
" weighting the sums of squares and products from each dam family

according to the family size.

The standard error of the regression coefficient

was calculated from the following formula given by Falconer (1963).

1 [z(wy?) - b2]
ZH=2 " 5 (wx

V(b) =

where Y is the character in the offspring, x is the character in the dam,
w is the Qeight.and b is the regression coefficient. In the families
that had more than one.offspring sib covariance was calculated between
" the mean treated ovulation rate and mean untreated ovulation rate.

. The genetic correlation was estimated by using the sib covariance
(Fa]coner,»]QGQ). - The genetic correlation between the two chéracters

~ (x ard y) is given by the formula:

_ Cov (full sib)

\[VBX , VBY

v

G

where VBX and VBY are full sib variance components. As the number
varied within a family for treéted and untreated individuals .the family
means for each of the characters were weighted according to the following

weighting factor, inverse of the variance of the covariance

1
Z -
W, aCovB® + (VBX + wa) (VBy + VWY)
) SN N,

where VBX and VBY between family variance for the two characters, VNX
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and VwY are within family variances for the two characters, NX and NY
are the number of individuals recorded for each character within a

family.

Control animal-ovulation rate data were analysed to find
out the mean and variances of the treated and untreated ovulation
rates. Means were tested for differences between control and
treated animals. Antibody titres estimated in the plasma samp]es
collected from the animals in different days after the fnjection of
antibody were used to calculate the half-1ife of the antibody

by using the method described in Chapter 3.

5.4 Results

5.1.2 Preliminary experiment

From the preliminary experiment results (see Table 5.2)
it was shown that there were significant (P<0.1) differences between
the antiserum treatment groups. It also showed that the group which
had 0.5 ml antibody ovulation was blocked. Out of the 15 animals which

had 0.5 ml antibody 6 animals did not ovulate.

The mean and variance of the ovulation rate in parent and
progeny generations qf the experimenta1 and control énima]s are given
in Table 5.3. The mean ovulation of the treated individuals in the
offspring and parent generations was significantly increased (P<0.01)
when compared with the mean untreated progeny. The variance of the
treated ovulation was significantly increased from that of untreated
ovulation rate. The variance of the untreated ovu1atiqn rate was 4.19 and

the variance of the treated ovulation rate was 6.12.
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Table 5.3: Mean ovulation rate and variance in parent and progeny

'generations of the control and experimental animals

Group No. recorded Mean - Variance
Control - |
Parent untreated a0 12.97 3.99
Offspring untreated 129 13.03 4.03
Offspring treated 83 16.73 5.97
Experimental
Parent treated , 343 17.05 6.12
Offspring treated 724 ' 16.88 6.07
Offspring untreated Y , 12.88 4,19

5.4.2 Regression analysis

The regréssions on ovulation rate on body weight are inen
in Table 5.4. There were significant regressibns on body weight of
animals at various stages on the treated and untreated ovulation rate.
The regfession ana}ysis showed that the age of the animal did not
.have any significant effect on the ovulation rate. The mean age of the
animals at the time of ovulation was 114 days. There was no
significant regression for the treated ovulation rate on the number of
days taken to ovulate from the time of introduction of the males. The
mean number of days taken to ovulate from the time of introduction of

the male was 5.52 days.
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Table 5.4: Regression of ovulation rate on body weight

Mean body No. of

weight (gr) | animals Regression
Mother (treated)
(1) Body wt. at 3 week 10.72+0.13 343 0.16+0.09
(2) Body wt. at 6 week 21.82+0.27 343 0.24+0.03**

(3) Body wt. at injection | 35.82%¥0.33 | 343 | 0.18%0.06**

Offspring (Treated)
(1) Body wt. at 6 week 20.12+0.19 724 0.23+0.02**
(2) Body wt. at injection 32.74+0.37 724 0.18+0.03**

Offspring (untreated)
(1) Body wt. at 6 week 21.73+40.21 422 0.12+04**
(2) Body wt. at injection 33.73+0.41 422 0.18+.04**

5.4,.2A. Heritability

The regression coefficient of the treated ovulation fate

of the offspring on the treated ovulation of the mother are given in Table

5.5.

Table 5.5: Regression of treated ovulation rate of the offspring on

the treated ovulation rate of the mother

imati Regression, offspring
Method of estimation on parent
(1) Each individual
repeated on parent 0.018+.033
(2) Family mean on
the parent 0.003+.042

The number of families involved in the estimation of the regression‘were
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343. Table 5.6 give the distribution of the family size for the

treated and untreated animals.

Table 5.6:° Distribution of family size in treated and untreated offspring

No. of families No. .of families

No. of females treated treated
1 128 103
2 101 104
3 72 .37
4 33
5 8
6 1

Both the regressions were not significantly different from zero. The

heritability estimates from the above two methods were 0.037+.066
and 0.006+.082 respectively. The intraclass correlation obtained by
~analysis of full sib families of the treated families were 0.003+.046

and the estimate was not significantly different from zero.

5.4.3 Genetic regression

The genetic regression for the untreated daughter ovulation’
rate and daughter litter size on the mothers' treated ovulation rate

are given in Table 5.7.
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Table 5.7: Genetic regression of the daughter untreated ovulation rate

and litter size on mothers' treated ovu]afion rate

Method of estimation Genetic regression Estimate

Unweighted - Daughters' untreated ovulation
rate on mothers' treated 0.07+.04
ovulation

Weighted Daughters' first litter size
on mothers' treated ovulation 0.01+.02
rate

Both the estimates were not significantly different from zero. The

distribution of the untreated daughter family size is given in

Table 5.6. The intraclass correlation obtained for untreated ovulation
rate by the full sib analysis was 0.0230+.1174 and it was not
significantly different from zero. The partial genetic regression
calculated for the offspring untreated ovulation rate on the mothers'
treated ovulation rate by holding the body weight at various stages

constant are given in Table 5.8.

The estimates obtained were not significantly different
from zero. The weighted genetic regression of the daughters'
first litter size on the mothers' treated ovulation rate fell between

the two unweighted regressions.
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Table 5.8: Partial genetic regressions of offspring untreated ovulation

rate on the mothers' treated ovulation when the weight

of the offspring at various stages kept constant

. . Partial genetic regression
Method of estimation estimate
{1) Weight at 3 week kept constant 0.028+.038
(2) Weight at 6 week kept constant 0.125+.052
(3) Weight at injection kept constant 0.049+.0637

5.4.4 Genetic correlation

The genetic correlation calculated between treated and
untreated ovulation rate from the sib covariance was meaninrgless.

The numerator of the formula used to calculate the genetic correlation

~attained a higher value than the denominator and the calculation was

not further proceded. The experiment was not designed to estimate
genetic correlation from the sib covariance as the family sizes were

small.

5.4.5 Phenotypic correlation

The phenotypic correlation calculated between the first
Titter size and subsequent treated ovulation rate of the daughters' and
mothers' was 0.01+.02 and it was not significantly different from

zero.

5.4.6 Half-life of oestradiol 178 antiserum

~ The half-lTife estimated for the oestradi@l .178 antibody in the
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blood circulation of the mice was 10.53+.23 days.

5.5 Discussion

As in the case of éheép, the ovulation rate in mice can be
significantly increased by modification of the negative feed-back
~system through passive immunization against oespradiai 178. The
results indicate that similar physiological mechanism of negative
feed-back of gonadal steroids operate in the sheep and mice. As similar
‘physiological mechanism govern theiovuiation mechanism both in the
sheep and micé with respect to negative feed;back, the use of mouse as
a model to study the genetic variation .in negative feed-back
system is,qutifiab]e: When the antibody is given in excess animals
stop ovu]ation-completely pbssib]y because the oestrédkx] positive feed-
back is biocked; It may also be possible that with excess of
oestradi01 antibodies, oestrous behaviour is stopped and the 6estrous
cycle is distupted. A similar phenomenon has been observed in sheep
- with excessuof oestradiol antibodies (Fairclough et al., 1976). It
is clear from these results that by giving_the appropriate dose of |

antibody the ovulation rate in mice can be significantly increased.

The vafiation in ovulation rate aftér treatment with
PMSG was much higher than the natural ovulation (Variénceiof the egg
number was 49.0 with a mean ovulation rate of 14.0) even when.the
mean was faken into account (Falconer, Edwards, Fowler and Roberts,
1961). R.B. Land (unpublished data) observed a change in ovulation
rate after modification of the negative feed-back system in sheep
without a change,in'variance. It is interesting to note in this

_experiment also the change in mean ovulation rate in the treated animals
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was not accompanied by a large change in variance. Since the
variation is not changed very much as in the case of PMSG induced
ovulation rate, jt can be argued that the negative feed-back system
control at least part of the natural phendtypicvariation in ovulation
rate. There is no significant.effect of age on tﬁe treated ovulation
rate.  Roberts (1956) also reported that the age of animal did not

have a significant effect on natural ovulation rate.

There is no significant regression on the number of days
taken to ovulate on the induced ovﬁ]ation rate. This finding can
be explained by tHe longer half-life of oest}adiol 178 antibody. In the
chapter 3 it was shown that the effect of antibody on the ovulation
rate is dose dependant. As the mean number of days taken to ovulate
after ahtibody injection is nearly half that of the half-life,
most of the aniha]s at the time of ovulation have a similar antibody
titre and therefore the effect of time taken to ovulate was not
significant. Almost all the animals at the time of ovulation had more

than half of the antibodies injected in the circulation.

The regression of treated ovulation rate on the body weight

at various stages were significant. ~ The phenotypic regressions
obtained for ovulation rate .on the body weight are comparable to those
for natural ovulation reported by Land (1970). The incréaseq_ovulation
rate obtained after péssive immunization against oestradiol 178 reflects
the phenofypic expression of the sensitivity of the hypothalamus/

pituitary to negative feed-back. The héritabi]ity estimated for the
sensitivity of fhe'hypotha]émus/pituitary to negative feed-back was not
significantly different from zero. The results indicate that the

ovulation fate obtained after modification of the negative feed-back
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system has a very low heritability and that if animals are selected for
treated ovulation réte there will nbt be any response in the treated
‘ovulation rate. When the partial regression was calculated by

holding the body weight at various stages.Constaht the offspring
parent regression did not change and indicated that there are no maternal
effects affected through the body weight for the first parity females.
Even if there are maternal effects for the sensitiVity to the negative
feed-back they may have been reduced as the treated oVu]ation‘rate is
recorded after the first parity. Vangen (1980) showed that for the

" litter traits maternal effects are less in pigs when'they were

. recorded after the first parity.

Genetic regregsion of the daughters' untreated ovu]atjon
rate and first Tifter size on the mothers' treated ovulation rate was not
significantly different from zero. - It indicated that if the mothers
are ;e]ected on the treated ovulation rate there will not bé any correlated
response in natural ovu]atjdn rate or litter size. Insignificant
phenotypic cb}re]ation between the litter size and the treated ovulation

rate showed that the treated ovulation rate does not give any indication

_of the phenotypic expression of the litter size.

The hypothesis of the between breed variation in sensitivity
of the hypothalamus/pituitary to negative feed-back of gonéda] steroids
is that breeds with higher ovulation rate have a lesser sénsitivity
to negativé feed-back hormones and therefore can tolerate more negative
feed-back hormones in the circulation (i.e. oestradipl 178). It also
explains that if oestradidl is taken out of the circulation less sensitive
breeds will ovulate more. Although it explains the physiological

differences between the high and low ovulating breeds and also possibly
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between the high and low ovulating individuals the trait has very'

little additive genetic variation within a breed.

" Although sensitivity to negative ‘feed-back explains part
of the between breed variation in ovu]atian rate, within a breed the
character is-very highly sensitive to environmental variation.
- Seasonal breeding (Legan Karshand Foster, 1977) and variation in ovulation
rate due to nutrition (Findlay, Helen, Jonas and Cumming, 1978) in sheep
has-been explained through the variation in the sensitivity of the
hypopha]amus/pituitary axis, to negative feed-back. As the trait is
very much éenéitive to the environmental variation low heritability
can be expected. " Similarly between breed physiological differences
in milk production.do.ﬁot explain the within breed variation in milk
production (OsmOnd, 1980). Although part of the variation in 6vu1ation
rate observed between breed can be explained by the variation in
~hyp9tha1amus/pituitary sensitivity to negative feed-back, the‘
hypothalamic/pituitary sensitivity either determined by oestradio.l
receptors ihgthe pituitary or any other form do not show substantial

amount of genetic variation.

It is known that part of the natural vafiatidn in ovulation
rate is determined by the growth of the animal (Bradford, 1971).
Wheh the mice were selected for growth there was a correléted response
 -in litter size probably through increased ovulation rate (Bradford,
1971). .. Phenotypically heavy animals ovulate more eggs. In this study
also a high positive correlation was observed between the body weight
and the treated ovu]atidn rate. Such association is possible through
the natural variation in ovulation. Heavier animal ovulate more eggs

and thereby when their negative feed-back system is modified they
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ovulate more eggs in accordance with their body weight.

Results of this experiment suggest that the trait does not
have substantial amount of additive genetic variability that can be
exploited by mass selection. As this experiment was not designed to
estimate very lTow heritability it is not possible to comment on the
magnitude of the heritability. However, the possibility of
increasing ovulation rate through the modification of negative feed-back
is interesting. This technique could be used to superovulate
animals without much change in variance in the ovulation rate, so that
the ovulation rate could be increased predictably. Such techniques
are especially important in sheep in which the ovulation rate is the
Timiting factor for increasing prolificacy. If the technique is
refined it could be used commercially to increase the ovulation rate
in animals especially in sheep and thereby to increase the litter

size,
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Chapter 6: General discussion and conclusions

6.1 Passive immunization

Mean LH levels and LH pulse frequently were increased
after passive immunization again all four steroids. Mean FSH levels

were increased after passive immunization against_E] and E, but

2
not against A and T. When the existing buffering systems between
gonadotrophin and feed-back equilibria are changed through modification
of the negative feed-back while maintaining them, rather than
overriding them, the'éhanges seen in gonadotrophic levels are only
transcient and the system tend to equilibrate. Passive immﬁnization

against gonadal steroids can change the existing gonadotrophic and

negative feed-back equilibria within physiological limits.

The ovulation rate was significantly increased in four

groups of animals after passive immunization against E], E,, Aand T.

25
It can be concluded that ovulation rate in sheep could be increased
significantly by reducing the negative feed-back through immunization
against gonadal steroids without reducing the positive feed-back.
Although the-length of the oestrous cycle is s]ightly changed after

the antiserum treatment there is no general pattern in the change of
oestrous cycle length in the four treatment groups. Increased

antibody titre also had an effect on the number of animals showing
oestrus. Such effects were minimal in the group immunized against
testosterone. Passive immunization against all four steroids increased

the ovulation rate but the lambing percentage was significantly increased

only in the group imminized against testosterone.

As the ovulation rate in sheep can be increased by immunization

against gonadal steroids without much change in variance the possibility
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of using such techniques as a pfactica] method of superovulation can
be considered. An advantage of passive imﬁuni;ation over active
immunization is that the antibody titre achieved in the circulation
in passive immunization can be regulated. If this technique is to
be used as a practical method of superovulation production of antisera
with high titres is essential in order to reduce the dose to be
administered. Furthermore the cross reactivity of an antibody may
change response. observed and therefore production of specific antibodies
would be essential in order to standardise the method. Because of
the curvilinear response in ovulation rate in sheep within a wide
range of antibody titres it may not be possible to achieve high ovulation
rates such as in suberovu]ation with PMSG. However such a relationship
within a wide range gives an advantage that for a given ovulation
rate the titre achieved in the circulation is not very specific.
Even if the titre is s]ighf]y out of range the response observed is not
changed to a great extent.

Modification of gonadal feed-back through other methods may
be considered to improve gonadal function. An alternative
is to reduce the feed-back effect by use of anti or weak oestrogen
which would reduce the inhibitory effects of endogenous oestrogens.
Snook and Hansel (1971) reported a rise in ovulation rate of sheep following
. treatment with anti-oestrogen clomphene. The use of 'anti-oestrogens'
to increase gonadé1 function through modification of negative feed-back
is now bejng considered at ABRO. Increased ovulation rate obtained
after immunisation against androstenedione and testosterone could be
explained through the effects of androgens on the production of
inhibin in the granulosa cells. Androgens stimulate inhibin

production in the granulosa cells (Franchimont, 1981) which then
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feed-back on the hypothalamus/pituitary and reduce FSH production

and hence the ovulation rate is reduced. When the androgens are Bound
by antibodies the inhibin production is decrea;ed and the ovulation
rate is thereby increased. With .the understanding of such mechanisms'
inhibin may be considered as a candidate for immunization to modify

the gonadal function.

In this experiment when an antiserum was ‘made with 1:1 ratio
with all the four antisera its effect on the ovulation rate was not
significantp As the mix antiserum was used only on one occasion
with few<anima1s no conclusions can be made on the effect of mix antiserum
nn the ovulation rate. Various other combinations of 2, 3 or 4
antisera with different ratios may be tried out to reduce the negative
feed-back in order to improve'gonada1 function. The collective
effect of small change in such a group of hormones could be sufficient
to achieve the désired change in ovulation rate but the equilibria of
none of the_hormones would be disrupted to such an extent that other
aspects of reproduction were adversely affected.

Between breed variation in sensitivity to hypothalamus/
pituitary to negative feed-back has been repnrted in males
(Land and Carr, 1975). The testis grdwth of Merino lambs has been
increased through modification of the negative feed-back by
using nassive immunization against oestrogens (Land, Baird and Carr, 1981).
If the final size of the testis could be increased it may be a route
to increase the gonadal function of males (i.e. sperm production)
of particular merit. In tne past there had been Tot of interest
in‘increasing litter size in sheep both by genetic and environmental

means. Direct selection methods have not been successful due to a
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number of reasons as outlined in Chapter 1. There are no reliable
methods of increasing litter size by environmental means. Although
passive immunization against A, T and mix antiserum increases the
lambing percentage the results were only significant in the T group.
But it is difficult to conclude on the-A and mix groups because of the
small number of animals used and also the experiment was conducted
towards the end of the breeding season. However, subsequently by
using large number of animals treated at different stages of the
oestrous cycle the Tambing percentage was significantly increased .
after passive immunization against A, T and mix antiserum (R.B. Land,
personal communication). A group of sheep could be immunized with

A, T and mix antiserum irrespective of the}stage of oestrous cycle.

to increase ovulation rate and litter size as the time of treatment has
no signfficant effect on the ovulation rate.or lambing percentage. These
effects'may be exp]aiﬁed through the ré]ative]y long half-1ife of ahti—
body in relation to the oestrous cycle length in sheep. it can be
concluded that this method could be improved to increase litter size

in sheep.

6.2:
Oestrogen implants and gonadotrophins in Scottish Blackface and

Finnish Landrace ewes

The meanlpulse frequency of LH and mean FSH levels were reduced
to a greater extent in the Blackface ewes than in the Finn ewes.
Ovulation rate and the number of animals ovulating were a1§o more
mérked]y feHUCed in Blackface than in Finns. The results of ;his
experiment confirm‘the finding of Land and Wheeler and Carr (1976)
and Land (1976) and extends the findings to LH pulse frequency, mean -

FSH levels and to intact animals that the variation in sensitivity of
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the hypothalamus/pituitary to negative feed-back of gonadal
steroids is related to the between breed variation in ovulation

rate.

Mouse studies

A mouse model was used to estimate the heritability of
the sens1t1v1ty of the hypotha]amus/p1tu1tary to negat1ve feed-back
of oestrad101 178 by offspring parent regression. As with sheep,
immunization against oestradidl 178 in mice increases the ovulation
rate significantly. It may be concluded that both in sheep and mice
similar physiological mechanism exists for the negative feed-back
control of ovulation rate. The heritability estimated was not
significantly different from zero. The genetic regression of the
natural ovu]atton rate and litter size on the treated ovulation rate
was not significantly different from zero. Although between breed
variation in ovulation rate in some sheep breeds can be explained through
the sensitivity of the hypotha]amus/pituitary to negative feed-back of
gonadal steroids, within the mouse population studied the trait show very

little genetic variation.

Spearow (1980) studied the physio]ogica] basis of genetic
differences in ovuTation rate in mice_se]ected from the same base
population for litter size, bostweaning body weight and in uhse]ected
contro], and reported that the strains differed in sensitivity of the
hypotha]amus/p1tu1tary to negative feed-back effects. He concluded
that the selection for postweaning gain increased the natural
ovulation alsp through decreasing the negative feed-back products from

a large number of follicles to-a large blood and fat pool. However,
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his study also showed that selection for litter size and gain

increase the natural ovulation rate through different mechanisms.
Selection for litter size increased the natural ovulation rate

by increasing the number of follicles at.many stages of development,

by changing‘the follicular growth rate at specific stages of

development, and selection for gain increased the natural ovulation

rate through a dramatically increased rate of fnduction of LH receptors
—and steroidogenesis by FSH and oestrogen. Even within a strain the
increased ovulation achieved by different selection methods has

a different‘physio1ogica1Abasis. It may well be possible that

within breed differences.in ovulation rate have a different physiological
basis from that betweén breeds. Sihi]ar]y the between breed differences
in milk production explained by insulin responses do not explain

the within breed variation in milk production (Osmond, 1980).

So far most of the work done on physiological basis of genetic differences
iﬁ ovulation rate on sheep has been concentrated on between breed
studies. "ﬁowever, Booroola sheep and control Merino strains

.present an appropriate model for studying the within breed physiological
variation 1h ovulation rate. Such studies are now being undertaken

by CSIRO research workers in Australia.

The main objective of the study of the physiological basis of
genetic differences -in ovulation rate is to identify indirect selection
criteria for increasing ovulation rate in sheep as the measurement of
ovulation rate is technically difficult. The merits of indirect
selection are dealt in general by Falconer (1960), and, éccokding]y
are dependant qpon'the selection intensity per unit time (1/})
app]icab]e to predictive and the desired trait, the respéctive

heritabilities (h2 and h2 ) and the genetic correlation between the
p " d
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two characters. It can be shown that the indirect selection cannot

be expected to be superior to direct selection unless the predictiQe
character has a substantia]]y higher heritability than the desired |
character and the genetic correlation between the two characters

is high or unless a substantially higher intensity of selection

can be applied to the secondary character. Ovulation rate is

sex limited but the underlying physiological character could be
measured in both sexes so that a higher selection ihtensity would

be possible by indirect selection. In such a situation even

if the heritabi]ity of the physiological trait is not substantially
high, sufficient extra response may be achieved in ovulation rate by
indirect selection if'the genetic correlation between the two
characters is'hjgh. Walkley and Smith (1980) considered physiological
traits in genetic selection for litter size in sheep. They

considered indirect selection not as'an alternative method but as
complementing each other in combined selection with litter size.

It also included use of rebeated measurementé on indirect physiological
traits and the use of paternal half-sib records which are usually available.
By considering a large range of possible situations they showed that
with lTow genetic correlations (under 3.0) the gain in response is
1ikely to be small_, But as the genetic correlation risgs the gain

in response can become as large as 50-100%. Therefore a

‘search should be made for physiological traits (or combination of traits)

e

-which aré intrinsically related to litter size and ovulation rate.

As an example of extra response, suppose that sex limited indirect
physiological trait has a heritability of 30% and a genetic correlation
of 0.5 with litter.size. ' TheAgain over the direct selection on

litter size would be about B% for indirect selection and about 50% for

combined selection. Thus 1f such parameters in males or females
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can be identified it could provide a useful tool in improving

Titter size in sheep.

Ovulation is physiologically a complex character. It
involves hormonal inter—re]ationsﬁips between the ovary and .
hypothalamus/pituitary so that the trait may be physiologically
broken down into number of stages. A]though'héritabi]ity
of -ovulation rate is high enough to respond to d{réct selection it may _
be ﬁéssib]e that there is small amount of genetic variation in
number of stages and that it may be difficult to find out one
physio]ogiéa] component with high genetic variation. However the
fhree fold difference in ovulation rate found between Booroola and
contro]’Merino has been attributed to single gene effects (Piper and

“Bindon, 1980).

Finally the work reported in this thesis show that there is
véfy little genetic variation in sensitivity of the hypothalamus/
pituitary to negative feed-back of oestradial 178 in the mouse
'population studied. However, the variation.in that system could
be used to modify gonadal function at the phenotypic Tevel.  More
investigations are needed before usingApassive immunisation technique
as a practical ﬁethod of improving gonadal function. It is
suggested that more within breed or strain physiological gtudies are
required in relation to ovarién function and it's feed-back control
to understand the physiological basis of genetic vériation in

ovulation rate.
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