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ABSTRACT

A series of experiments investigated the nature and csuses of
ovarian refractdriness in ewes sequentially treated with Pregnant
Mare's Serum Gonadotrophin (P.MN.S.G.). 70 ewes were subjected to
the following trcatments over 3 oestrous cycles of the 1972
breeding season:- 1. Injected with P.,M.S.G. at each of 3 cycles
(cycles 1,2 and 3);

2, Two injections of P.h.S.G, (at cycles 1 and 3)
separated by a normal oestrous cycle;

3. Injected with P.M.S.G., at two successive
cycles (cycles 2 and 3);

4. Injected at 1 cycle only (cycle 3).
These treatments were replicated at 1000 i.u. and 1500 i.u. P.l4.S.G.
and 9 ewes acted as an uninjected control group. The ewes were
blood sampled and slaughtered at the end of these treatments and
ovulation data were obtained by recovery of the reproductive
tracts. The terminal ovulation rates showed that ewes were
rcfractory to a sccond injection of P.M.S.G. and this condition
persisted. The refractoriness was to some extent alleviated by the
spacing of injections (Treatment 2 above).

Biological Inhibition Tests (using mice) analysed the plasma
of the above ewcs for evidence of anti-gonadotrophins. Although
such factors were not detected in the blood of these ewes, the
test did reveal antibody prcduction ageinst P.M.S.G. in the plasma
of a further group of ewes which had been chronically treated with
the hormone for 6 weeks. It was concluded that ovarian refractori-

ness, which is rapidly attaincd in sequentially treated ewes, is
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not due to the development of scerological antibodies against the
cxogenous gonadotrophin,

Another experiment, carried out early in the 1973 breeding
season, investigated ovarien folliclc development in 30 cwes which
were sequentially treated with P.¥%.S.G. for up to 3 oestrous cycles.
Zdwes werc laparotomised or killed on Day 10 of the ocstrous cycles
following treatmcent and measurcments on follicle development werce
taken. /4 group of control ewes werc observed at a similar time to
the treated cwes.

Counts on ovarian surface follicles differced 1littlc between
trecated and control ewes, at cach of the observations. However, the
ovaries of slaughtercd ewes vicre scctioned to allow estimation of
total ovarian follicular populations and to make some assessment of
folliculer atresia. 3Zwes slaughtered after 1 injection of P.I1.S.G.
had lower numbcrs of normal antral follicles per ovary than did
control cwes or ewes observed at similar times after 2 or 3
injections.

It wes suggested that exhaustion of ovarian follicular
populations may precipitate a refractory condition but that this
condition persists becausc of an endogencus hormonal imbalance.

Ffurther work should be done to investigate this latter possibility.
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INTRODBDUCTION

"The outstanding deficiency of the New Zealand
sheep is low reprocductive ratec and yet it is
in this aspcct that a great potential exists. '

(Coop, 1972)

Pregnant Marc's Serum (P.M.3.) as o source of gonadotrophin is
of potential valuc for increasing the rcproductive rate of sheep.
Superovulation with this hormone precparation makes rapid proliferation
of & small numbcr of 2nimals possible. The overall efficiency of this
treatment may be facilitated by ovum transfer.

Studies in New Zealand have shown Pregnant Mare's Serum
Gonadotrophin (P.M.S8.G.) capablc of increcasing litter size of the
Aomney ewe (Wallace, 1954; Larsen, 1871). However, the large litters
procduced after gonadotrophic stimulation are most susceptible to pre-
natel loss than those of normal size (Cumming, 1965) and the ebility
of P.M.S.G. to effectively increasc fecundity in the ewe is thus
limited. To realise the full reproductive potential of the ewe,
fertilc ove from superovuleted animals may be transterred to a number
of recivient cewes for development. This would avoid the problem of
uterine overcrowding.

With the introduction of "exotic'' breeds of sheep into New
Zceland, rapid multiplication of the smz2ll number imported would
2id efficient dispersal of their influence throughout the country

and hence, offer desirable characteristics to the national flock.



To obtain large numbers of offspring from the few parent individuals,
the "exotic" ewes could be superovulatad and mated to rams of the
same brecd. As this systzm would predispose to loss of whole litters
in the vre-natal stages, it may be more desirahlce to transfer fertile
ova from the supcrovulated "eoxotics" to ewes of a more common brecd.
This type of cperation has been suggestcd by Clarke (1973).

If donor cwes werce able to be superovulated a2t successive
ocstrous cycles, tac number of ova availeble for transfer could be
incrcnsed thus cnheancing the cfficicncy of multiplication procedures.
f.1though seqguential superovulations would be desirable, suca treat-
ments are not feasible. 7‘/ith incressing numbers of P.M.S.G. treatments,
cwes bceccome progressively less responsive to the injected hormone.
ThC roduced ovulation rates obtained with sequential gonadotrophic
stimulations is referrcd to as 'refractoriness' in responsc to the

xogenous hornone. The development of a refractory condition of the
ovary with administration of a protein hormone (c.g. P.M.3.G.), may

be duc to the production of scrological entibodies agoinst thc hormone
molecules. However, other explanations include loss of scensitivity

of the ovories, cxhausticn of maturc follicles, or an endogcnous
hormenal imbalonce being augnientcd by large amounts of exogenous
gonzdotrophin.

If thc foctors responsible for rcefractoriness to P.M.S.G. were
overconme, then setuential treatment of cewes could become feasible
and the yicld of ova over a short period of time would be potenticzlly
lcrger. This project was designed to elucidote causcs of refractori-
ness in cwes scequenticlly treated with P.M.S.G.  and methods of over-

coming the condition werc sought.
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CHAPTER I

R3VIZW OF LITIRATURE

The indication, by Cole and -Filler (1933), that P.M.S.
augmented the monifestation of oestrus in anoestrous ewes, created
¢ widesprecad intcrest in the hormone preparation cs & source of
gonadotrophin. Since this observetion, P.M.S.G. has been utilised
both for the induction of oestrus end ovulation in anoestrous
animals 2nd the superovulation of cyclic animals. Extensive usc of
P.N.S. as a laboratory source of Follicle Stimulating Hormone (F.S.H.)-
like activity has also contributed to knowledge on the preparation's
physiological and biochemiczl properties.. Literaturce related to the
usc of P.M.S.G. in cdomestic animcls is rocviewed below., The proseﬁt
stete of knowlecdge on the gonadotrophin's mode of action is also
considerecd.

By virtuc of their protein moeity, gonadotrophins become
effective antigens when injectcd into heterologous species. P.hi.S.G.
conforms to this pattern end the réview presented in this chepter
cmbodics a consideration of antibody formation against this molecule.
4 resuné of informetion availeble on Biological Inhibition Tests,
used to detect anti-gonadotrophins, is also pertinent to this study.

Tinelly, the incomplete knowlecge of sheep ovarian folliculer

dynamics will be reviecwed.



Pregnant Mare's Scrum Gonadotrophin

The capacity of P.M.S.G. to exhibit F.S.H.-1like activity in
shecp has becen rcported in many studies. DEfforts have been dirccted
towards its use in:-

- Inducing out of scason breeding, being used alone (Cole et al.,
1945; RAobinson, 1950) or in conjection with progestogens (Dutt, 1953;
2obinson, 1984; McDonald, 1961; Gordor, 1958b; 1963b; 1972; Roburts
anc¢ Idgear, 1966):

-~ Augmenting fecundity during the breeding scason (Robinson,
1951; “allacec, 1954; Gordon, 1958a; 1963a; Cumming and McDonald, 19G7;
Newton et al., 1971; Tempest and Boaz, 1670; Bindon ct al., 1971;

Hunt et al., 1971):

“ndocrinological studies, utilising its F.S.H.-1like propertics
(Short ct al., 1963; McCracken et &l., 1969; Hunt ct al., 1971):

- Production of ova for transplantation to foster 'recipients'
following fertilization in the 'donor' (4verill and Rowson, 1959:
Lersen, 1971) ané for studics on the in vitro fertilization and
culturec of ova (Moor and Cragle, 1971).

Notwithstanding the valuc of P.M.S. as a source of experimcntcl
gonodotrophin, the hormone also has practical value as a superovulctory
hormone (Gordon, 1963aq; 1972; Findlay and Vaughn, 1964; McDonzald,
1966; Robinson, 1967c). Gordon (1969) has pointed out the practical
difficulties in thec use of the hormonc at the ferm level.

Superovulatory responscs to P.M.S.G. in shcep have been rccorded
by a number of authors. Results of some of these studies are shown
in Fig. 1-1 which plots ovulation response (number of Corpora Lutea)

with increasing doses of P.M.S.G.
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Although a definite trend is seen with increasing dose rates
of P.M.5.G., most workers (Robinson, 1951; VWallace, 1954; Averill,
1953; Larsen, 1971) report marked variation of ovarian response in
indivicucl animals. This effect is greater at higher doses.

Response becomes progressively less with increasing doses (Averill,
1958) and falls off above some critical value (Robinson, 1951). The
incidence of cystic and luteinised follicles increases with dose
level (Robinson, 1951 and Larsen, 1571).

Hammond et al. (1942) and loorec end Shelton (1964) obtained a
clear relationship between dose level and number of antral follicles
when injecting sheep with Horse Anterior Pituitary extracts (H.A.P.).
These workers could not achieve lincarity of response with P.M.S.G.
WVallace (1954),Holst (1969) and Bindon et al. (1971) reported a
relationship between P.M.S.G. dose level and the number of corpora
lutca in sheep ovaries (see Fig. 1-1). Because of the large variance
amongst animals on each dose level, Robinson (1951) was able to plot
a linear curve within the limits of the standard deviations of the
mean responses to increasing dose. Lamond (1964b) derived a linear
increase in log-ovulation rate with log-dose of P.M.S.G. The inclusion
of follicle counts with numbers of corpora lutea as a measure of
ovarian response, produ;ed larger standard errors associated with the
mean response than when ovulation rate was considered alone (Larsen,
1971), Holst (1969) has shown significant dose effects of P.M.S.G.
in inducing increases in the number of ‘persistent’' follicles and the

number of corpora lutea plus 'persistent' follicles.



To counteract differences in response recorded by individual
workers in different environments, Averill (1958) suggested the use
of regression analysis, when drawing comparisons. The slope of the
responsce line would then offer a common denominator for all trials.

Recently, Hunt et s1. (1971) have noted a better ovarian

response (number of corpore lutea) when sheep F.S.H. was used in

preferenece to P.i..8.G. for superovulating shcep.

Factors ~ffecting Responsc to

Pregnant biarc's Serum Gonadotrophin

1.  Breed

Somc of the discrcpancies between results obtained by differcent
authors (scc Fig. 1-1) in cwe response to P.M.S.G. may be resolved
when breed difficrences, or differences in inherent fecundity, are
taken into account. Robinson (1951) usecd breceds of a higher natural
fecundity (natural ovulation rate of 1.4-1.9) than did “allace (1954)
(1.13-1.17) and produced a stecpcr curve than the latter.

McDonald and Ch'ang (1966) found diffcrcnces in ovulation rates
between normal cwes of the samc strain when they werc exposea to
diffcrent cnvironments. Using P.k.S.G., Braden et al. (1960) showed
diffcrential responscs between eves of the same breed which were
obtained from diffcrent sources. 7/allace (1954) has described a
similer cffect when trcating Romney ewoes of different strains.

The finding that breeds of an inherently higher fecundity will
respond better to supcrovulation is bornc out by the work of Bradford
et al. (1971) yet Bindon ¢t al. (1970) have found that ewcs of a

higher natural ovulation rate may need higher doscs of P.l.S.G. to



effect maximal superovulation, than ewes of comparatively lower
fecundity.

2. Liveweight ancd Nutrition

Hammond (1952) postulsted that high plane feeding of ewes
procuced more follicles with an antrum than did low plane feeding.
The influence of liveweight on ovarian activity has subscquently
been verified (Coop, 1966; Allison, 1968). However, Wellace (1954)
found increased nutrition, resulting in elevated liveweignt
(flushing), to heve little effect on ewe ovulatory responsc to
P.M.S.G. The increase in ovulation rate, effected by thc hormone,
was noted on all plancs of nutrition but was larger in ewes on
a sub-maintenance diet than for flushed cwes (Allen and Lamming,
1961), In agreement with these latter authors, Lamond (1963) noted
that acdministration of ».M.5.G, may compensate for nutrient
deficiencies on low plances of nutrition. Lamond also prescnted
tentative evidence that, for cwes suffering from uncdernutrition,
responscs to gonadotrophin may be more closely aligned to bodyweight.

Recent work (Newton et al,, 1970; Bradford et al., 1971)
indicates little evidence of a relationship between liveweight of
the ewe ancd the ovulatory response to F.M.S.G., Tait (1971) showed
no evidence of an interaction between response to F.M.S.G. and
nutritional levels when consicering number of lambs born per ewe.
Allison (1973) and Bastwood (1973) reported that ewes fed on a high
plane of nutrition (highecr liveweight) showed a better ovarian
rcsponse to P.M.3.G. than thosec on a low plane of nutrition (lower
liveweight) but the differcnces were statistically not significent

in both cascs.



The fasting of heifers after & low planc of nutrition will
cause a decrease in ovulation response to P.i#,S.G. but will not do
so after a high planc of nutrition. Fasting also leads to a greatcr
varietion in the heifcr's responsc to the hormone (Lamond, 1970).

3reed and inherent fecundity thus seem more likely to cause
differcnces in response to P.M.S.G, than differences in liveweight.

613 Season of administration

Scasonnl differonces in thce incicdence of multiple ovulations in
cwes have becn noted by Redforéd (1859). McDoneld and Ch'ang (1966)
rcported a similar variation during the breeding scason of Romney
ewes which showec negligible changes in liveweight over the period of
ocscrvation. These latter authors noted the natural ovuletion rate
of cwes to risce between the first -nd third oestrous cycles of the
breecing scason.

Braden ct cl. (1960) detectzc better superovulatory responscs to
P.M.S.G. when trcating ewes c¢arly in the breeding scason in prefcrence
to treoctment late in enoestrous. However, with ncon-superovulatory
c¢oscs, P.M.S.G. may induce similar ovarian responses in enoestious
znd cyclic ewes (Lamond, 1962). ‘iith Suffolk cwes, Averill (1958)
notcd = slightly (non-significant) grcoter ovulatory response to
P.I1.8.G. treatment in the brceding scason, comparec with progestcrone-
F.M.8.G. trcatment in the non-breeding season. A smell difference
between ewes superovulcted in different breeding seasons was alsc
evident and may have becn due to the timc of the season in which
the trcatment was imposcd.

Veriations within a scason in ewe sensitivity to oestrogen
have been recorded by Raesidc and McDonalcd (1959), Renrdon end

Robinson (1961) and Gibson and Robinson (1971). Liveweight and



nutritional status affect this response although light and
temperature play a dominant part (Gibson and Robinson, 1971).
4. ige of Ewe

iobinson (1551), averill (1958) ond Gordon (1963s) have all
reported that there is no differential response in ewes of
diffcrent zges when the animels crce superovulated with P.M.S.G.

S. Dey of Injection

idministrotion of P.M.S.G. between days 12 and 15 of the
oestrous cyclc will usuclly effect similar ovulation ratecs in
ewes (Robinson, 1951; Vizllace, 1954; Bindon et al., 1960;

Cumning, 1965; Bindon et al., 1971; Larscn, 1971).

There is an interection between F.M.S.G. and progestagens which
affects the ovarian response whicn the two hormones are used
concurrcntly (Lamond, 1964a;b). Type of progestagen pretrcatment
may influence time after treetment at which P.M.S.G. should be
injected, for optimal ovulation results from the gonadotrophin,
(Lamond 1964b; Roberts and Edgar, 1966). Hulet and Foote (1987 and
1969) noted that P.k.S,G. trcatment on the day of termination of
progestagen synchronisation, yielded lower ovulation rates than if
the samc ewes were injected again cduring the following oestrous
cycle.

6. Nature of P.M.S.G.

Whole scrum appears to offer a better response in ewes (Gordon,
1958a) and in cows (Rowson, 1951 and Brock and Rowson, 1952) than
freeze-dried (whole serum) powders. The latter are in turn better

than purified powders. This fact may account for some of the
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diffcrences in response that are seen in Fig. 1-1. For exanmple,
Robinson (1951) uscd whole scrum and obtainoed considerably larsger

recponses than %Walloce (1954) whe uscC a dried preparation.

Mode of action of

Fregnant Marc's Scrum Gonadotrophin

Lamond (19642) stated thet:

"Knowlodgo about the way whcreby gonadotrophins
act on the ovary is meagro".

Zowever, with recent advances in assay techniques it is now
casicr to monitor hormonal fluctuztions in vivo (sce Fant et al.,
1972). Study of the endocrinclogy of reproduction is also aided by
thc use cf ovarian transplants (licCracken ct al., 1969) which
cnz:blz blood flowing to and from thc glend to be monitorec in the
conscious animal.

There are suggestions thaot tihie cftfect of P.M.S.G. is mediated
indircctly, through the pituitaory. For example, Rennels and
C'Stcen (1967) cxhibited o significant decrease in pituitery
goncdéotropain (L.H. and F.S.H.) of rots trcated with this hormone.
The direcct responsc of the ovary to P.}M.S.G. is displayecd by the
aCmiristration of thc hormone to hypophysectomiscd mice and rats
(Lamond and Zmmens 1959; rlux ond Li, 1965)ﬂ Howecver, ovulation
will not occur in the cbscnce of thce hypothalemus (Quinn and
Zarrow, 1964; 1965), suggesting that neuro-endocrinc pathways erc
ablc to mediatc end enhancc ovarian responsc to the exogenous
gonadotrophin. Stimulated follicles will beecome luteinised

(Cole, 1969), but it is thought that £.M.S.G. must clicit a
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release of pituitary L.H. beforc ovulation may occur (Quinn anc
Zarrow, 1984; De La Lastre, 1972). Lamond anc Emmens (1959)

have shovm that responses of mice given F.M.S.G. are lesscned by
hypopiiyscctomy and suggcst that cndogenous L.H., is the limiting
factor in mouse responsc. ..dministrztion of H.C.G. to such animals
will enhance the effect of £.i28.G. (Lamond anc Bincon, 1966).
wnpart from the role played by endogencus L.H., in ovulatory respcnse
to T.iH.3.G., the exogenous hormone mey itsclf contribute to the
iutcinising of follicles and ovulation of the same (\Williams,
1945a;b). 4 preparation of P.M.S.G. uscd by Lamond (1960) wes
cstimatced to have approximately onc third the L.d. potency of
7.C.G., as a source of L.!. and Schmicdt-Emendoff gt al. (1962)
found n preperation of the hormone to have an #.S.H./L.H. ratio of
e 10-like.

To what extent the L.H. moeity in P.M.S.G. preparations may
contribute to the L.H. requirced to ovulate stimuleted follicles in
the eve ie not known. Bindon et al. (1971) ancd Allison (1973) have
suggested thc usce of hypophyscctomiscd shecp to claerify this point.

Figon et =1. (1960) ciscovcred a decreasc in pituitery L.H.
content when ewcs were given P.M.S.G. The importance of thc pre-
ovulatory surge in L.H. is well documented (sce Fant et nl., 1972).
Hence the rcliance of supcrovulilation on an adequete supply of
encogenous L.H. is ceasy to imaginc. In fact, differences in L.H.
contents of circulcting blood or pituitaries of cwes may be primary

cause of diffcrent responses among cwes given FP.M.S.G. (Bincon

et al., 1971).



12

In the ewe, P.M.S.G. will cause follicle growth in the
snocstrous period (Robinson, 1954) and effective superovulation
during the breeding season (Larsen, 1971 and many others). Using
ovarian transplants, Bairc¢ et =1. (1968) found P.M.S.G. to causc
rclease of cestradiol-17-Bcta from the ovary with a delay of 2+
cdays from the time of infusion. Tic delay before a rise in L.:.,
effected by thc same hormone, is 41-46 hours (Cumnming ct ol., 1971).
Although L.H. infusicas will increcasc the steroid output of tiae
autotransplanted ovary (McCrocken et al., 1969), which could in
turn elicit the releasc of cndogenous L.H. (S8hort, 1972), the
cbove suggests that P.M.S.G. may itsclf stimulate thc dircct
relcasc of cndogenous L.H. from the pituitary. This could occur
beforc a rise in circulating oestrogens and hence be a direct
cffect of the gonadotrophin on the pituitary. This argumenc is
based on the fact that P.M.3.3. will produce a rise¢ in circulating
levels of L.H. before a rise in oestrogens.

4n ovulating dosc of L.H. cxtracts may (Braden ¢t al., 1960;
Hunt et al., 1971) or mey not (Robinson, 1951) sugment & more
cfficient supcrovulatory rceesponse to P.AhM.S.G. in ewes.

Greep (1973) in rcviewing the state of knowlcdge about
gonacdotrophins indicates that the primary site of action of F.S.H.
is on the granulsoa cells of growing follicles. f{iction of such

hormones is thought to be mediated by cyclic AM.PY (Greep, 1973).

* 3'-5' - idenosine Monophosphate
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Chemical Churacteristics of

Pregnant Mare's Serum Gonadotrophin

Information on the chemistry of ¥.M.S.G. has been reviewed by
Geshwind (1963) and apkoff (1955).

?.M.S.G., is a molccule consisting of peptide chains,
carbohydrate and sialic aci¢ (Gospodarowicz; 1972). Zstimates of
molecular weight have ronged from 28,000 (rapkoff, 1969) to GG,000
(Morris, 1964). Gospodarowicz (1972) decided that, with a molecular
weight of 53,000, being reduced and alkylated to 23,000, P.M.S.G. is

an oligomeric moleculec composed of two sub—-units.

Inmunology of

Prepnant Marc's Serum Gonadotrophin

Soon after the discovery of P.M.S.G., by Cole anc Hart (1930),
Selye et al. (1934) detccted the formation of antibodies being
produced against the exogenous gonadotrophin. 17ith this realisation
a large intercest was taken in the field of anti-hormones. Rcviews on
the carly work have been prepared by Collip et al. (1940), Thompson
(1941), Leathem (1949), Rowlands and rarkes (1965) anc ¥right (1965).

Thompson (1941) stated that the early literature seemed:-

"Almost hopelessly confuscd by the numbcr of hormones, the

variance of their sourcecs, the wide variety of test

animals experimented upon and the number of diffcrent

approaches used in the study of the problem".
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Rowlcnds and Parkes (1965) decided that:-
”Responsos of animels to prolongec injections of
anterior pituitary extracts of heterozoic origin is
that the hypertrophy produced initiclly by the target
orgen is not maintained indefinitely. Ultimately a
statc of physiological hypophyscctomy is reached, In
these circumstances the ovarics have lost their capacity
to respond to injcected gonadotrophin".

3ut refractoriness of the ovarics was not thought due to
inscnsitivity of the organ by other viorkers. Follicular exhaustion
of the ovary was excluded as & possibility becsusc animals incapable
of further rcsponsc to one gonadotropkin were sensitive to
preparations from other species (fiafez gi al., 1664), anc
rvefractorincss was not scen to devcelop vhenr homologous cxtrects
vere injected (in fact pro-gonecdotrophic responses were rceported
Xatzmen et al., 1947).

Initinlly antibodics to hormones wviere colled "anti-hormoncs’
yot it was not known whether anti-hormonces anc antibodies to
hormoncs wecre the same (Geshwind, 1963). In fact poor corrclations
were observec between anti-hormonal zctivity anc any chemicel
mcthods uscd to quantitate the extent of the reaction e.g. Van Den
Znde (1941). S8Some suthors supportec the view that the more pure a
hormonc preparetion was, tnc loss likely it was to be antigenic
(Rowlznds and Farkes, 1985).

P.M.8.G, is rcgarcdec as a good sntiigen when injected into

hetcrozoic species (Rowlands and arkes, 1965). This may be
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ettributed to its high contcent of pepticde sub-units and its
long half life in the blood stream (Ferlow, 1961), For the latter
reason & single injection was found to be as effective as
multiple injections in causing incrcecased ovarian weight in
imm:.turc mice (Conncll, 1965). The ratc of loss from the blood
strcoam appecars to be independent of dose ( Lamond, 1959).

“reparations of F.1LS.G. are regarded as being very impure
(sce Flux and Li, 1985). Hence the administration of the hormone
mey cnhancc the formation of & number of antibodies not related to
the gonacotrcphin molecules (Van Den 3nde, 1941, Flux and Li, 1$65).
However, fewer antigen-antibody complexes are formed with more purc
pircparations.

Compeonente of preperationc cther than the heormone fraction may
nlso be poteont antigens (Van Den Znde, 1941). The fact thet
impurities may be morec strongly antigenic than the hormonec itself
iias scon displayed by Segal ct ol. (1960) and Scgal ct al. (1962).

tntibodies to P.M.S.G. include a fraction reacting with horsc
scrum proteins, These arec partly cbsorbed by normal mare's serum
without any loss of anti-P.M.S.G. potency (Flux and Li, 1965).
Injecting normel marc's serum into ewes for two months will induce
antibody production of a lower titre then 2 similar trcatment with
Z.M,S.G.,, demonstrating the.t the hormone fraction has specific

antibocdies associzted with it (Cole et al., 1957).



“we Cverian Weight Response to

Pregnant Marc's Serum Gonadotrophin

Robinson (1950, 1951) and f:llen and Lamming (1951) measurcd
ovarian weight after stimulating cwes with P.M.S.G. and found
linear relationships betvicerr ovarian weight and cdose level of the
hormone, { straijzht linc is also obteined by the regreseion of
ovarien weight on the number of covrpora lutea present (Robinson,
1951).

Hutchinson and Robertson (1966), obscrving unstimulatced cwes,
have found a significant rclationship between total follicular

volumc and ovarian weight in ovaries devoid of corpora lutca,

issay of Gonacotrophins and ..nti-gonedotrophins

The valuc of using immaturc mice to assay gonadotrophins has
been indiceted by Brown (19255). Green (1955) states that the
immaturce mousc ovary scecrctcs hormone within 12 hours of an
injection of Equine rFituitary Gonacotrophin. The degrec of
response may then be quantitated by measuring uterinc or ovarian
welights.

Uterine 2nd overian responses in the mouse have been rcecorded
with H.C.G. (Lamond and Bindon, 1966), with F.S.H. (Browvmn, 1555,
Igarashi and McCann, 1964 and Bell, 1969) and with P.M.S.G. (Green,
1955; 19565 Suhiro et al. 1985; Sasamoto, 1972; Christiansen and
Bleftheriou, 1972).

‘Hypopnysectomised mice may be used for the specific assay of
F.S.H., measuring its augmentation of the response by H.C.G.
(Lemond and Emmens, 1957; Uteroi and Meyer, 1967; Lamond and

Bindon, 1966; Bindon and Lamond, 1966). Lamond and Bindor (1966)
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statc that the uterinc weight is a more sensitive indicator of
F.S.H., potency thun ovarian weight, even though the ovary is the
primary target of the hormenc, Intraperitoneal injection increases
thhe scensitivity of the asszy of #.0.S8.G., in immature mice, cs
compared with subcutancous injection (Sasamoto, 1972). Lin and
Dailey (1885), Zarrow ct &l. (1972) and Bell (1$89) hove
acdequetely demonstrated that tiic response varies significantly
between strains of micc.

Cole znc Arway (1941) devcloped = 48 hour assay test for
Squine Fituitary Gonedotrophin with results expressed in
Intcrnational Units. The test was bascd on measuring the cvarian
response in 25-day-old rats. Colc ot al. (1957) modified thais
assay to measure the inhibition of response to injected F.li.S.G.,
by antiserum against the hormone. Results arc reported by indicating
the % inhibition of the response. The same method was used by
Pigon et al. (1960) to necesure anti-F.M.S.G. titres in caronically
treatec ewes and by Jainudecen et al. (1966) for a similsrr stucdy with
cattle scquentially trected with the hormone. Nakaheri gi al. (1964)
crnployed immature mice to detect antibodies against P.14,5.Ge which
were produced in cattle. Johnson (1962) used both rnts and mice for
the detection of anti-gonedotrophins.

Since Ouchterlony (1549) developed the technique of
investigsting antibody-entigen systems by means of double diffusion

through an agar gel, the methcd has been widely used (see Rees=

Midgely 1569).
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In particular, Segal et al. (1960) and Segal et al. (1962) heve
usec¢ the technique to diagnose the immunology of gonadotrophins.
Flux =nd Li (1965) have investigated thc cross reactions amongst
gonadotrophins by this means ancd compered the results with those
from biological inhibition tests, pcrformed in hypophysectomised
rats. Cross reactions and impuritics in the hcrmone-antisera
complcxes complicate analysis by this mcthod &lthough thesc draw-
backs may bec overcomc by the use of electrophoresis, chromatography
and the removal of unwantcd antibodies by absorption with specific
antigens (Flux and Li, 1965 anc Rees-Midgely, 1969). The presence
of non-precipitating antibodies must always be considered when
intcrpreting results from this method (Rees-Midgely, 1969) and there
arc some indications that antigen-antibody complexes involving

P.M.S.G, may be of this kind (Johnson, 1962).

Refractoriness of the ovary in ewes scquentially

treated with Pregnent Marc's Scrum Gonadotrophin

Sefractoriness duc to "anti-substances' was noted by Parkes
(1942). ‘ilhen rabbits were stimulzated with Horse Anterior Pituitary
uxtraects (H.A.P.) the initial hypertrophy of the ovaries was
followed by a decrease in the number of follicles developing with
subscquent trcatments. Adams (1653) noted a similar effect.

A summary of the literature pertaining to the refractory

condition is given in Table 1-1.
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TA”LBLE“! 1-1

Literaturc reporting refractory conditions of the ovary

after Pregnant Mare's Serum Gonedotrophin trecatment

Species iuthors
Bovine Dzuik et al. (1948); Villett et al. (1953);

Cole et al. (1957); Hafez et al. (1964);
Nakahari ct al. (1964); Jainudeen et zal.
(1266); Laster ot al. (1971).

Ovine Pigon ct al. (1960); Hulet and Foote (1967,
1969); Larsen (1971).

Murine Fowler ond Idwards (1957); Edwards and
Fowlcr (1960); Lin and Bailey (1965);
Land and McLaren (1967).

Rodentia Johnson (1962); Greenwald (1963).

Largomorpha Perkes (1942); ..dams (1953).

Fowlcr and Zdwards (1957) produced a refractory condition in
micc by injecting P.M.S.G. and H.C.G. ZSdwards and Fowler (1960)
decided that, since four successive ovulaztions could result from
four scrics of gonadotrophic stimulationr, follicular cxhaustion was
not likcly to be responsible for rcfractoriness. Lin and Bailcey
(1665) substantiatoed this cleim by producing one to ten
superovulations in micc on similar treatments.

Lend and McLaren (1967) have postulated anti-P.M.S.G.. to be
responsible for refractoriness dceveloping in mice subjected to

successive superovulations.
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Dzuik ct al. (1948) detccted no consistent reduction in
superovulotion when cows were repeatedly stimulated with
gonadotrophins, the interval between treetments varying from 49 to
359 days. However Willett ct ol. (1953) obtained n refractoriness
by trecating cows with a veriety of gonadotrophins. Hafez ct al.
(1964) and Laster ot 21. (1971) reeliscd lower ovarian responses to
retreatment of cows with P.1.3.G. Cole et al. (1957) and Jainudcen
et al. (1958) demonstrated anti-gonadotrophic activity in cows
repeatedly stimulated with P.M.5.C., the former using precipitation
tests and biological inhibition tests and the latter using
biologicel inhibition tests alonec.

Cole et al. (1957) and Nakahari et al. (1964) decided thet
antibodies to P.M.S.G. would only be produced in cattle if the
animals were treated with supra-physiological lecvels of the hicrmonec.

an animal does not ncrmally develop antibodies to endogcnous
gonadotrophins. However, in some cases, when a protcecin hormone of
e different specics is introcuced, the antibody formed against it
also rcacts with the endogenous hormones. Hence, rats immunized
with ovine L.H. developed an antibody which neutralised endogenous
L.H. (WVakabayashi and Tamaoki, 1966). Lin and Bailey (1965 and
Vitschi and Johnson (1960) have =lso hinted that repeated injections
of P.M.S.G. may inhibit cndogenous hypophyscal control.

Jainudeen et al. (1966) decided that normel follicle cevelopment
continued under the influence of cndogenous hormones while anti-
bodies to injected P.M.S.G. rcncered exogenous influence incapable

of stimulating the ovaries of cows.
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Grecnwald (1963) showed that anti-P.M.S.G. would not
interfere with the endogenous control of cyclic behaviour in
hampsters. To rcinforce this argument, Land and McLarcn (1967)
found that even though the responsc of mice to Human Chorionic
Gonadotrophin (H.C.G.) ceascd after repeated injections, normal
cycles resumed later, in spite of continued treatment. These
latter authors thus concluded that the effect was that of an
immunity to the injected hormone, not a refractoriness of the
ovary. However thcy did not seek eny cvidence of antibodies
being present.

fntisera to one particular hormone may also inhibit the
action of other exogenous hormones (see Lunfeld and Eshkol, 1969),
The basis of this cross-~recactivity may lie in the similarity in the
antigenic sites on the hormones (Geshwind, 1963). Similarities in
taxonomic relationship betwecn animals may also enhance cross-
reactivity (Katzman et al., 1947 and Geshwind, 1963).

P.M.S.G. is sufficiently similar to Equine L.H. to result in
confluent patterns in agar gel diffusion tests (Desjardins and
Hafs, 1965)., These authors also saw Ovine L.H. to be ncutralised
(biologically) by antisera to Zquine L.H. They also saw that
antisera to P.M.S.G. and Ovine L.H. would not inhibit the action
of H.C.G. in hypophysectomised rats. Ely and Chen (1967) also
showed antiserum to Ovine L.H. to inhibit P.M.S.G. action.

In considering the above results it is important to note that
because an antibody is agglutinating, precipitating or neutralising,
it does not nccessarily follow that these processcs parallel one

another (Geshwind, 1963).
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Pigon et al, (1960) subjected cwoes to chronic treatment with
P.M.S.G. ond developed a potent antiserum. The treatment resulted
in o lowercd pituitary content of L.XH. which may be one of the
factors responsible for the failure of such ewes to ovulate.

Hulet anc Foote (1967) dcmonstrated a feoll off in ovulation
rate when cwes were superovulated ot six successive ocstrous
cycles. Investigating the phenomenorn morc fully, :Hulet ané Footc
(1969) showcd the development of a cdefinite refractory condition
yet did not scck cvidence of ontibody production, Informetion on
the dissipation of the condition withi timc wes revealed., Larscn
(1971) found a similar effect in New Zealand Romney and Border-
Leicester—-Romney cross ewes when the cwes were treated over thre
successive cycles; & high incicdcnce of cystic and luteinised
follicles rcsultecd from the treatments.

Conflicting reports on the cffects cf dosc lcvel of
administercd hormonc on thi refractory condition meke conclusions
difficult. Parkes (1942) showed thot o geometric rise in doscge
cvery fow days feiled to overcome tite increasing insensitivity of
the ovary. %illctt st al. (1953) and Jainudeen et al. (1868)
dcecided that increoses in doce of P.Li.53.G. would partially overcome
thc condition. This was not verificd with similar treatment of
sheep (Larscn 1671). Pigon ¢t al. (1960) reported that 200 I.U.
clicited & more repicd manufacturc of antibodices in sheep than
500 1.U. when P.M.S.G. was given at chronic levels., Higher doses
were seen to be more effective for antibody production in cows

(Colc et 21., 1957) and rats (Johnsor, 1852).
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Antibodies to P.M.S.G. have becn noted in the blood streams
of treated animals some consicdercble time after scequential

treatments with the hormone (Nakahari et 2l., 1964; Jeinudeern ct

I

ol., 1686} and have boen postulatcd to be prescnt up to a yuar
from trentment (Tillett et sl., 1853; Hulct and Foote, 1965).
dowever rigon et al. (1960) stated thwe effecect to be dissipated
ovcr three weeks subscguent to the treatment.

i second scrics of gonacotrophiic injections, some time after
the fipst, will offcct en upsurge in antibody titre (Cole ¢t 2l.,

1857; Pigon ot ©l., 1960; Mukaohari et el., 196::). This is typical

of an immunec~-like rcsponsc (IMossal, 1971).

Follicular growtin ond atresia in the ewe ovary

Grovth of ovorian follicles in the ewe has becn studied by
Grant (1£34), Mcienzic end Torrill (1937), Kammalade et al. (1952),
Santalucito ¢t al. (1960), Robertson and Hutchinson (1962).
Hutchinson and Rebertson (1966) Smecatcn cnd Roberison (1971).
Holst ot al. (1972) ond Brand and De Jong (1973). Folliculer
dyneimics has been investigatod in the mouse (Peters and Levy, 1966;
Pctersen, 1970), the pig (%obinson and lialbandov, 1951; Parlow gt cl.,
1964) anad the cow (Rejckoski, 1960; Irickson 1966; Choudery ct 2al.,
1938). Folliculogencsis in a variety of mammals has been revievicd by
Mauvleor (1969), follicular atresie by Ingram (1961).

Thc preovulatory surge in follicular growth has been rccognised

for a considerable time (Grant 1634). Mci{enzie and Terrill (1937)

stated thet the number of smell follicles (1-2 mm.) in the ewc overy
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was quitec variable and some indivicuals haed consistently morc than
others. ''Great variation” in the number of ovarian follicles was
£1so observed by 3rend and De Jong {(1873) in 33 normal Teoxel cwes.
The latter authors found a2 prir of ovarics to contain 32.2% (Meen=
34.2,8.2.=38.1) normal nnd 67.8% (lican=177.1,3.5.=103.4) satrctic
follicles with diamcters greeter than 2 mm, However, of the normal
tertiary follicles, 82.7% had a ciamcter of less thon 1 mm.  Choudary
&t 21.(1968) found 2 mezn rclative proportion of 23.9% normal and
75.3% atretic fcllicles prescent per poir of overies in cyclic heifers
of unspecificd breed.

Yammalade ct al. (1852) end Sontaucito ct al. (1960) stated that
follicle growth tonded to be continuous throughcout thc cycle.o
Robertson and Hutchkinson (1960) ancd iutchinson and Robertson (1966)
uphclc this concept ancd considered that follicles cdestincd to ovulate
at tiic cnsuing oecstrus begin to cnlerge 4-5 days after the onset of
the prcvious oesirus and then pause until & pre-ovulatory surge in
growth. However Smeaton and Joboertson (1871) point out that these
conclusions were deduced from obsoervetions on the ovarics of cdifferent
aninals killed at various stages of the cycle. This letter study
traccc tiic pattern of folliculor growtih by injecting Indian ink into
the follicles and thus monitored subscquent dcevelopment of follicles
previously observed. This method reliced on the assumption that the
follicles continued to grow normally efter the administration of ink,
The stucy suggested that thcre may bc thrce or morc waves of follicle
growth during one cycle. Follicles enlarging at the beginning of the

cycle may become atrctic and not ovulatces This concept of folliculer
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growth is consistent with the fact that once may show thrce peaks

of oestradiol-17-beta sccrction from the ewe ovary on days 3-4, doys
6-9 cond cdeys 11-15 after ocstrus (Mlattner and Braden, 1972). Holst
et al. (1972) show thesc pecks to be concomitant with an increasc in
follicular volume of thc ovary. Brand and e Jong (1973) have
rccently found only two growth weves of follicles in sheep overics.
The first was detected from days 1-10 and the sccond from cay 6 of
one cycle to day 1 of the next.

Peters and Levy (1968) and Fetersen (1970) hove traced
follicular growth in tihc mousc ovary by using radic-active
thymidine.

Brend ond De Jong (1073) suggost that the growth pattern of
cnlaerging follicles is influenced by the levels of circulating
progestcecrone. The end of the first wove of growth, cdctected in
their study, was at the time one would expect progesteronc levels
to nave reached maximum levels in the blood and cnlargement of
prcovulatory follicles on day 16 was at & time of expected low
lcvels of plasma progesterone.

There is 2 sharp increase in the size of the corpus lutcum of
thc cwe betweon 36 hours after ovulation and § cdoys after onset of
oestrus (Hutchinson end Robertson, 1566). Luteal regression begins
obout day 10 (Grant, 1934; Scantolucito ¢t al., 1960; Hutchinson and
Zobertson, 1866). Rapicd doegenceration occurs between this time and

the onset of the next oestrus (Hutchinson and Robertson, 1966).



PURYOSE AHD 3COPE OF THI INVISTIGATION

The production of antibocdics to ¥.14.3.G. has becen demonstrated
in sheep. The fall in ovulatory response of c¢wces treated
scquentially with this hormonc has been postulated duc to the
cdevelopment of such anti-P.K.S.G. fzctors.

Tac first part of this project consicdered the develogpment of
& refrrctory condition in response of cwes treated with P.HH.S.G.
over tarce oestrous cycles. rleaesma from thesc cwes, and thet of
cwcs chronically treated with the gonacotrophin, woere tested by
& Biclogicel Inhibition Test, using immaturce mice. Thc hypothesis
that ovarian refractorincess in P.lI.S.G.-trcated cewes was due to
anti-gonadotrophic cgents could thus be tested.

On the¢ besis of these investigaotions, it was comsicdercd
necessary o clucidate other possible cocsual frctors in the
cdevelepment of o rofractery state of the overies in sequenticlly
trected ewes, Hence in a further experiment, the possibility that
the supply of normal mature (antral) Graafian follicles was depleted

by rcpeated trectment, was examined.



CHAPTER II

MATERIALS AND METHODS




Chapter I1

MATERIALLS AND METHODS

Sheep and their Management

#wes used in this study werc 'cast for age' (five or more
yeczrs) Romneys with no records of prcvious lambing performance.
Shcep for Experiment 1 were purchased in March, 1972 from a mixed
linc of ewes offered for auction at a local sale. The cnimals for
Experiments 2 (8 sheep) and 3 (40 shcep) were 'cast for age' from
various flocks on the Massey University farms. The latter ewes
wvere consequently derived from an environment similar to that in
which the cxperiments were conducted.

All ewes were rotationally grazed on Ryegrass-=''hite Clover
pastures with yard and surgical facilities nearby. Sheep of
Zxperiment 1 were oifcred pasturc adequate to effect only a slight
loss of body weight over the duration of the trial. The district
suffered drought conditions during January-February, 1973 ancd sheep
of Experiment 3 were subJjccted E6 feed restrictions at this time.
The drought cnded on March 5th,1973 and good autumn pastures were
available for the experimental period. Liveweight changes of ewes
over the duration of Experiments 1 and 3 are shown in Fig.2-1 and
Fig.2-2 respectively.

Zwes were identified by serially numbered ear tags and
corresponding numbers branded on their shoulders. Vasectomised

rars ('teasers'), fitted with Sirc Sine mating harness, were run
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with the ewes during all experimental trcatments except when the
latter had recently been laparotomised or mated. Vhen laparotomics
werc performed the opcerated ewes were run without a ram for 3 days
to prevent 'rape' services while they recovered. The ram to ewe
ratio was never less than 1/40 and was usually greater.

Obscrvations to record oestrus in ewes were made at 08.00-
09,00 hr. and 17.30-18.30 hr. Marked ewes were withdrawn from the
flock to increase the efficiency of ocstrus detection in the
remaining ewes. The sheep were yarded to inspect the rump regions
for crayon markings that significd scervice by the teaser rams.

Prior to laparotomy, ewes were yarded and starved overnight.
This diminished the risk of loss associested with anaesthesia and
surgery. Jifter operation, ewes were placed in pens to recover and
then allowed to move back to pasture in their own time.

Bwes of Experiment 1 were subjccted to progestagen treatment
in the middle of the breeding scason and had therefore experienced
a number of oestrous cycles prior to the treatment. Experiment 2
was carried out in the non-breeding season and ewes were not treated
with progestagens. Synchronisation of oestrous cycles of ewes in
Expcriment 3 was initiated before the 1973 brecding season began.
In 1973 cwes on the same farm aos that used for these experiments,
were first seen to display oestrus on 18 February. This was 2 days
after progestagen sponges had becn inserted intravaginally into shoep

of Zxperiment 3.
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Mice and thecir Husbandr;

Micc were employed in a test for anti-gonadotrophians
(Zxperiment 2), They were descended from the inbred NOS strain
derived from a stock of albino mice of unknown origin and have
been previously described by MacKenzie (1572). This strain is
known to be characteristically oestrogen sensitive (.inon,1965).
Only immature females, weighing between 7-10 grams, and becing
approximately 25 days of age, werc used.

The mice were collected over a period of 4 months (December,
1972 to March, 1973) by weaning litters that had reached the
desired age or weight. Both these factors werc taken into account
in order to obtain mice of a uniform size i.e. stage of maturity.
Micc from larger litters took longer to rcach the desired weight
than thosc of smaller litters.

Plaestic mousc boxcs, with a flooring of saw dust, were used.
Pelleted food and water were provided ad libitum. The mice were
kept in the same room and held at ambient temperatures.

Experimental Design

The investigation involved three experiments:-

Zxperiment 1: The development of an ovarian refractoriness in

cwes subjected to various sequences of P.M.S.G. injections over
three oestrous cycles.

Ixperiment 2: Biological Inhibition Test for anti-gonadotrophins.

Experiment 3: Ovarian follicular development in ewes super-

ovulated up to three times with P.l.S.G.
Flow diagrams outline the design of Experiments 1 and 2 in

Fig.2-3 and Fig.2-4. Design of Experiment 3 is set out in Fig.2-6.



Experimental Procedure

Sxperiment 1

Eighty-two enimals werc available for trcatment., Initiclly,
the oestrous cycles 0of all cwes were synchronised by progestagen
acdministraticn. This techniquc aided the concduct of the experiment
as all ewes could be treated within chronological 1limits, thus
eliminating a temporel bias from thc treatments. Furthermorc,
synchronisation facilitated simplification of trecatment, in that
timc of injection, blood sampling anc slaughter of experimental
units could be carriec out with cfficient utilization of labour and
resources.

Synchronisation was effected by the insertion of intravaginal
pessaries (polyurethanc sponges) impregnated with 40 mg. S§o{~methyl -
17{ - acetoxyprogesteronc (li.4.P. ).* The hormone was cdiffused into
sponges in 3 ml. of 95% cthanol.

3ponges were inserted on 24-5-72 and withdrawn on 7-6-72,

All ewes in the experiment were weighed (straight off pasture)
on the completion of progestagen trcetment anc again just prior to
slaughter (Fig.2-1).

The sheccp werce allocated to trcecatment groups by consulting a
table of random numbers. P.M.S.G.¥¥ was injected subcutaneously at
cose levels of cither 1000 i,su. or 1500 i.u. Ewes on each dose
level were subjected to the following seqguences of injections

(see Fig. 2-3):-

- Upjohn Company

*#¥* Paines and Byrne Ltd.
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DESIGN OF EXPERIMENT TWO
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Treatment 1: Injected at each of three oestrous cycles (cycles 1,2
and 3).
Treatment 2: Two injections (at cycles 1 and 3) separated by o
normal ocstrous cycle,
Treatment 3: Injected &t two successive oestrous cycles
(cycles 2 anc 3).
Trectment 4: Injected at one oestrous cycle only (cycle 3).
The experiment was thus of 4 x 2 factorial design. Nine uninjected,
' synchronised' ewes constituted a refercnce group, cnabling
comparative responses of the treatment to be gueged, Further
reference to the experimental groups will be made using the
following abbreviations:-
L1, L2, L3, L4 refer to animels given 1000 i.u. P.M.S.G. in
sequences outlined in treatmcents 1 to 4 above.
B1, H2, H3, H4 refer to animals given 1500 i.u. P.M.S.G. in
scaquences outlined in treatments 1 to 4 above.
dither 9 or 10 shecp wcre desipneted to each of these groups
at thc beginning of the experiment but 1 death from undctermined
cause (Group H1) and 2 accicdental pregnancies (Group H3) ceused
threc sheep to be excludced from the results. One ovary of a ewe in
Group L3 was lost as reproductive tracts were recovered from animals
being slaughtered at the lccal freezing works and this sheep was
excluded from analysis of ovarian responsc data,
Scquences of injection of P.M.S.G. as described above were

designed to quantitate the ovulation rate of sequentially treated
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cwas (Treatments 1 and 3) comparcd with cwes given 1 injection
(Trcetment 4) or control ewes (uninjected). Treatment 2 was
inclucdcd to investigatc the terminal ovarian response of ewes given
staggered injections. Two dosc levels of PJM.S.G. were given to sce
whether the development of a refractory condition is dependent of
the amount of gonadotrophin administered.

Thc first injections werc made on the day of sponge withdrawel
and subsequent injections werc made on Lay 12 of the oestrous cycle
(Boy ©C taken as thc day of onsct of ocstrus). Becausc of variation
in ocstrous cyclc lengths of individucl cwes, the initisl synchroni-
sation became lcss defined as the experiment proceeded. $wes werce
injocted on Dey 12 of their individual cycles regardless of this.

#ive days after the onsct of thc third oestrus from sponge
withdrawal, the ewes werce blood sempled., Blood semples were taken
from: the juguler vein with 10 ml. Vacutainers® (hcparin coated glass
tubee which cnable sampling Qirect from the vein, by means of a two
wey noodle). The blood was centrifuged znd the collected plasma yeg
deepefrozen for onelysis in Experincnt 2.

J~nimels were sloughtcred 6 days after the onset of oestrus

v}

following their final treatment with P.M.S5.G. Those ewes not showing
oestrus wecre slaughterced on a date derived thus: oestrous cycles
lengths of all ewes on a similar trcatment were averaged and the

ewves having silent oestrus werce slaughtered 6 days after this period

of time had elapscd since their last ocstrus.

¥Biolab,
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Reproductive tracts were recoverced from the slaughtered
cwes ancd data on ovarian responsc (ovarian weight, number of
ovulations,number of follicles greater than 3 mm. and incidence
of cystic of inactive ovaries) were rccorded.
i calendar of cvents of this experiment is given in Fig. 2-5.

Ixperiment 2

Mousc tests ror anti-gonadotrophins in the plasma of cwes from
Experiment 1 were carricd out between December 1972 and February 1973.

finti-gonadotrophins in the plasma of enimals chronically
treated with P.M.S.G. were also detected by this method. ZEight
'cast for age' ewes were injected subcutencously with cither 500 i.u.
or 1000 i.u. P.M.S.G. Half thec ewecs were given their first
injection in Freund's acjuvant (= water in oil cmulsion of the
hormone with heat killed mycobacteris edded; Rees-Midgely, 1969).
Sheep were injected on Monday and Thursday of each week, for
6 weeks (13-11-72 to 22-12-72). Plesma was collected on the Friday
of the final week of treatment.

The Biological Inhibition Tecsts used were similar to the rat
tests used by Cole ct sl. (1957), Pigon et al. (1960), Flux ¢t al.
(1965), and Jainudcen et al. (1966) to detect anti-gonadotrophins.
This test relies on the inhibition of immaturc mouse uterine weight
responsc to injected gonadotrophins by the introduction of antibodies
to that gonadotrophin.

Dectermination of a suitable dosage of P.M.S.G. for stimulation
of uterine weight in immature mice was carried out by means of a

pilot test over a range of cdosc levels (0.2 i.u. to 1.0 i.u. P.M.S8.G.).
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Four shecep from cach treatment group in xperiment 1 were
randomly selected to donate plesma samples for the tests (9 groups,
36 cwes). Plasma of 2 sheep per group was tested in mice injected
with 1 i.u. P.M.S.G. and the plasma of thc other 2 sheep of that
group was tested in mice injected with 0.25 isue P.M.S.G., The
hormonc was given to the mice as e singlc subcutaneous dbse of the
gonadotrophin dissolved in 0,2 ml. of 0.15% saline. 0.25 ml. samples
of plasma from each ewc tosted werc injected (intra-peritoncally)
into the test mice. Five plesma samples from each ewe were injected
into mice given 1 i.u. and five into micc injected with 0.25 i.u.
P.di.S.G. This sampling proccdure is outlined in Fig. 2-4,

Micc were allotted to treetment groups by random numbers. They
vere vweighed eand earmarked before being placed in boxes. .Jach box
hcuscd only one treatment group of 5 mice. «after being injected with
rsM.5.G« and plasma, the mice werc left for 72 hours. After re-
welghing they were killed by cervicel dislocation and the uteri werc
removed. These organs were dissected frec of fat and any adhering
tissuc and then weighed on a torsion balance. ieighing of the animals
before anc¢ after trcatment allowed thc dcectection of any adverse effects
of injcction e.g@. plasme samples may have become conteminated during
storage.

Samples of those sheep chronically treated (i.e. given twice
weekly injections of P.M.S.G.) were tcsted only in mice injected
with 1 i.,u. of gonadotrophin. Procedurc was the same as above
except that all shecp's samples werc tested. Since there were only
two shcep on each trecatment, 8 sample from each sheep permitted 2

replicate tests per ewe treatment group, to be carried out.
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Bxperiment 3

forty shcep were treated at the beginning of the 1973
breeding scason. Intravaginal pessarics of similar preparation
to those used in Experiment 1, were inscrted on 16-2-73 and
withdrawn on 28-2-73. Because cwes had not experienced recent
overt oestrus prior to the progestagen treatment, a 10 mg.
injection of progesteronc dissolved in 1 ml, of peanut oil, was
injected intramuscularly 2 days before sponge withdrawal. It was
hoped such an injection would provide a more effective progesterong
priming of the ewe's capability to display overt oestrus than has
previously been noted in ewes trecated early in the breeding season
(see Cumming, 1965 and Larsen, 1971). On withdrawal of the
pessaries some of thc cewes were suspected to have experienced
s8ilent oestrus. Laparotomy of two such ewes confirmed that they
hacd ovulated.

P.M.S.G. was injected on Day 12 of the cycle following sponge
withdrawal. Subsequent injections wvicre made on either Day 12 or 13
of the cycle.

The cxperimental design is shown in Fig. 2-6. 3Iwes were
decsignated to 4 groups of 10 enimals by random numbers. Group
numbers were later rendered unequal by 1 death and 1 suspected
pregnancy. B8wes were either uninjected (control) or injected
once, twice or thrice (Fig. 2-6) over threc oestrous cycles.

Day 10 of the oestrous cyclc was chosen as a reference point
to monitor ovarian activity. Observation at this point allowecd

measurcment of ovulation rate at the previous oestrus as well as
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enabling asscssment of follicles likely to be stimulated by =&
following injection of gonadotrophin. Treated ewes were cither
laparotomiscd or slaughtered on Day 10 (10 cwes being slaughtered
after the first 2 supcrovulations and the third treatment group
end control being slaughtered after the final superovulation).

Laparotomy was performed under light anacsthesia ("Nembutal"f‘,
on a laparotomy cradle. & ventral incision, slightly off the mid-
line, allowced exposurc of tihie rceproductive tract. Counts of corpore
lutea and follicles worc mace. rollicle sizes wore established by
the use of sterile slide callipers (sce Fig. 2-7) and werc always
madc by thc same pcison. Thac follicles were assigned to threce
groups; 1-3 mm, (small), 3-5 mm. (medium) greater than 5 mm. (large).

Ovaries rccovered from the slaughicred animels were immediately
scored as for loparotomised animals and fixed in 10% buffered
formalin. ..fter fixation (this time was variable depending on the
size of the overics) the ovarics were placed in 50% alcohol for
24 hours and then stored in 70% alcohol. To assess the total
ovarian follicular populetion 211 ovaries were sectioned into 2 mm.
slices. These ovarian slices were surrounded by a thin layer of
paraffin wax to contain the slices in correct scqucence. Such "plates"
of matecrial were immerscd in trays of 707% slcohol. Fig. 2=8 shows
ovaries set in wax beforc being put in alcohol.

Counts of all antral follicles werc made on all ovarien slices.
Addition of the number of follicles in all slices from one ovary
gave an indication of the total follicle population in that ovary.

These counts were made with thc aid of a large magnifying glass.

*Pentobarbitone Sodium (/\bbott Laboratories).



Fig, 2=7:- In vivo mcasurcment of ovarian follicles with
stcecrile slidce callipers

Fig. 2-0:~ 2 mm. ovarian slices scmi-embedded in 70% alcohol



_~mv
&
v
g
e

&)

N

e



37

Ten randomly sclccted 2 mm. slices from ovaries of ewes in
each of the 4 cxperimental groups (right or left ovaries) were
selectoed for histological analysiss isi.fter processing in graded
alcohols and xylenc, these samples were embedded in paraffin wax
and scctioned at 6/&7 The sections werc stained with Haematoxylin
and Zosin, Antral follicles were now able to be assessed for any
signs of atresie or lutecinisation and the percentage of the total
population examined that were atretic, was computed. Gross
mecasurcments were corrected with respect to this figure which was
derived for cach scparate group.

The assessment of follicular population may be summarised thus:-

Number of

surfacc follicles

(3 categories) \\\
4

All ovaries

sliced into 2 mm,

sections \\\
u{

Number of antral follicles/
ovary (cross sectional

obsecrvation) '
4 ~NN
Sample - 10 slices/group Correction factor Average
= proportion of
normal follicles. numbcr of
LAtretic follicles/total follicles/
normal
2 mm, slice (histological
follicles/

measurcments)
ovary (all

ovaries)
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This procedure was not designcd to measurc every follicle in
every ovary. However &n indication of the folliculer population in
ovaries of animals on cach treztmcnt is cttained and some idca of
the degrece of atresia of thesc follicles derived. The limitations
of this method will be discussed in Chaptcr Seven.

Analysis of Datc

finclyscs of discrete datz utiliscd Chi2 or the G statistic
(Sokal and Rolf 1969).,

Overian responsc date from Experiment 1 were from groups of
uncqual size. Howeover, a two woy analysis of variance for uncgquel
sub-classcs was zvcilable on & computer programmc®, and the
experiment wes analysed as for a 2x2 foctorial design. The generel

lincar equation for thec model analysing ovarian response was: -

= + +
Yijk u + ti - dj (td)ij e

ijk
wherec
u = thc overall mean when cqual frequencies exist in cach
subclass
t, = effect of treatment (i = 1,2,3, or 4)
dj = effect of dose (j = 1 or 2)
(td)ij = individual intcrection effcects expressed as

dcviations from mean u.

eijk = error pcculiar to cach yijk

*Courtesy of Prof. R.E. Munford.
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Bartlett's tcst for homogencity of variences was carricd
out on discrete overian responsec dato as a test of nermality of the
data distributions (Snedecor and Cochran, 1957). On the basis of
these tests all discrete data were transformed tovf;:qhbefore any
_tests assuming normelity were corried out.

Comparisons of treatment mcans verc made following analyses
vhicn yielded statistically significant results, Comparisons were
made using the Student-Newman-Keuls tost (Sokal and Rolf 1969),

Mousc uterine weights (Experiment 2) were transformed to
logeritims and analysed by covariancd. Significant treatment

cffects werce further analysed by the Student-Newman-Keuls test.
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Chapter III

SYNCHRCNISLTION AND OESTRCUS

PEENOCMENA

Experiments 1 and 3 yielded date on progestagen synchronisation
of oestrous cycles and oestrous phenomena of subsequent cycles.
Zffcects of repeated P.M.S.G. trecatment of ewes were apperent as well
ag information on thc efficiency of synchronisation by intrevaginal

progestagen administration.

Factors Affccting the Onscet of Oestrus

following Progestagen Sponge Withdrawal

1. P.M.S.G. administration

Immediately following the cessation of progestagen treatment
of cwes in Experiment 1, somc shecp were given P.M.S.G. This dic
not significantly affect the time interval from sponge withdrawal to
the onset of oestrus (Teble 3-1). Distributions of the onsect of
oestrus in ewes either given, or not given P.M.S.G. arc shown in
Fig. 3-1.

The number of ewes showing overt ocstrus immediately following
sponge withdrewal was not affected by the administration of F.M.S.G.
(Table 3-3).

2, Injection of Progestcrone.

Synchronisation of ewcs given a progesterone injection 2 deys
beforc sponge withdrawal (Experiment 3) is compared with that of
cwes given only M.AJP. (Tables 3-2 and 3-4 and Fig. 3-2)., Therc is
a tcmporal bias in this comparison as the two differcent trcatments

wvere carried out at different times of the year and in differcnt



TABLE 3-1

AFFECT OF P.M.S.G. ADMINISTRATION ON THE TIME INTERVAL BETWESEN

PROGESTAGEN SPONGE WITHDRAW/LL JIMD THE ONSET OF OESTRUS

Trecatment Number of ZIwes in Oestrus Total
Days from Spongc ithdrawal Nunber
of Ewos
Day 2 Day 3 Day 4 Day 5
Progestagen 16(47.0%)A 9(26.5%) 8(23.5%) 1(3.0%) 34
and P.M.S.G.
Progestagen  13(37.2%) 15(42.8%) 7(20.0%) O 35
{ilone
Total 29 24 15 1 69
G = 3.264 -~ Not Significant
TABLE 3~2

IFFECT OF /. PROGESTZRONI INJECTION ON THE TIME INTERVAL BETWESHN

PROGESTLGEN SPONGE WITHDR/,.VAL /ND THE ONSET OF OESTRUS

Treatmaent Number of Ewes in Oestrus Total

Days from Sponge '/ithdrawal Number
of Ewes
Day 2 Day 3 Day 4

M.A.P, Llone 13(37.2%) 15(42.8%) 7(20.0%) 35

(Expt 1)

M.A.P. and 20(66.7%) 9(30.0%) 1(3.3%) 30

Progesterone

(Zxpt 4)

Total 33 24 8 65

G = 7,76 - PO0.05

A. () Percentagc of Ewes coming into oestrus that were in oestrus

on the day 1

ndicated.



T4BLE 3-3

S7FEZCT OF P.M.S.G. A4DMINISTR.TION ON THE OCCURRENCE

OF OZSTRUS FOLLOWING PROG&STAGEN TRALTMENT

Trcatment Numbecr of Number of Total % of Bwes
Zwes Showing Ewes Showing Number Showing
Overt Oestrus Silcnt Oestrus of Ewes Overt Oestrus
Progestagen 34 3 37 91.9
and P. R’ItSoG- o
Progestagen 35 8 43 81.4
llone
Total 69 11 80

CH12 = 1,068 - Not Significant

T/(BLE 3-4

IFFECT OF [ PROGESTIRONE INJEZCTICH ON THE OCCURRENCE

OF O3ZSTRUS FOLLOWING PROGEST..GEi! SPONGEZ TREATHMENT

Treatment Number of Number of Total % of Ewes
Ewes Showing  3wes Showing Number Showing
Overt Ocstrus Silent Oestrus of Gwes Overt Ocstrus

M.l P, 35 8 43 81.4
Alone

M. P. and 30 10 40 75.0
Progestcrone

Total 65 18 83

CH12 = 0,193 - Not Significant



FIGURE 3-1:—

DISTRIBUTION OF ONSET OF OESTRUS FOLLOWING SPONGE WITHDRAWAL : EXPERIMENT ONE

A. Progestagen alone

20
B. Progestagen and P.M.S.G.

NUMBER OF EWES IN OESTRUS

30
C. All ewes

20

10

2 3 4 5

DAYS AFTER SPONGE WITHDRAWAL



FIGURE 3-2:—

THE EFFECT OF A PROGESTERONE INJECTION ON THE ONSET OF OESTRUS OF EWES
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breceding scasons. Scasonal variation in cwe response to
progestcronc is known to occur (Lamond 1964c). For this reason,
thc comparison is not strictly valid but is drawn bccausc of
indications that supplcmentation of M...F. treatmcnt with
progcsterone may be effective in producing a2 morc defined
synchronisation.

Progcsterone supplementation of M.A.P. treatment caused cwes
to come into heat over a shorter time than if M.A.P. was given alone.
The distributions of the onsct of oestrus were significantly
(PL 0.05) differont for these two groups (Table 3-2 and Fig. 3-2).
Of those ewes showing oestrus, C0.0% werc in oestrus over a 2 day
period with M.4A.P. alonc compered with 96.7% when M./..F. was
supplemented with a progesterone injection (Table 3-2).

Supplcmentation of progestagen sponge treatment cdid not
significaently reduce the proportion of ewes showing silent heats
(Table 3-4).

Effect of Sequential F.M.S.G. Treatment on Synchronisation

of Cestrous Cycles Subsequent to Progestagen Treatment

1, Variation in the Time of Onset of Oestrus

Treatments in Experiment 1 had a significant effecct on the time
of onset of ocstrus, one oestrous cycle after sponge witiadrewal
(P<0.005). Treatments 1 and 2 caused a greater dispersion in the time
period in which ewes came into oestrus than did Treetments 3 and 4
(Table 3-5 and Fig. 3-3). This trend was also apparent two cycles
from sponge withdrawal (Teble 3-6 and Fig. 3-4), but was less

merked (P<£0,01).



T/.BLE 3f5

TRILTHMENT IFFICTS ON THE SYNCHRONMISATICHN OF CESTRUS,

ONE O=STROUS CYCLE FRCH PROGIST..GEN TRE,LTHMINT: - EXPERIMENT 1

Trcatment Dosc Days from the first display of Uestrus Total
(F.M.5.G.) Humber
Of Iwvcs
(0] 1 2 3 4 - 10

1 L 3 2 2 (0] 3 10
H 2 2 1 (0] 4 9
Total S 4 8 (0] 7 19
2 L (0] 1 K] 1 1 9
H 1 1 8 2 2 9
Totel 1 2 9 3 3 13
3 L (0] 4 3 2 (0] 9
H 1 3 3 (0] (0] 7
Total i 7 6 2 0 16
4 L 1 1 5 2 (0] 9
H 0 1 6 2 (0] 9
Total il 2 11 4 (0] 18
Total & 15 29 9 10 71

Test of Independence: G Statistic

D.F. G gigpificance
Trcatment x Dose x Distribution 31 43.238 P <0.05
Treatment x Distribution 12 35,318 P «€0.005
Dosc x Distribution 4 0.038 Not
Significant

Trcatment x Dose x Distribution Interaction 12 8.848 HNot
Significant




TiBLE 3-6

TRILTVMENT EFFESCTS ON THE SYNCHRONISLTICN OF OESTRUS,

T/0_OiSTROUS CYCLES FROM PROGEST.GEN TRETMENT: ~ IIXPERIMENT 1

Trecatment Dose Days from the first display of Ocstrus Total

(P.M.S.G.) Number
of Ewes
o -7 8 9 10 11 - 16

1 L 3 3 (0] (0] 2 8
H (0] 3 o o 5 8
Total 3 6 (0] (0) 7 16
2 L (0] 2 2 2 2 8
H (0] 4 (0] 2 2 8
Total (0) 8 2 4 4 16
3 L (0] 4 2 (0] 1 7
H (0] 2 3 (0] (0] b}
Total (0] 6 5 o 1 12
4 L (0] 2 4 2 1! 9
H (0] b} (0] 1 1 7
Total (0] i/ 4 3 1 16
Total 3 25 11 7 14 70

Test of Independence: G Statistic

D.F. G Significance

Treatment x Dose x Distribution Indcpendence 31 56.526 r<o0.01

Treatment x Distribution 12 35.608 P<0.01
Jose x Distribution 4 0.322 Not
Significent

Treatment x Dose x Distribution x Interaction 12 6.346 Not
Significant
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The cffect of doses of P.ii.S.G. on the temporal distribution
of onscet of ocstrus was not significant at either of the two periods.
Table 3-7 gives thc resultc of sequcntially treated, laparoto-
mised ewes (Experiment 3). Uninjected cwes still came into heat
over a 4 day period wihecreas trcated ewes were dispersed over C days.

Laparotomy did not appear to affcect the time of onset of oestrus.

2. Manifestation of Ocstrus

£11 ewes in Experiment 1 displayed overt oestrus at the sccond
oestrous period from sponge withdrawal. 4t the final observation,
morc intensive P.M.S.G. trcatmcnts (Trcatments 1 and 3) caused a non-
significantly greater number of ewes to expericence silent oestrus

(Tsble 3-8).

Data from Ixperimcnt 4 (Table 3-9) showed that increasing
numbers of sequential F.iM.S.Ge treatmcnitse cnhanced the incidence of
silent oestrus (#<€0.05). This effect docs not appecr to have been
duc to the number of laparotomies as control ewes which vere
laparotomiscd thrcece times, continued to exhibit overt oestrus.

CILiTE SUMM/LRY

1, .,dministration of P.i.S.G. immediatcly following sponge with-
drawal had 1little effcct on ocstrous bechaviour at the first

subscquent oestrous period.

2, An intramuscular injectior of 10 mg. progesterone, 2 days before
sponge withdrawal, may cause morc cffcctive synchronisation but
probably does not decrcasc the number of ewes showing silent oestrus.
These results arc not conclusive for want of appropriatc control

animals.

3. Qestrous cycles of ewcs given progestagen via the intravaginal
route may remain effectively synchronised for 3-4 cycles. This

effect is disrupted by thc administration of P.M.S.G.



TABLE 3-7

TRE,.THMENT ZFFECTS ON THE MANIFEST..TIOM OF ORESTRUS:- EXPERIMENT 1

Trcatment Dosc Number oi Number of Total Number
(P.M.S.G.) Ewes feving Ewes Having of Ewes
Overt Ocestrus S5ilent Oestrus
1 L 8 2] 10
H 8 1 9
Total 156 3 19
2 L 8 1 9
H 8 1 9
Total 16 2 18
3 L 7 2 9
H 5 2 7
Total 12 4 16
4 L 9 (o] 9
H 7 2 9
Total 16 2 18
Total 60 11 71

G = 11,110 - Not Significant



ESFFECT OF SEQUENTIAL F.M.S.G.

TABLE 3-8

TREATMENT ON

MANIFISTLTICN OF GESTRUS

Treatment  Number of Mumber of Total Number % Ewes
Zwes Showing Zwes Showing of Ewes Showing
Overt Oestrus Silent Oestrus Overt
Ocstrus
i onkidy 10 0 10 100.0
at 1 cycle
Injection 3 2 10 80,0
at 2 cycles
Injection -
9 3 9 66.7
at 3 cycles
Uninjected ‘
9 100.0
Control o g
Total 33 S 38

G = 8,128 P<0,05
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Chapter 1IV

CVARIAN RESFCOCNS S T C P.M.S.G.

I N SEQUENTIALLY TREATED EIWES

This chapter reports ovarian rcsponse data of ewcs in
Ixperiment 1. Some ovulation date from Experiment 3 is elso
includcd., Cbservations of ovaries from sheep in Experiment 1 werc
mede ot the end of thc experiment and arc thus 'terminzl' rcesponscs
of ewes to the trcatments imposed. The ovaries of sheep in
FExperiment 3 were observed at a series of laparotomics and
post-mortecm.

Results arc prescented es transformed data and raw data are
given in /lppendix 1.

Transformation of Discrete Data

Bartlett's tests on ovulatory data (number of corpora lutca)
revealed that variances of the § treatment groups were heterogencous
(Appendix 2). The most suitable transformation for data involving
counts and zero valucs isvx + 1 (Sokal and Rolf 1969). Aifter this
transformation had been applied to the number of corpora lutca per
ewe, Bartlett's test showed that heterogencity had been reduced but
variances just failed to attain homogencity for this variable, &s
this transformation was considcred the most likely to produce
homogeneity, no other transformations were tested. In the light of
.the marked reduction in heterogeneity attained, all discrete data
were transformed tovx 4+ 1 for analysis of variance., For ease of

computation, the transformed data were increased by a factor of 10,
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EABLE 4-1

e

SFFECT OF SEQUINTIAL P.M.S.G. TRALTMENT OF THE

NUMBZEGR OF BuE5 OVULATING

Hhe Bxperiment 1

Treatment Dosc Total Number of Zwes Number of Ewes Ovulating
3! L 10 4
S 6
Total 19 13
2 9 9
9 8
Total 13 1.
3 L 8 )
I 7 2
Total 15 7
4 9 8
9 9
Totzal 13 17
Grand Total 70 54

Test of Independecnce: G Sitntistic

Significance

Zwes Ovulating x Treatment x Dosc Indepcndence P<0.05
3wes Cvuleting x Treatment P 0.01
Swes Ovulating x Dosc N.S.
Zwes Ovulating x Treatment x Dosc Intceraction N.S.
B, Axperiment 3
3we Treatment Total Number of ZIwes Number of Zwes

Ovulating
1 (3 injecctions) 9 7
2 (2 injections) 20 18
3 (1 injection) 30 30

G = 6,716 P<0.05
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Swes Ovulating

The prescnce of 2 corpus lutcum was taken as denoting that
ovulation had occurred.‘ Tablc 4-1la shows that treatments of
@xperiment 1 significantly (P <0.01) affected the numbers of ewes
ovulating. Fewer cwes ovulated when given sequentisl treatmeants
with P.M.S.G. (Treatments 1 and 3) than when given a single injcction
(Trecatment 4) or steggered injections (Treatment 2). The effects of
dose and dose x treatment interaction were not significont. These
results are displayed in Fig. 4-1,

In Experiment 3, incrcesing numbers of sequential treatments
v7ith P.K.S.G. increased the proportion of ewes which were anovular
(r<€0.05). The effcct is partly masked (Table 4-1b) because fower
ewes were observed as the number of injections increaseds Furthermore,
the stress of laparotomy may have enhanced the anovular condition in
these cwes.

Incidence of Cystic Cvarics

Trecatment, dose ancd treatment x dosc interaction haed no ceffect
cn the proportion of ewes in Zxperiment 1 which developed cystic
ovaries (Table 4-2). Bwes heving cystic ovarics werc only seen in
Treatments 1 and 3 (scguential treatments with P.M.S.G.). The

cystic concition evident in 2 cwec on Treatment H3 is seen in Fig.4-2,

Ovulation rate

1. Corpora Lutea : ill ewcs (Experiment 1)

Ovulation ratc was determined by counting the number of corpora
lutea per cwe. Treatments of Experiment 1 significantly affected

(P €0.05): the number of corpore lutea per ewe that werc observed at



Fig. 4-2:~ Cystic condition of the ovary (this overy bsaloen
from a ewe on Trt. H3, BExpt. 1)






TLBLZ 4-2

EFFICT OF SEQUENTIAL P.,M.S.G. TRI.LTMINT ON

THE

INCIDENCE OF CYSTIC OV.RIZES

Treatment Dos¢ Total Number of iwes Number of 3wes with
Cystic Overics

1 L 10 1
H 9 (0]
Total 19 1
2 L 9 1
H 9 (0]
Total 18 1
3 L 8 1
H 7 2
Total 15 3
4 L 9 (0]
H 9 (0]
Total 18 o
Grand Total 70 S
Test of Independence: G Stetistic
Significance
Cystic Condition x Trcetment x Dose Indcpendence N.S.
Cystic Condition x Treatment N.S3.
Cystic Condition x Dosec N.S.
Cystic Condition x Trcatment x Dose Interaction N.S.
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slaughter (Tzblc 4-3). Zffccts of dose level and dose x treatment
intceraction werc not significant. Raw data is plotted in Fig. 4-3
and Fig. 4-4 presents thce same cdata after transformation.

Comparison of trcatment mcans, by the Student-Newman-Kculs
test, is outlincd in Jppendix 3. Trcecatment 1 caused significently
lower tcrminal ovuletion rcotes than Treatments 2 (P<£ 0.01) and
4 (P£0,01), Treatment 4 produced significantly greater teruinal
ovulation rates than Treatment 3 (F<0.05) (Table 4-5). Differencces
in all other treatment comparisons were not significant,

2, Corpora Lutea : Iwves ovulating (Experiment 1)

Consideration of thc ovulation rates of those cwes ovulating
(Table 4-4) recvealed that treatment effects remained significant
(PL0,05). Treatments 2,3 and 4 causcd significantly greater
terminal ovulation rates per ewes ovulating than Treatment 1.
(¢<0.05, £FX0.01 an¢ P<0.05 respectively) (Table 4-6). Data from
these ewes arc presented in Fig. 4-9 and Fig. 4-10,

3. Corpora Lutea : ill ewes (Experiment 3)

Table 4-7 and Fig. 4-17 display data of ewes given 1,2 or 3
sequential injections of P.M.S.G., comparecd with control animals.
iHfter one stimulation, the trcated ewes hacd significantly gre&ater
(< 0.001) ovulation rates than the control animals. Ovulation
rates of ewes treated 2 or 3 times with P.M.S.G, did not differ

from those of control animals observed at the same time.



FIGURE 4-3:—

EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON EWE OVULATION RATE : RAW DATA
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T;.BLS 4-3

OV..RI4AN RESPONSE : ALL EVES

ostimated Means and Standard Zrrors

Variable Means Standard Errors
DOSE TREATMENT
Low High 1 2 3 4
Corpora Lutea 21,56 21,07 14.61 26.43 13.41 25.81

(transformed counts) +1,74 £1,79 *2.40 *2.47 *2.70 X2.47
Corpora Luteca + 26.66 31,53 22,75 28,77 33. 26 31.58
Follicles > 3mm. #1.65 +1.70 *2.28 +2.33 +1.81 22.33
(transformed counts)

Ovarian weight 7,35 9,63 5.87 6. 69 11.09 10,31

(Gms. ) 41,17 *1.20 *1.61 %1.65 *2.56 *1.65

Analysis of Variancc

Sourcc of D.F. Mcan Squares
Variction
Corpora Corpora Lutea + Ovarian
Lutea Follicles > 3mm. weight
Dose 1 4.14 410,58 ** 90.04
Trcatment 3 603,97 ¥* 376.81 % 115,43
Dosc x treatment 3 143,838 111,50 55.81
Residual 62 109.43 93. 36 49,28
* pP<£0,05

¥* p<C0.01



T/.BLZ 4-4

OVARIAN RZISPONSZ : EUVES OVULLTING

Estimated Mcans and Standard Errors

Variable Mcans and Standard Errors
DOSE TREATMENT
Low High 1 2 3 4
Corpora Luteca 24.18 25.70 16.89 27 .45 28,98 26.69

(trensformed counts) +#1.93 42,08 #2.89 #2.52 #3.93 42,52

Corpora Lutea + 27.37 30.85 19.97 29.98 34.23 32,32
follicles D 3mm. +1,82 #1.95 2,2.72 2,30 +3.70 .38

(transformed counts)
Ovarian weight 7.37 11.68 4,60 6.97 13.51 10.73

(Gms. ) 3,28 #1,30 +1,93 1,68 2,62 *1.68

hnelysis of Variance

Source of D.F, Mean Squares
Variation
Corpora Corpora Luteca + Ovarian
Luteca Follicles J3mm. weight
Dose 1 4,25 200.43 200.96 *
Treatment 3 359,67 * 516,53 ¥# 216,32 ¥#
Treatment x dose 3 54.21 65.18 71,89
Residual 46 108,54 96,25 48.04
* P<O0.05

*% F< 0,01



4-5

T..BLE

o
COMPARISON OF MEANS : OVARILLN RISPONSE OF 4LL EWES (EXPERIMENT 1)

Comparison of Treatments

Difference of means

Corpora Corpora Lutea + Ovarian
Lutca Follicles » 3mm. Weight

TRT 1 vs TRT 2 11.82 ## 6.02 0.82

"1 vs " 3 3.80 10.51 * 5,21

"1 ovs " g 11.02 ®% 8.33 % 4.43

"2 vs " 3 3.02 4.48 4.38

"2 vs " 4 0.62 2.01 3.61

"2 vs " 4 7.39 ¥ 1.67 0.77
Low dosc vs High dosc 0.43 4,06 %

T..BLZ 4-C

COMP/{.1ISON OF MEANSA :

QV..RI..N Z3ZSPONSZ OF EVES OVUL.TING

(EXPERIMENT 1)

Comparison of Treatments

Difference of mcans

Corpora Corpora Lutea+ Ovarian
Lutca Follicles 2 3mm. Weight
TRT 1 vs TaT 2 10.55 * 10.00 2.18
"1 vs " 3 12,00 ** 14.26 ** 8.90 *%
"1 vs " a4 10.55 * 12.34 ** 6.12 *
" o "5 0.76 4,25 ¥* 6.54 *
"2 vws " 4 1.54 2.34 3.76
"3 vs " 4 2.21 1.91 2.77
Low dosce vs High dosc 1,61 3.46 4,31 %

* p<0,05
*3 p<0.01

A - Student-Newman-Keuls Test

B - Difference in Transformed Means



TABLE 4-7

EFFESCT OF SZUSNTIAL P.M.S.G. TRELTMENT, COPARED WITH

UNTR&ATED BWE3 : CORPORA LUTE/L (TRU.NSFORMED DATA)A

OSSERVATION MEAN NUMBER OF CORPOR: LUTEA LNALYSIS OF V/.RILNCE
STD. EREOR (/X + 1)
P.M.5.G, TIILTED" conTROL® MEAN SGUARZES F
D Rl
1 25.90 (30) 14.45 (10) Between = 981,97 19.83
+1.28 +2.22 ¥ithin = 49.50
2 16.41 (20) 13,59 (9) Between = 50.07 2,07
+1.09 *1.63 Within = 24.16
3 13.57 (9) 16.44 (9) Between = 37.13 1.93
t1.46 %1.46 Within = 19,19

T/LBLE 4-8

EFFECT OF SZEQUENTI..L P.M.S.G. TRZATMSNT COMP..RED WITH UNTRE.LTED EVES ©

A

CORPOR/. LUTE.,. PLUS FOLLICLES GRZATER TH/.N 1 nm., (TRANSFORMED DATA)“

OBSZRV/.TION MEAN NUMBER OF CORPO:/ LUTE,i+  ANALYSIS OF V/..RI/NCZ
FOLLICLES 1 mm. + STD. SRROR /X+1)
P.M.S.G. TREATEDB CONTROLC ME/N SQUARES F

D

1 43.38 (30) 39.25 (10) Between = 127.92 1,17
+1,90 +3.29 'ithin = 108.73

2 35.17 (20) 32,03 (9) Between = 60.89 0.74
+2.02 +3.02 Within = 82.26

3 32,03 (9) 37.17 (9) Betwecen = 118,69 1.24
#3.25 +3.25 Within = 95.23

A - Bxperiment 3 data

B - Trcated once, twice or three times respectively with P.M.S.G.
before observations onc, two and three.

C - The same animals laparotomiscd twice and then killed.
D - () Number of ecwes/treatment group.

*3* p ¢ 0,001



Fig., 4-5:-= Superovulated ovarics taken from a ewe given one
injection of P.M.S.G. (Trt. H4, 3Ixpt. 1). 36 ovulations.

Fig., 4-6:~ 1Inactive ovariecs of & ewe in Treatment E1l (Expt. 1).
Corpora clbicans denote response to previous
gonadotrophic stimulation.






Fig. 4-7 Ovaries observed at Day 10 of the oestrous cycle.
Ewe 6 - control, ewe 22 - superovulated.

Fig. 4-8 Ovarizcn slices showing luteinisation of follicles.
No.12 - non-ovulatory. No's 18 and 23 contain
corpora lutea.
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Examples of superovulated ovaries from ewes in Experiment 1
(taken 6 days after the onset of oestrus) are shown in Fig. 4-5 and
4-6. Ovaries of ewes in Experiment 3 (10 days after the onset of
ocstrus) are scen in Fig, 4-7. The cross sections seen in Fig. 4-8
are through luteinised follicles. At Dey 10 of the oestrous cycle,
luteinisca follicles may resemble corpora lutea but the two are

distinguished by the prcsence or absence of an ovulation point.

Corpora Lutca plus follicles

1, Corpora Lutea + follicles grcater than 3 mm. : All ewes
(Experiment 1)

Both treatment and dose Lcd significant effects (P< 0.05 and
P €0.01 respectively) on this measurement (Table 4-3). Intcraction
between the two main cffeccts was not significant. The number of
corpora lutes + follicles > 3 mm. of cwes on Trestment 1 wes
significantly lower than cwes on Treatments 3 (P<0.05) and 4
(P<0,05). The high dose of P.r.S.G. (1500 i.u.) ceused a
significantly grcater response (P<0.01) than did the low dose
(1000 i.u.)

These data are plotted in Fig. 4-11 and 4-12.

2. Corpora Luteca + folliclcs greater than 3 mm. : Ewes ovulating
(Experiment 1)

When data from ovulating cwes only are analysed (Table 4-4),
treatment and dose effects remain significant (P<0,05 and P<0.01,
respectively). Treatments 2,3 and 4 produce significantly greater
response in this measurement than Treatment 1 (P<0.01) (Table 4-6

and Figs. 4-13 and 4-14).

3. Corpora Luteca + follicles greater than 1 mm. : All cwes
(Experiment 3)

Ewes trcated once, twice or three times with P.M,S.G. do not



FIGURE 4-9:—
EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON OVULATION RATE
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EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON OVULATION RATE OF
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NUMBER OF CORPORA LUTEA PLUS

NUMBER OF CORPORA LUTEA PLUS FOLLICLES

FIGURE 4—-11:—

EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON THE NUMBER OF CORPORA LUTEA
PLUS FOLLICLES GREATER THAN 3 mm. IN ALL EWES : RAW DATA
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NUMBER OF CORPORA LUTEA PLUS
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FIGURE 4-13:—

EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON THE NUMBER OF CORPORA LUTEA
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FIGURE 4-14:—

EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON THE NUMBER OF CORPORA LUTEA
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FIGURE 4-15:—
EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON EWE OVARIAN WEIGHT : ALL EWES
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FIGURE 4-16:—
EFFECT OF SEQUENTIAL P.M.S.G. TREATMENT ON EWE OVARIAN WEIGHT : EWES OVULATING
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NUMBER OF CORPORA LUTEA

FIGURE 4-17:—
COMPARISON OF EWES SEQUENTIALLY TREATED WITH P.M.S.G. AND
CONTROL EWES : OVULATION RATE
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significantly differ from control animals in the¢ number of corpora
lutea + follicles > 1 mm. Thesec data are presented in Teble 4-8 and
Fig. 4-18.

Overian Weight

1. Ovarian weight : All cwes (Experiment 1)

Treatments of Experiment 1 exerted no significant effects on
ovarian weights (Table 4-3). Dosc cffects and dose x trecatments
interaction were also not significant.

2. Ovarian weight : Ewes ovulating (Experiment 1)

By ncglecting non-ovulating ewes, significant trcatment
(P<0.01) and dose (PL0.05) effects were revealed in the snalysis
of ovaricn weights. &Ewes of Trecatment 1 had lower ovarian weights
than ewes of Treatments 3 (P<0.01) and 4 (P<0.05). Treatment 3
produced greater ovarian weights than Treatment 2 (P £0.05) and
the high dosce of P.M.S.G. increased ovarian weight more than the
low dose. Mean ovarian weights of the treatment groups are shown in ‘
Fig. 4-16.

3. Dependence of Ovarian Weight on Ovarian Activity

Regression analysis on all ewcs in Experiment 1 (Table 4-9a)
showed that ovarian weight was significantly affected by thc number
of corpora lutea (P<€0,001) and even morc so by the number of corpora
lutca + follicles? 3 mm. (P<0.001) The regression analysis
presented in this tablc is for an overall relationship. The
individual regression coefficients for cach treatment group are

given in Table 4-Sb,
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There was no significant relationship between ovarian weight
and the number of corpora lutea, or the number of corpora lutca +
follicles >3 mm., in the control animals. Large positive
regression relationships were secen between ovarian weight and
number of corpora lutce eand between ovarian weight and number of
corpora luteca + follicles? 3 mm., in ewes trecated once. These
counnteracted thc small, and negative regressions of other single
group relationships to produce the overall regression relationship
seccen in Table 4-9e.

BEwe ovarian weight was not significantly affected by the
number of corpora lutee present when ewes werc given threc
sequential injections but if follicle counts were also considered a

significant positivec regression was obtained.

Difference in Ovulation Rotc between the Right and Left Ovaries

Ewes of Experiment i ovulated more often on the lcft ovarices
(185 corpora lutea) than on thc right ovaries (163 C.L.)
(Chiz = 1,267,N.S.). This trend was reversed when ewes of
Zxperiment 3 werce considered. In these latter ewes the totel
number of corpora lutea observed on the right ovaries was 147, the
left ovaries having 135 (Chi2 = 0.4290,N.S.). As ncither of thesec
trends were statistically significant, there is no evidence that

the right ovary is more active than the left,



T/BLZ 4-9
RELLTIONSHIP BETYESN OVLRILN WEIGIT /AND OVARIAN LCTIVITY

REGLESSION /[ NALYSIS

A. Overcll Regressions

NZLATIOMSHIP TESTED

REGRESSION ALHN/.LYSIS

DZFENDENT INDEFENDENT  D.F.  [&GRH. STD. .
ViRI.BLS V/.RI/.BLE COZFF, BRROR T P
Ovearian iit, Corpora Lutca 39 0, 3952 0.0623 6.3¢ P<0,001
" Corpora Lutca + 69  0,4793 0.0623 7.69 P<0.001
Follicles)3mm,
B.Group degressions
RELATIONSHIPS TESTED REGRESSION ,.NALYSIS
DEPENDENT INDEPENDENT GROUP D.F. 1%EGR. STD.
VLRILBLE  VARL.BLE ~ COEFF.  ZHROR T p
OVARL/.N WT. Corpora k2 8  0.0401 0.2541 0.1598 N,S.
" Lutea L2 7 0.2679 0.1091 2.0456 N.S.
i ¥ L3 6  0.2381 0.0672 4.2823 P <0.01
" " L4 7  0.7612 0.2558 3.0539 P{0.01
" " H1 7  0.0235 0.2255 0.1055 N.S.
" u H2 7  0.3002 0.0509 6.0550 P<0.001
" 4 H3 5  0.1213 0.4959 0.2448 N,8.
" " H4 7  0.6037 0.1055 5.7213 P<0,001
" " cc 7 -0.,4403 ©0.3015 1.4868 N.S.
" corpora Lutee L1 o 0.6103 0,1765 3.4597 P<0.01
" 4+ Follicles >3mm L2 ] 0.2556 0.0963 2.6542 P<0.05
¥ L L3 6 0.3247 0.1085 3,0055 P 0.05
" " L4 7  0.6539 0.1997 3,2744 P{O0.05
" " H1 7  0.1591 0,0488 3.2603 P<0.05
" " H2 7 0.3097 0.0624 4.9631 P €0.01
" " H3 5 0.4090 0.9584 0.4267 N.S.
" " H4 7 047783 0.0755 10.3986 P ¢0.001
" " cc 7 -0.1758 0.1100 1.4898 N.8.

& = T Test based on Null Hypothesis; Testing whether regression slope

differs significantly from zero.



TABLE 4~-10

OVUL/.TION R.TE CF UNTRE/TED ZiiS : IFFECT OF SEa30M

Number of Ovulations/Ewc

B
OBSERVALTICN
ONZ (IO)C TVO (9) THREE (9)

Mumbcr of Zwes heving O C.L. 0 2 (0]
¥ E K ' 1 " ! 6 3
" "o " g 1 1 4
" o " 3 " 0 0 )

Means end Standard Zrrors

MEAN & STD. SRROR
OBSELV/ATION

ONZE (10) O (9) THREE (9)
Numbcr of Corporc Lutea 14,45 13.57 16.85
(Trensformed Counts) +0.61 *0.64 +0.64
L.nalysis of Variance
SOURCE OF V..II.LTION D.F. M=/.N S2:U/.RES F
Between Obscrvation 2 26.06 6.90 #%¥
srror 25 3.73
Comparison of Means
COMP/.iISON OF MTANS SIGNIFICANCE
OBS 3 vs OBS 2 P 0,001
3vs 0851 PL0.001
2vs OBsS 1 N.S.

A - Bwes of Experiment 3

B - Observations 1,2 and 3 rcspectively related to the 2nd, 3rd and
4th oestrous cycles of the brecding sceson.

C - () Number/Group

#¥% P 0,001
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Ovulation Rate of Control Ewes (Experiment 3) : Zffcct of

Season

Teble 4-10 shows that the ovulation rate of untrcated ewes in
Zxperiment 3 was significantly affected by the stage of the
breeding secason. These ewes werc observed to have significantly
nore corpora lutea on their ovarices at the fourth oestrus of the
brceding season than at the second. This effect was partly due to
the animals having more twin ancd triple ovulations at the fourth
oestrus than at the sccond ancd third.

CH/.PTER SUMMALRY

1, Scquential treatment with P.M.S.G. significantly decreases the
proportion of ewes ovulating and the ovulatory response to the
hormone. Ovulation rate per cwe is reduced by successive treatment
wvhether onc considers all ewes or only thosc cwes ovulating.

2. Thc number of corpora lutee + follicles ”? 3 mm. is decreased by
secquential trestment but this effect is not apparcnt if corpora luteca
+ follicles)» 1 mm. are countcd.

3. Differences between ovarian weights of cwes treated up to three
times with P.M.S.G. are only detected by elimination of anovular
ewes from the analysis. Ovarian weight is highly correlated to the
number of corpora lutea prescnt vien ewes have been superovulated
once with P.M.S.G. This rclationship lessens with sequential treat-
ment but if corpora lutea + follicles are counted high corrclations
with ovarian weight are maintained. The relationship between
corpora lutea and ovarian weight of control ewes is not significant.
4. There is no evidence to suggest that the right ovary is more
active than the left.

5. In untreated ewes, a significant increase in ovulation rate may

be seen at thc beginning of the breeding season.
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Chapter V

DETECTION OF ANTI-GONADOTROPHTINS

Results presented in this chapter involve tests on plesma of
sheep from Experiment i, whosc ovarian data were given in

Chapter 1V.

Inmaturc Mousec Uterine Veight Response to P.M.S.G.

Fig. 5-1 shows the P.lM.5.G. dosc-uterine weight responsc
curve for immaturc mice injected with 0.1 - 1.0 i.u. P.M.S.G.
Lincar increases in uterine weight with log-increments in dose
wcre scen between O.1 i.u. and 0.8 i.u. P.M.3.G. (Fig. 5-2). The
linecar increascec did not continue above this dosage and 1 i.u. was
scen to be slightly supra-optimal for stimulating increascd
utcrine weight.

Doses chosen for the anti-gonadotrophin tests were 0.25 i.u.
and 1.0 i.u. F.M.S.Gs The lower dose was selected to be mid-way
in the log phase of the curve in Fig. 5-2 (where linear increases in
response were seen with log-increases in dose). It was thus in the
most sensitive region and ablec to detect small changes in uterine
weight, which could be duc to antibody inhibition of response. The
higher dose, being supra~optimal, would only be countcracted by

large amounts of anti-F.k.S5.G.

Test for Anti-gonadotrophins in the Plasma of Ewes of Sxperiment 1

Fig. 5-3 gives the raw means (untransformed) for the uterine
weights of mice given P.M.S.G. alone and P.M.S.G. plus plasma from
sheep of Experiment 1 and chronically treated ewes. Fig. 5-4
presents the same dats after logarithmic transformation. {inalysis

was performed on the transformed data, using mouse body weight at
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slaughter as a covaricte. The usc of this covariate reduced

the crror mean square of utcrine weight by 9.77%, compared with
the error mean square of analysis of variance. adjusted meens and
stenderd crrors of mecan uterine weight for ecach treatment group in
Fig., 5-3 and 5-4 are given in 4Appendix 4,

Sub-cutancous injection of P.,M.3.G. led to significent
(»<0,01) increascs in mousc utcrine weights over control animals.
1.0 i.u. gave significantly greater increases than did 0.25 i.u.
(2<0.05). Responscs of the micc on the two dose levels were not
significantly eltcred by tiwe injection of 0.25 ml, plasma from ewcs

of Expcriment 1. Thesc results are summarised in Table 5-1,

Test for {inti-gonadotrophins in thc plasma of Ewes Chronically

Trecated with P, M.S.G.

Plasme from cwes chronically treated with F.M.3.G. for
6 wecks inhibited mousc uterine weight responsce to 1.0 i.u. of the
same hormone (Fig. 5-3 znd 5-4). The inhibition was not
statistically significant when the plasma of ewes given 1000 i.u.
P.K.S.G. (twice weckly), was given to the mice. However, the
plasma of ewes given 500 i.,u. P.M.S.G. under the same regimec did
inhibit the mouse response to 1,0 i.u. P.M.S.G,

If ewes were given their first injection of P.M.S.G. in
Freund's adjuvant, their plasma was ablc to producc significant
(P<0,01) inhibition of mouse utcrine weight response to the
gonadotrophin.

¥hether or not Frcund's adjuvant was given, the plasma of cwes
given 500 i,u. P.M.S.G. causcd greater inhibition (not significant)
of mouse uterine weight response than did plasma of ewes given

1000 i,u, (Fig. 5-3 and 5-4).
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TABLE 5-1

CCM..HISCNS OF MiiNS /[IFTZR A4NALYSIS OF COVARIANCEA : MEAN UTERINE

JEIGHT OF MICE GIVEN P.M.S.G. ALONE OR WITH PL4SMA OF EWES TRi.TED

VITH PoM.S.G.

B
COMP/.RISON P
MOUSE T . TMZNT GROUP VS MOUSE TRZ,.TMENT GROUP
?OI\JZQSIG' [LLON: VS L&lindeéﬁd P< 0l01
(0.25 i.u.)
P.M.S.G. LALONE vs UninjccTed F<£0.01
(1.0 i.u.)
P.M.S.G. LALONE vs P.M.S.G, (1.0 i.u.) + Plasma P {0.05
of Zwes given 500 i.u.
P.M.5.G. alonc
P.M.S.G. ALCNE vs P.M.S.G. (1.0 i.u.) + Plasma P{0.01
of Ewecs given 500 i.u.
P.M.5.G. + Fround'sg
PM.85.G. LLONE vs P.M.S.G. (1.0.i.,u.) + Plasma P {0.01

of &wes given 1000 i.u.
P.M:«S.G. + Fround’sg

{. = OCnly including comparisons of mecans that showed significant
differecnces.

B - Level of significance of comparison between two groups.
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CHAPTER SUMM.RY

1. Uterine growth of immature mice was stimulated by dosages of
Oe¢l - 1,0 isu. P.M,S.G. Linear incrcases in this recsponse were
seen with log-increases in dose between O.1 = 0.8 i.us P.M.S.G.

2. The injection of plasme from sheep treated at up to threco
sequential cycles with P.M.S.G. did not inhibit the mousc uterine
weight responsc to P.M.3.G,, suggesting that no anti-gonadotrophins
had devecloped in thesc sheep.

3. Plasmea of chronically trcatcd ewes inhibited response to

P.M.S.G., suggesting the presence of anti-gonadotrophins,
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Chapter VI

OVARIARN FOLLICULAR DEVELOPMENT OF

EWES SEQUENTIALLY TRELATED WITH P.M.S.G.

Experiment 3 was designed to investigate ovarian follicular
development of ewes treatea with P.M.S.G. up to three successive
times. Laparotomies and recovery of genital tracts after slaughter
2llowed ovaries of such cwes to be examined at successive cycles.
Data on surface follicles were recorded at laparotomy oand post-
mortem, Cross scctional sccres of antral follicles and the
calculation of the percentage of these that werc normal, provided
further information on the trcated ewcs when the overics were
rccovered at slaughter. Relationships between paramectcrs at
successive cycles (repeated observations on the same animals) were
also inveestigated, as werc the rclationships betwecn cross-

scctional follicular counts and surface observations.

/ Surfacc Observetions

Tables 6-1, 6-2 and 6—3 prcsent analyses on transformed counts
of visually appraiscd follicular devclopment, taken from cwes
trecated once, twice and three times respectively. 4s the controls
varied in ovulation ratc en? follicular cevelopment from cycle to
cycle (sce Teble 4-10), the trcated ewes arc compared to control
ewes observed at the same timce The tables only show the data for
total ovarian follicular response., The right and left ovaries werc
found to bc sufficiently similar to justify pooling the data from
both. Data on the counts of corpora lutee and of corpora lutea +
total follicles from these sheecp are shown in the previous chapter

(Table 4-7 and 4-8).



Mcans and Standard Errors

OVARIAN SURF/

™
o]

T/BLE 6-1

LCTIVITY : OBSERV.ATION ONE

TREATMENT N ME/N NUMBER OF FOLLICLES/SHEEP * STD. ZiROR (TRANSFORMED DATAL)

SMiLL MEDI UM LARGE SMALL + MEDIUM MEDIUM + L/AGE ALL FOLLICLES
P.M.S.G. 30 22.89 22.53 13,80 31. 32 2C.01 35.43

+1.78 *1.60 *+1.06 +r1.87 *1.00 t1.87
CONTROL 10 19.08 27.63 19.47 33.32 32.64 37.70

+3.00 42.78 +1.34 +3.25 *3.26 +3.25
Analysis of Variance
SOURCE CF  D.F. MELN SQUARZS™
VLRIATION

SMALL MEDIUM LiAGE SMALL + MEDIUM MIDIUN + LARGE ALL FOLLICLZES
BETVEEN

o [ ] - 4 3 L] [ ] L]

GROUP 1 108,57 194.64 3.4 8.62 30,27 38.62
BRIOR 38 95.63 77.29 34.21 105.91 106.91 105.91

A - F ratios all non-significant



TLBLE 6-2
OVLRI/LN SURF..CZ .LCTIVITY : CBSZRVLTION TV/O

Mecans and Standard Errors

TRELTMENT N MEAN NUMBZR OF FOLLICLES/SHLED * STD ZDIOR (TRANSFORMZD DATA)
SMiLL MEDI UM L.RGE SMALL + MZDIUM MIDIUM + LLRGE 4iLL FOLLICLZ3
P.M.S.G. 20 25,01 18.18 16,56 29, 57 21,90 32.15
2,02 +1.21 £1.52 +2.1¢ +1.24 +2.11
CONTROL 9 21,54 1C.56 17.28 26.74 24,03 30,56
+3.01 +1.80 +2,17 +3.25 +1.05 +3.15

Analysis of Variance

SOURCE CF . : R e Y
VoI TION D.F. . MELN STULRES

SMiLLL MEDI UM LARGE SMELLL + MEDIULL MEDIUNM + LAGGE ~LL FOLLICLES
BETRTZEN 1 74.33 0.97 2,48 49.62 26.15 15.59
GROUPS
ERIIOR 27 31.63 29,36 46,60 65,36 31.02 89.49

a4 - F ratios all non-significant



T/.BLE 6-3
OVARIAN SURF/L.CZ LCTIVITY : OBSZRVALTION THREE

Means and Steandard Errors

TREATMENT N MEAN NUMBZR OF FOLLICLES/EWS & STD ERRCR
SM/LL MEDIUM L4RGE SM/.LL + MEDIUM MEDIUM + LARGE LLL FOLLICLES
2., M.8.G} s 21,54 18.56 17.28 30.50 27.80 30.56
+2.16 23.00 +1.65 +3.58 +3.73 *3.51
CONTROL S 21.46 23,32 17.69 27.06 20,78 12,35
+2.16 +3.00 *1.65 #3.53 *3.78 *3.51

Analysis of Variance

SOURCE OF . g ME/N 53ULRES
ViRIATION —=

SMALL MEDI UM L/.RGE SMALL + MEDIUM MEDIUNM + LaRGE

ALL FOLLICLZS

BETVEEN
GROUP 1 0.03 101.80 0,72 4.61 41.03

ERROR 16 42.24 81.35 24,56 115.47 129.03

53.41
111.22




NUMBER OF FOLLICLES

FIGURE 6-1:—
OBSERVATIONS ON FOLLICLE NUMBERS IN EWES TREATED
UP TO THREE TIMES WITH P.M.S.G.
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Trends in all parametcrs, at each of three cycles are shown
in Fig. 6-1., Thcre was little variation in the total number of
surfacc follicles present in the ovaries of ewcs given either cne,
two or three sequentiel treatments. A tendency towards increasing
numbers of smaller follicles, &nd decreasing numbers cf larger
folliclcs, with incrcasing numbers of scquenticl treatments is not
marked. The number of follicles in cach different size category
for trcated animals did not differ from those of the controls at any
of the threc observations.

Table 6-4 shows the ovarian surface data of the three treated
groups at slaughter. These groups ciffered significently in
ovulation rate (P<0.001)., Ewes given one injection had signifi-
cantly greater ovulation rates than ewes given two or three
injections while the latter two groups c<id not differ. 3Zwes of
Treatment three (1 injection) hacd significantly more (P<0.05)
follicles greater than 3 mm, (med. + lge.) than ewes of treatment
two (2 injections). However, ewes of Treatment one (3 injections)
did not ciffer from cwes of Treatment three in this measurcment.

“Yhen the total sum  corpora lutea and all follicles is
considered, ewes given one injection showed a significantly learger
scorc than the other two groups.

The reclationships between variates over two immediate oestrous
cycles arc analysed for control animals in Table 6-5 and for ewes
treated up to three times with P.M.S.G. in Table 6-6. These
relationships were investigated by recgression analysis and the
number of corpora lutca at any one observation are related to

laparotomy observations at Day 10 of the previous cycle. In the



TABLE 6-4

OViRIAN SURFACE LCTIVITY :

OB3ERVATION /.T SLAUGHTER

Mcans and Standard Errors

TRZLTMENT N 1‘1‘1E[NS + ZRRACRG OF TRANSFORKED COUNTS
CORPORY. SM/,LL FOLL. MED.FCLL. LGE.¥CLL. Ski.+ MZD. MID.+ LGE. ALL C.L. +
LUTEA FOLL. FOLL. FOLL. FOLLICLES
1 (3 Injections) 9 16.44&13 21,46 23.32 17 .69 30.08 27.80 34.01 37.17A
*+1,73 ﬁ3.50 +3.03 i2.38 $4.27 *2,91 *4.03 #3.87
2 (2 Injcctions) 20 15.45A 26,17 13. 37 138.87 31.00 23.:37A 34.00 36. SOB
*1.16 #2.34 +2,03 *1.60 2,386 *1.95 +2.70 *2.59
AB i B
3 (1 Injection) 30 24.43 25.94 22,33 22.33 35.44 32, 39 41,24 47, 19A
30.95 +1.91 +1.,66 *1.30 +2,34 +1.59 2,21 *2.12
Analysis of Variance
SCURCE CF
VLRIATION D.F. MEAN SQUARES
CORPORA SMALL FCLL. MED.FOLL. LGE.FOLL. Ski.+MID. MED.+ LGE. LLL C.L. +
LUTZA FOLL. FOLL. FOLL. FOLLICLES
e * *
BETWEEN GROUPS 239.45 65.70 100,72 56.20 79.07 203.68 171.57 360.62
ERRCR 27.24 110.41 82,90 51.28 164,69 75.24 146.59 135. 16
A,B = Groups with the same subscripts arc significantly different mceans
* P<0.05
»» P<0.01

»»» PL0,001



TABLE 6-5
A3l . TICNSHIPS BETWIZN OVUL..TION RATE LAND CVi.RIAN ACTIVITY

(il DAY 10 CF THE rRIVIOUS O=3TROUS CYCLE : CCNTROL &WES.

RELATIONSHIP" REGR. ST, D.F. T 3
COZFF.  ERROR

L.C.L.3 vs L.C.L.2 ~0.1595 0.6986 7 0.2283 N.S.
L.Sm.Foll.2 0.2309 0.2479 i 0.9314 N.S.
L.Mcd.Foll.2 -0, 6930 0, 3746 7 1.8499 N.S.
L.Lge.Foll.2 -0.3523 0. 3478 7 1.0129 N.S.
L.Tot.Foll.2 0,0028 0.2299 7 0,0121 N.S.
L.C.L.+F0112 0.0038 0,2290 7 0.0165 N.S.

L.C.L.2 vs L.C.L.1 -0.6667 0.2182 7 3.0554 P<0.05
L.Sm.Foll.1 0.2293 0.1294 7 1,7720 N.S.
L.Med.Foll.1 0.0060 0,0803 7 0.0747 N.S.
L.Lge.Foll.1 0.2525 0.,2496 7 1,0116 N.S.
L.Tot.Foll.1 0.0431 0.0C36 7 0.5155 N.S.
L.C.L.+F0111 0.0234 0,0562 7 0.2714 N.S.

R.C.L.3 vs R.C.L.2 1,0116 0.4361 7 2.0810 N.S.
R.Sm.Foll.2 0.4932 0.2572 7 1,9160 N.S.
R.Med.Foll.2 -0.4126 0.4235 7 0,9742 N.S.
R.Lge.Foll.2 0,1705 0.4466 7 0. 3817 N.S.
R.Tot.Foll.2 -0.6536 0.3029 (/] 2.0578 N.S.
R.C.L.+Foll2 ~0.4774 0.3917 7 1,2137 N.S.

R.C.L.z vs R.C.L.1 0.5442 0. 1425 7 3.3160 P<0.01
R.Sm.Foll.1 0.0366 0.0914 7 0. 3676 N.S.
R.Med.Foll.1 0.0222 00,1010 7 0. 2198 N.S.:
i.Lge.Foll. 1 0.2096 0.0715 7 2.9314 P<0.05
R.Tot.Foll.1 0.0771 0.0744 7 1.0362 N.3S.

7 1.4463 N.S.

R.C.L.+F011.1 0.0862 00,0596

A - L. = Left, R. = Itight, C.L. = Corpora Luteca, Subscripts denotc
Cbsecrvations 1,2 and 3.
B = T Test based on Null Hypothesis; Testing whether regression

slopc differs significantly from zcro.



REL/L.TIONSHIPS

TABLE 6-6

BETWEEN OVULATICN W.TG [AND OV:.:.RI4AN ACTIVITY

ON DiY 10 OF THis PREVICUS OZSTRCOUS CYCLE :

TREATED EVES

AELLTICNSHIP REGR. STD. D.F. g? B

TISTED CO=EFF. ZARCR

L.C.L., vs L.C.L., 1.1035 0. 4545 7 2.4279 P<£0.05
L.Sm.Foll.,-0.2296 0.1919 7 1.1960 N.S.
L.Mcd.F0112—0.2032 0.5474 7 0.3133 N.S.
L.Lge.Foll, 0.4326 0.5414 7 0.7990 N.S.
L.Tot.Foll,-0.1507 0.19547 7 0.7740 N.S.
L.C.L+Foll,~0.1174 0.2345 7 0.5006 N.S.

L.C.L., vs L.c.L.1 0.2415 0.1$65 8 1,2290 N.S.
L.Sm.Foll. -0.1352 0.3113 8 0.4343 N.S.
L.Mcd.Foll, 0.5026 0.2127 & 2,3629 P<C0,05
L.Lge.Foll  0.4934 0.4413 3 1,1180 N.S.
L.Tot.Foll, -0,0675 0.2672 3 0.2526 N.S.
L.C.L+Foll, -0.0675 0.2672 8 0.2526 N.S.

7.CeLl., Vs R.C.L.1 0.5016 0.5238 7 0.2526 .S.
R.Sm.Foll, -0.4275 0.2762 7  1.5447 .
R.Mcd.Foll, 0.1569 0.4257 7 0.3685 .S.
i.Lge.Foll, -0.1760 0.7332 7  0.2409 .S.
Z.Tot.Foll, -0.1916 0.25G65 7  0.7469 A
%.C.L+Foll, 0.1046 0.2547 7 0.4106 .S.

R‘C°L'2 R.C.L., -0.0151 0.362% & 0.0416 N.S.
R.Sm.Foll -0.3483 0.1743 C 1,9523 N.S.
R.Med.Folll 0.1838 0.3325 8  0.5527 N.S.
R.Lge.Foll, -0.4350 0.30350 8 1.1432 N.S.
2eTot.Foll -0.1413 0.2311 3 0.6109 N.S.
R.C.L+Foll -0.09C1 0.2090 8 0.4693 N.S.

A - L, = Left, R. = Right, C.L. = Corpora Lutea. Subscripts recfer

to Observations 1,2 and 3.

B = T Test based on Null Hypothesis; Testing whether regression

slopc differs significantly from zero.



control animals, corpora lutec seen on the right ovaries cf ecwes

at the second observation were significantly related (P<0.05) to
the number of large follicles scen 6-8 days beforc ocestrus
(obscrvation 1). The corpora lutea seen at the¢ second observation
vere related to the number of corpora lutea scecen at the previous
observation (R.C.L.2 vs R.C.L.1 and L.C.L.z vs L.C.L.l):t (Table 6-5).
The regression cocfficicnts of these relationships arc opposite in
sign and hence no real trends are apparcent.

Of the P.M.3.G. treatcd animals, very few significent
relationships were founcd. Ovulation ratc of the left ovaries at
thc third oestrus was positively correlated to the ovulation rate
of the samec ovarics at the second oestrus and this regression was
significant (< 0.05). Ovulation rate of the left ovaries at the
second oestrus was significantly related to medium sized follicles
(3-5 mm,) :it Day 10 of the previous cycle (F£0.05)., <gain, the
significant recletionships obtainec have little real implication

because there are no consistent trends.

Total Ovarian Activity

The number of antral follicles in serial 2 mm. slices gave an
estimation of the total ovarian activity and the number of follicles
that were potentially ablc to be stimulated by gonacdotrophin. The
number of antral follicles per ovary was estimated by counting the

number per 2 mm. section ancd summing them for each ovary. Table 6-7

1"Regression of corpora lutea on right/left ovaries at the second
ovulation, on corpora lutca of the same ovaries at ovulation one.



TLBLE 6~7

ESTIMATZES OF TOT.L CVARIAN FOLLICLZ PCPULLTION : NUMBiER OF /NTIUL

FOLLICLZS/OVARY (TRLNSFORMED DATA).

kieans + Standard Errors

TRE/.TMENT NUMBER/GROUP MZAN NUMBZR OF ANTALL FOLLICLES
GROUP PIR OV.AY # S.E. (VX + 1)
1 9 41,58 + 3.53

(3 Injoctions)

2 10
(2 Injections)

3 10
(1 Injecction)

4 9
(Uninjected)

47.19 + 3,35

40,97 + 3.35

36,57 + 3..53

Analysis of Variance

SOUNCIE OF V:iRIATION D.F. MSAN STGUARES F E
BETVEEN GiOURS 3 151.22 1.61 N.S.
ARACR 34 112,52

TABLE G0

ESTIIL.TION OF TUIE PRCPCRTION OF NOREAL 4ANTRU.L FOLLICLES/TOTAL

ANTRAL FOLLICLE

TREATHENT GROUP NUMBER CF S/AMPLES % HONMAL /NTRAL FOLLICLES/TOTAL

OBSEINVED LNTRAL FOLLICLES (CCRRECTION
Fi.CTOR)
1 (3 Injections) 10 31.2%
2 (2 Injections) 10 31.2%
3 (1 Injection) 10 13.9%
4 (Uninjected) 10

33.0%




T4ABLE 6-9

ESTINL.TES OF THE TCTAL NORMLL ANTRAL FOLLICLS PCPUL.,.TION :

NUMBE.} OF NOQMAL /ANTRAL FCLLICLES/OV/NY (TRANSFORIZED DATA).

Mcans + Standard Errors

TaZiTYENT GRCUP NUMBER/GROUP

MZAN NUMBER CF NORMAL ANTR.L
FOLLICLES PZR OVARY # 8.2.(V/X+1)

1 (3 Injections)
2 (2 Injections)
3 (1 Injection)
4 (Uninjected)

10
10

24.03 + 1.63
27.71 + 1.55
17,87 + 1.55
22.59 + 1.63

. 4nalysis of Variance

pras— e

SQURCE OF VARILTION EGRZZS OF FREEZDOM  MCBAN SQUARES F
BETY/ZEN GROUPS 3 171.41
ZPROR 34 24.18 7.1 P«¢0,001
Comparison of Mcans
TaZATMENT vs  TRLATMENT SIGNIFICANCE

1 vs 2 N.S.

1 vs 3 p<0.001

1 vs 4 N.S.

2 vs 3 P<0.001

2 vs 4 N.S.

3 vs 4 p<o0.01
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presents the data obtained from these counts. There was no
significant diffcrence between treatment groups in the number cf
antral follicles per ovary.

Histological cxamination of 10 of thc 2 mm. slices per
trcatment group enabled cstimation of the number of normal entral
follicles per total antral follicles. 4n average figurc was
obtained for ezch group and thesc are given in Table 6-3. The
figures (correction factors) presented in this table were used to
correct the datz of Table 6~7 (mean number of antral follicles per
ovary).

Photomicrographs showing various stages of fcllicular atresia
are scen in Fig. 6-2 to 6-7.

The proportion of normal antral follicles/ total antral
follicles of ovaries recovered from ewes on Trecatment 3 (1 injection)
was lower than that of the other three groups (Table 6-8). The
other threce groups were comparable in this measure.

4nalysis of follicle populations correccted for the degrec of
atresia i.c. normal follicles per ovary, is given in Table G-9 and
thc application of the correction factor reveals thet cwes of
Treatment 3 had a significantly lowcr (P< 0.001) number of normal

follicles per ovary than the other groups.

Relationships Betwecen Total Ovarian Data and Surfacc Data

Relationships between estimated total ovarian activity and
ovarian surfacc observations were tested by regression analysis.
The estimated total number of antral follicles per overy and the
cstimatecd total number of normal antral follicles per ovary were

related to the number of surface follicles per ovary and the



Fig.

Fig.

G=2:~

G-3:-

Normal follicle scctioned through the ovum :
a - ovum; b - cumulus cells; c - granulusc cclls;
d - theca intcina; c - theca cxterna (x 163).

Cross sccticn of & normal tertiary follicle:
a - granulosa; b ~ thece interna; c - theca

externa (x 65).
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Fig. 6-4:- Cross scction of the lutecinised wall of & cystic
follicle: a - theca interna; b - lutcin cells;
c - theca externa (x 168).

Fig, 6-5:- Early atresia of & tertiary follicle: a - granulosa
cells moving into the antrum (x 168).






Fig. 6-G:-~ (tresic of & terticry follicle; disintcecgration of the
granulosa (x 65).

Fig. 6~7:- Latc atresia of a tertiary follicle; granulosa
cells dispersed throughout the antrum (x 65).
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number of corpora lutea per ovary. None of these regression
rclationships were found to be significan:i. The recgression

coefficivnts are given in Appendix 5.

CHAPTER SUMMLRY

1. lthough there is no cvidence of a reduction in total

ovarian population with increasing numbers of sequential treatments
with P,M.S.CG.,, there is a trend towards increasing numbers of small
follicles end decreasing numbers of large follicles., None of thesce
trends were shown to be stotistically significant.

2. The number of follicles greatcr than 3 mm. was seen to be less
in ewes treated twice with #.M.5.G. than in ewes treated once
(observation 10 days after the onset of oestrus following
injection).

3. elationships between ovulation ratc and ovarian activity
(surface) obscrved on Day 10 of the previcus cycle arc poor.
However, rcelationships betwecn estimated total ovarian activity

and observed surfacc activity ere not significant, indicating that
surface obscervations do not rcepresent total ovarian activity.

4., The number of total ncrmal antral follicles per ovary wes seen
to be significantly lower 10 days after one injection with P.M.5.G.

then at a similar time after a second and third injection.
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DISCUSSTION




Chapter VII

DISCUSSION

Synchronisation and Cestroucs Fhenomena

Oestrous cycles were synchroniscd with progestagen sponges
to assist the conduct of the cxperiments,

nfter 14 days introvagingl administration of M./.w . to
cyclic ewes (Expt. 1), injection of F.M.8.G. was observed not to
affect the time after sponge withdrawal in which ewes came into
ocstrus., Ncither did this injection of P.M.S.G. reduce thc number
cf ewes showing silent oestrus.

ilobinson and Smith (1967) havc shown the acdministration of
P.M.S.G., after sponge withdrawal to increase the number of
anocstrous cwes brought into ocstrus with progestagen sponge
treatment. Furthermore, ewes were brought into heat earlier when
P.M.5.G. was given, JAttempting to induce carly breceding, Gordon
(1S71a) showed that morc ewes were mated after progestagen treat-—
ment when P.l.S.G. was given., ¥ith ewes given progestcrone
treatment carly in the seascn, Robinson (1955) found that P.M.S.G.
would give an earlier and = more pradictable onset of oestrus, but
later stated (Robinson, 1961) that this effect was more marked in
younger cwes. Ford (1966) derived no advantage in giving
gonadotrophin to cyclic ewes treated with progestagens. The
indications are therefore, thet P.M.S.G. may effect a grecater
oestrous response in ewes trcated with progestagens in the
anoestrous scason or carly in the breeding season. The effect scems

less marked when mature cwes are treated, late in the breeding
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scason. The synchronisation obtained in cwes of @xperiment 1
substantiates this thought.

Injectien of 10 mg. progestcrone in oil, on Day 12 of a
14 day intravaginal M..L.P. trcatmeant, may provide o more
effective synchronisation of carly-bred ewes than M.a.P.
treatment alone.

Robinson ct al. (1963) showed a lincar decline, with time of
inscrtion, in the amount of rcsidual progestagen in an inscrted
intravaginal sponge. Progestagen treatment carly in tiie season is
thought to prime ocstrogen recevtors (Raeside and McDonalcd, 1959;
Gibson and Robinson, 1871). It wes thereforc thought that injection
of progcsterone in the latter stages of an intravaginel trcecoatment
may supploment the depleted supply in the sponge and give & morce
cffective priming of ocstrogen rceceptors.

Bindon and Roberts (15964) decreased the veriability in time
of onset of ocezstrus followinZ syachronisation by thc combined usc
of short- and long-acting progcstagens.

Gordon (1971b) suggested that minor modifications in
progestagen treatments may improve the ocstrous response of carly
bred cewes and that this was probably related to the amount of
progestagen absorbed. However, Gordon (1971d) found that the
addition of 400 mg. of progestcrone, to an intraveoginal sponge
alrcady impregnated with progestagcen, did not improve the oestrous
response in such ewes and only gave marginal superiority in cyclic
cwes. Robinson ¢t al. (1968) and Robinson (1971) indicated that

this effcct may be achieved by modifications in preparation of

progestagen sponges.



Llthough synchronisation in Expceriment 3 was better than
that achieved in Experimont 1, comparison between the two trials
is limited. Lamond and Bindon (1962), Lamond (196<c) and
lobinson (1971) have demonstratced scascnal variation in cwe
response to progestagens and for this rcason, compariscns in
Tablecs 3-2 and 3-4 arc not strictly valid. No control cwes were
cvailable to guage the effoctiveness of a progesteronc injection
per se but the given comparisone were carried out in order to
obtain somc indication of whether such a practice holds any
future promise.

Bwes came into oestrus over a more compact period when cwes
were given an injection of progesteronce and M.A.P. rather than M. i.P.
alonc., A4 greater number 0f ewes were in oestrus on Day 2
following withdrawal oi spongses. The progestcronc injection
appears to have produccd a better synchronisation. The results of
Nobinson et al. (1968) indicate that therc is considerable between-
cwe variation in the amount of progcstagen absorbed from progestagen
impregnated sponges. {Administration of progestercone on Day 12 of
trcatment may overcomc this variation and ensure thet circulating
levels oi administered progestagens, at the termination of
trcatment, are morec uniform between animels,

The number of cwes showing overt ocstrus was not improved by
the administration of progesteronce, comparcd with progestagen
treatment late in the breeding scason. It appears as though the
injcction did not aid the priming of oestrogen reccptors.

Cumming (1965) showed that 32-30% of Romney cwes expericnced silent

ocstrus when given a constant daily dose of progesterone during
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February. Larsen (1971) found this figurc to be 19% with
intravaginal M,A.P. trcatment of similer cwes during March., It is
imown that ewes often experience cyclic activity and silent oestrus
at the end of the anoestrous scason (McKenzic and Terrill, 1937 a=nd
Nobinson, 1950). Ewes not cxpericncing ocstrus after Mec.P./
progestecronc treatment probaily coxperienced silent oestrus
(confirmed by laparotomy in twe cwes). Maybe those cwes coming
into oestrus had previously expcricnced silent oestrus and those
sinowing silent ocstrus post-treatment had not. This animal
variation in the time of naturel silent cestrus mey be responsible
for thc inability of hormonal trectment to cifect the incidence of
silent cestrus at this time of the year. There is scope for faurther
stucdy in this respect.

Thorough investigation of the coffccet of & progesteronc
injection, as given in this study, may be fruitful. With thc usec
of approprirtc control animals, the truc valuc of the prectice could

be revealed.

Effect of Scquential ».M.S.G. Treatment on Synchronisation

Synchronisetion in cwes given M.aA.F. only (control cwes:
3xpt. 1) remainced effective over three oestrous cycles. The
Cistribution of thc number of ewcs in oestrus on any particular
dey, following M.A.P. synchronisation is typically skecwed (see
Clarke gt el., 1966) in thesc ewes. However the distribution of
the day of onsct of oestrus becomes more dispersced in nature during

thc subsequent two oestrous periods. Ewes coming into oestrus over

tiree cdays at ocstrous periods 1 and 2 were distributed over 4 days
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at their third oestrus (Fig.3-3). Edey and Thwaites (1966) have
reported that once oestrus is synchroniscd in cwes then the degree
of dispersion at thc next cycle is small. This hes becn
substantiated by Robinson ¢t zl. (1967) who maintained that the
sccond oestrus after synchronisatiorn wouldl be convenicnt for
artificial inscmination as the depressecd fertility scen in cwes
inscminated immediately following synchronisation is not evident
one cycle later. Hancock and Hovell (1962) and Larsen (1971) werc
able to usc the second synchroniscd cycle as a defined period over
which ovum transfer could bec carried out,

The results of Zxperiment 1 show that oestrus of ewes given
progestagen will rcmain effectively synchronised for three oestrous
cycles. Laparotomy at cach of thc threc cycles (on Day 10 of the
cycle) does not alter this synchronisction markedly).

Synchronisation i3 not well prescrved in ewes treated with
gonadotrophin (Table 3-9). Thec administration of P.M.S.Gs affects
the synchronisation to different degrees, depending on the cycle(s)
at which it is given, .iiwes superovulated immediately after
synchronisation (Trts. 1 + 2 - Expt.1) show a greater dispersion
in their oestrous periods at the second cycle than ewes not trcated
at this point. LEwes treated with P,M.S.G. over three cycles came
into heat over a period of 16 days after the third injection and
thus synchronisation was complctely destroyed by this time, The
staggering of injections with P.M.3.G. (Trt.2 - Expt.1) also
caused considcrable dispersion in the onset of ocstrus when
compared with ewes given two or one injections (Trts.3 and 4 -

Expt.1).
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The influcnce of sequential P.M.5.G. injections on
synchronisation coecs not facilitate ovum transfer work. The
Gispersing influence of the gonadotrorhin, as ccmpared with ewes
given progestagen alone, woulcd mcan thet superovulated donors and
synchronised recipients would become progressively asynchronous
with successive trcatment.

Variation in superovulatory rcsponse may be responsible for
the dispersion of once synchronised oestrous periods, in animals
treated with gonadotrophin. 3Ixtremc variation in response to
P,M.8.G. is well documented (c.g. Robinson 1951) and was also
evident in this study (sce :.ppendix 1). Excessive populations of
corpora lutea and large follicles on the ovaries of ctimulated
animals may causc the variation in time taken to display oestrus
at a leter cycle.

Incrcasing numbers of silent hecats in cwes trecatcd over
threc cycles would have rcndered any statistical analysis of
cycle length to be suspect (in Expt.3 6 ewes came into oestrus
after three injections)., For this reason, oestrous cycle lengths
were thought not to be o valid indicator of any real trend e.g.
effect of sequential superovulation as discussed in thc above pera-
graphs. Unless somc account of silcnt oestrus was taken,
conclusions basced on oestrous cycle length could be misleading.

Results of Zxperiment 1 showed the treatments to have no
cffect on the number of ewes showing overt oestrus (Table 3-7).
However, in Expceriment 3 increcasing numbers of sequential treatments
with P.M.S.G. reduced the numbcir of ewes displaying overt oestrus

(ccmpared with control ewes). The inconsistency between these two
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cxperiments may be seasonal. EBEwes could be expccted to show silent
heat morc recadily curing the carlicr part of the brecding scason.
Newvertheless, all the control ewes of Experiment 3 ecxhibited oestrus,
and thce trend seen in the gecguentially trcated ewes of this
cxperiment is probably rcal.

oevelopment of Cvarien Refractoriness in

Ewes Sequentially Treated with PeM.S.G.

Studics on ovarian refractoriness to P.M.3.G. in scquentially
trcated ewes involved investigetion into more than onc aspect cf
the condition. The resulis obtained will be discussed in the
following order:- 1. Ovarian response and the development of
refractoriness., 2. Development of anti-gonadotrophins
3. Follicular dynamics of the ovary
4. General discussion on refrectoriness to P.M.S.G.
The first thrce sections will discuss the results of Experiments 1
to 3 and the fourth section will integrate all information on |
ovarian refractoriness.

1. Ovarian response and the development of refractorincess to F.M.S.G.

Ovarian refractoriness to P.M.S.G. has been demonstrated in
the ewes of both Experiments 1 and 3.

In Experiment 1, ewes given three sequential injections
(Trt. 1) had significantly lower terminal ovulation rates (numbers
of corpora lutea) than ewes given a single injection (Trt.4) or
two spaced injections (Trt.2). Zwes given two sequential
injections (Trt.3) also hacd significantly lower ovulation rates
than those given one injection but the difference between

treatments 2 and 3 failed to attain significance (0.05 <P <0.10).
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¥Yhen a perioc of one ocstrous cycle scparated two injections then
the ewe's terminal response to the hormonz did not differ from
that of ewes given one injection.

Yhen treated ewes were compared with control ewes (Expt.3),
the first stimulation with P.lM.S.G. was able to superovulate
animals but the ovulation rates of ewes treated a sccond and third
did not differ from those of control animals observed at the same
time.

The results of this investigeation indicetc that refractoriness
to F.M.S.G. supcrovulation in ewes is rapidly attained. The mean
response of the ovaries to & sccond injection during the cycle
immedietely following the first injection will be considerably
lower than the normal supcrovulatory responsce. This very rapid
development of refractoriness was not previously noted by Hulet and
Foote (1967, 196Y) but was by Larsen (1971). In onc experiment,
the former authors treated ewecs 4 times with 1000 i.u. P.M.S.G.,
the interval between the second and third injections varying
betwean 33 and 340 days and the intervals between the first and
second and third and fourth injections being 16 days. In all cases
refractoriness was attained between the thirpd and fourth ingjections
but became less marked as the period between second and third
injections increased. They therefore suggested that therc was a
gradual dissipation of the refractoriness with time. ‘The results
of Gxperiment 1 indicate that the refractoriness may be dissipeated
more rapidly than this after a single injection, A spece of onc
cestrous cycle between injections is sufficient to enablc ewes to
respond to a second injection to the same extent as ewes super—

ovulated once.
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In a sccond cxperiment, Hulet and Foote (1969) treated ewes
up to 6 times with P.i.S.G. oand showed that cwes became
progressively morce refrcactory with increasing numbers of treatments.
In thc present invecstigation, therce was little diffcecrence in the
number of corpora lutea of cwes treated twice and ewes trcecatced
three times. This further reinforces the idea that enimals
ropidly lose scnsitivity to the cxogencus hormone and responses to
successive treatments will be low compared to the initial treatrient,
Furthermore, it appcars as thougn the conditicn persists.

Hulet and Foote (1967 and 19GS) showed that the first
injection, given on withdrawal of progesterone synchronisation,
always producad lover supcrovualatory roesponses than P.H.S.G.
injection of the same ewes at the noxt cycles & siivilar situation
could have cxisted in cwes of Treatments 1 and 2 of Experiment 1 in
this study. Thec effcct has been attributced to an interaction
between progesterone and P.lM.S.G. (flulet and Footc,1969) but it
must be noted thet these authors used progesterone and the present
study employed progestagen sponge treatments. HMoore and Holst
(19G7) have shown that therc is no significant difference in
ovulation rates betwveen cwes given either intrvaginal or intra-
muscular trcatments of progesterone or synthctic progestagen, when
anoestrous ewes were given P.M.8.G. after treatment, Averill (1953)
reported that the ovulation rates of ewes given P.b.5.G. treatments
during the brecding scason were not significantly different to those
of ewes given progesterone-P.M.S.G. treatment during the cnocestrous
season., Many authors have showvn good responses to P.M.S.G.

immediately after progestcgen sponge treatment (e.g. Holst, 19GS)
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and it is therefore diificult to decide whether ewes of

Treatments 1 and 2 (Expt.1) would have had lowered superovulatory
rcsponses to P.M.5.G. becausc of thce prior administration of
progestagen. The intcraction weported by Hulet and Foote ey not
be so extreme if progestegen is used in prefercnce to progesterone.
If it is accepted tinat cwes experienced some degree of superovulation,
when injected with P.M.5.G. immediately following synchronisation,
then the lack of agpparent refractoriness in ewes of Treatment 2
(Zxpt.1) is a rcal effect. The possibility of an intcraction
between #.iM.S.G. and the progestagen was avoided in Zxperiment 3
by commencing injections onc cycle after synchronisation. In this
Ixperiment it was confirmed that refractoriness was cstablished
after only onc injection of tiie gonadotrophin,

Jainudeen ¢t al. (1868) gave cows a total of 4 injecticns of
F.M.S.G. at intervals of 5-7 months, 31-34 days and 18-21 days
(first injection = 2000 i.u. and subsequent injections were 3000 i.u.)
The second injecticn procuced a superovulatory response equivalent
to the first, in spite of the increased dosage. Tine final two
injections failed to procduce ovulation rates greater than in
untreated cwes. Again, a refractory condition was evident at the
second scquential treatment. Willet et al. (1858) used more
intensive gonadotrophin treatments than are normally used to
superovulate domestic animals., They also showed that animals will
very rapidly develop a refractoriness in response to cxogenous
gonadotrophins and this concdition persists for a long period of
time. Hafez ct 21. (1864) end Laster et al. (1971) have shown

that refractoriness in cows is evident at a second seguenticl
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superovulation. Larsen (1971) obtained a similar effect in ewes
regerdless of increcsing dose levels of P.M.S.G. 41l the
observaticns of the above workers substantiate the results of
this investigetion, in that refractoriness is established after
only onec injection. But thcre are varying opinions as tc thco
period of time required to dissipate the condition. The long
period stated by Hulet and Footc (1969) may have been because
initial trcatment was in fact 2 scquential injections.

The responsc of ewcs treated with a single injection of
P.M.S.G. (Trt.4; Expt.1; Fig.4-3) is comparable to results
plotted in Fig.1-1. The ewes werc of compareble naturzl fecundity,
and of the samc breed, as those used by Wallace (1954). The dose
response curve of ewes in this study is slightly steeper than thet
of Wallace's ewes, but may be rcgarded¢ as similar. The responscs
to 1000 i.,u., and 1500 i.u. P,M«S.G. are grecater than those obtained
by Tervit (1967) and Larsen (1971) but are similar to thcse of
Cumming (1965).

Differences in supecrovulatory response to a single injection
of P.M.S.G. between trcatments in this study and treatments imposed
by other workers in the same environment may be due to age factors
(c.g. Larsen, 1971) and scasonal differences in response (e.g.
Cumming, 1965). The latter of these two factors is the more likely,
as therc is little evidence of differential responses in ewes of
different ages (Robinson, 1951 and Zverill, 1958).

The range in ovulatory response of ewes given 1500 i.u. was
greater than in ewes given 1000 i.u. P.M.S.G. (LAppendix 1).

Robinson (1951) Wallace (1954) Averill (1958) and Larsen (1971)
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have all noted that thcre is an increase in indivicual ewc
variation with increasing dosc of P.M.S.G.

Dose level and treatment x dosc interactions did not have
significent effects on the numbers of corpora lutea cbserved in
ewss of Experiment 1. Fig. 4-4 shows that, although thesc effects
were not statisticslly significent, some discussion on thesc
trends may be justified providing the limitations of significance
are appreciated. Vith scquential treatments (Trts.1 and 3; Expt.1),
lower dosecs (1999 i,u.) procduced higher terminal ovuletion rates
than higher doscs (1500 i.u.). The reverse trend was secn in less
intensively treated cwes (Treatments 2 and 4; BExpt.l). Vith
sequential treatments, high doscs of gonadotrophin mey enhance
refractoriness by producing greater ovarian responscs at the first
injection. This suggestion mey in part expleain why ewes given
spaced injections (Trt.2) have a2 dose responsc curve of similer
slopc to that of cwes given & single injection. The space of one
oestrous cycle possibly allows the hypecrtrophied ovaries to regain
normal size encd function before restimulation,

#lthough there was no incidence of cystic ovaries in
Treatments 2 and 4 (3xpt.1) while therc was in sequentially
treated ewes, statistical significance was not attained. Larsen
(1971) has indicated that successive stimulations arc likely to
cause cystic and luteinised follicles to be more prevalent,
However, Robinson (1951) and ‘allace (1954) rcport that similar
effects arc obtainable with administration of & singlc large dose
of F.M.S.G, The two may be similar in that they arc both over-

stimulating the ovarices. The development of cystic ovaries 1is
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thus unlikecly to bec a primary cocusal factor of refractorincss but
may cnhancc its effect.

Hulct and Foote (1969) consider that refractorincss
(lowering of ovulatory response to F.M.S.G.) is in pert duc to
ewes becoming anovular. They ware able to partially ncgate the
effect of refrectoriness by considering ovulation ratcs of only
cwes ovulating. A similcr cffect was apparent in the present
stucly when numbers of corpora lutea cf ovulating cwes only were
analysed. Ovulating cwcs given threc scquential injections had
significantly lower tcrminal ovulation rates than all other ewes
in Experiment 1. This result implics that the failurc to ovulatc
may bc the first domonstrable causc of epparcnt refractoriness cs
the climination of non-ovulating cewes rendered the terminel
ovulation rates of owes on trcatment 3 (two scquential injcections)
similar to those of ewcs given one injection. This effcct was
reproduced to a lesser extent in Experiment 3 where 2/20 and 2/9
ewes failed to ovulate with & second injection ancd third injection
respectively.  Lverill (1958) has given some evidence of o similar
anovular condition where cwes being treated with P.M.5.Ge for a
second and third time within onc breceding scason, failed to ovulate.

P.M.S.G. is primerily folliclc stimulatory in action (Lamond,
1960) and may stimulate the growth of many follicles that do not
ovulate (Lamond, 1664). 3cenlon ct al. (1968) noted that only 63%
of mature folliclecs ovulatc when cows were stimulated with the
hormone. It is thercforcec likely that counts of corpora lutea +
large follicles would provide a more accurete idea of total

ovarian response to gcnadotrophic stimulation than corpora lutea
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alone. Lamond (1964) and Larscn (1971) have found larger

standard cerrors associatcd with means of corpora lutea +

follicles than with mcans of corpora lutea only. In 3Ixperiment 1
this effect was not evident when corpora lutea + follicles

greater than 3 mm. werce consicdered. The mean for these measure-
ments was significantly less for cwes on Treatment 1 than for all
other groups of ewes. (.dding thesc follicle counts to corpora
lutea causes Treatment 3 (two sequential injections) to differ from
Trecatment 1 and thercforc the differcnce betwcen thesc two groups
is in the number of large follicles. It is interesting to note
that in Zxperiment 3 there was no difference between control ewes
and ewes given one, two or thrce scquentiel treatments with P.M.S.G.
when the number of corpora lutea + follicles greater then 1 mm.
wvere counted. Smaller follicles were taken into account in this
experiment whercas measurements in Experiment one neglected any
follicles less than 3 mme. in size. It appears as though the
population of 'larger' follicles is more sensitive than their
'smaller' counterparts to genacdotrophic stimulation,

Over all trcatments of Experiment 1, the higher dosc of P.M.5.G.
(1500 i.u.) stimulated a greater number of corpora lutea +
follicles greater than 3 mm. thon did the low (1000 i.u.) dose.
This result conforms to that of Holst (1969) which shows that
increasing doses will increase thc number of large follicles as
well as the count of coriora lutea + large follicles. Lamond
(1964) and Larsen (1971) have also reported increases in

follicle growth with increasing levels of administered P.M.S.G.
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Regression amalyscs given in Table 4-9Y show that ovarian
weight is dependent on the number of corpora lutea per ovary when
cwes are treated once with P.M.S.G. This relationship doces not
hold for uninjected cwes andé does not always apply when cwes are
given successive injections. Qlobinson (1951) has shown the
ovarian wecights of treated cwes to be significantly corrclatcea
with the numbcecr of corpora lutca present in ewes superovulated with
?,M.S.G. and illen and Lemming (1961) have derived rclationships for
untrcated, flushecd cwes.

Regressicn relaticnships for ovarian weight on corpora lutca
Plus large follicles arc better than if only corpora lutea are
considered. This is consistent with the ecrlicr suggestion thet
this composite figurce is a better indication of total ovarian
activity than is "corpora lutca alone' .

Slopes of curves in Figs.4-15 and 4-16 are, in majority,
similar to those of Figs.4—-4¢ and 4-5 showing that ovarian weight is
rclated to the amount of luteai tissue. The high figure for group
H3 in Fig.4-15 is a conscqucnce of the number of cwes on this
treatment that had cystic ovarics (see Table 4-2). This effect
is eliminated in Fig.4-16 beccousc such cwes feiled to ovulate.

No evidence of a differcnce in activity between the left and
right ovarices was revealed in these studies. DMcl{enzie and Terrill
(1937) and 7allace (1954) rcportced that the right ovarics of ewes
were significently more active than the left but Hutchinson and

Robertson (185G) were unable to verify this.
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In Zxperiment 3, untrceted cwes were obscrved at cach of
threce successive oestrous cycles (2nd to 4th oestrous cycles of
the breeding season) (Table <4-11). The ovulaticn rate was
significantly greater at thc third observed ocstrus than &t the
first and second. Thet ovulation rate increases from the
beginning of the seascn, has been noted by Averill (1664) and
Mclonald and Ch'ang (1935), using Romney ewes. Cbservations on
control ewes of the present study conform to the pattern suggested
by thesc authors.

Detection of .nti-gonadotrophins

Lin and Bailey (1965) have sheown strain differences in mouse
response to F.M.S.G. Bell (1959) has also shown that some stroins
of micc may be relatively insensitive to ggonadotrophic stimuletion
whereas others are very scnsitive. The mice used in this study were
known to be cestrogen scensitive (4non 1865) end for this reecson,
only low lecvels of »?.M.S.G. were required to elicit a uterince
weight response in immaturce females. ©Suchiro (1955) and Lamond and
Bindon (1966) showed recsionse curves of mice to plateau at 60 i.u.
and 10 i.u. respectively. The platecau obtained in the mice of the
present study was between 0,3 i.u. and 1.0 i.u. and thc scensitivity
of thesc mice is thus cxemplified. BSupra-optimal doscs frequently
¥ield lower ovarian and uterine weight responses than sub~optimal
doses (Suehiro et al., 1955; Lamond and Bindon, 196G) and this was
also noted in the mice of Experiment 3 (Fig.5-1).

Responses of mice given 1.0 i.u. gave morec uniform (between
group) recsponse than mice given 0.25 i.u. P.M.S.G., when injected

with plesma (Figs.5-3 and 5-4)., The mice given the lower dose
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werc in a far more sensitive dose range than those given the high
dose and the greater variation of the former may bc a consequence
of this.

Standard crrors assccicted witli mean utcrine weights of mousc
treatment groups were comparable whether mice were given 1,0 i.u. or
0.25 i.u. P.M.8.G. (appendix <), Increased dosage, producing
greater increascs in utcrine weight, often incrcecase the standard
error associated with the mean response (Lemond and Bindon, 19638
and de l1la Lastra, 1972), :.cministration of an antiscrum may
(Sasamoto et al., 1972), or may not (Flux end Li, 1965) dccreasc
standard crrors of mean response to P.M.S.G. at a particular dose
level. This is maybe due to the inhibition in responsc, which gives
lower mean valucs, and lowcr staendard errors could be associated
with these. No reduction in the standard crrors of the mcaen uterine
weight response to P.M.3.G. by thc administration of plesma was
seen in this study. This is explainable in the mice not showing
inhibition of response as thc mcan responsc is not lowered, However,
it may havc becn rcecasonablc to cxpect a decrease in standard errors
associated with the uterine weights of mice rcceiving plasma from
chronically treated ewecs but this was not evident.

Failurc to cbtain any reduction in immature mouse uterine
weight respcnse to P.M.5.G., by injecting plasma of ewes from
Experiment 1, implies that no anti-P.M.5.G. factors were precsent
in the blood of thesc ewes. The credence of concluding that the
observed ovarian refrectoriness was not due to antibody production,
depends on the sensitivity and validity of this test. Detection of

enti-gonadotrophins in the plasma of chronically treated ewes
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confirms that the test uscd was ablce to pick up antibody

activity and to indicatec the relativec potencies of the samc.
Similar tests have becen uscd by Cole ct al. (1957), Pigon et al.
(1960), Johnson ct al. (1962), Nakohari ct a2l. (1964) and

Jainudeen gt al. (1966) to successfully decmonstrate antibodies to
P.M.S.G. Cole et al. (1957) have shown that anti~gonadotrophins in
cattlo behaved in a manncy similar to serological antibodies.

For tho presant stucdy, a biological method of anti-gonadotrophin
determination was selcected in preference to a chemical method.
Biological inhibition would indicate in vivo ncutralisatien of
hormone action. It is this conscquence of antibody reaction that
is being investigated when one consicders refractoriness. Geshwind
(1963) points out that the various methods used to detect and
quantitate antibody production mey not nccessarily parallcl onc
another. Cole et al. (1957) exemplified this when obtaining better
indications of anti-gonadotrophic activity when using biological
neutrclisation tests than with precipitation tests.

Recs—-Midgely (1969) expresses some scepticism about the
inferences drawn from tests which rely on neutralisation of
biological activity. Hec states that neutralisation of a hormone is
a good indication of the presence of antibodies, but failure to
dectect antibodies by this method does not automatically mcan that
they do not exist. sintibodies may be produced in too low a lligg
to be dectected by inhibition tests and he suggests that they
should be combined with immunochemical procedures. However,
Johnson (1962) presents evidence to indicete that an antibocy to a
hormone may be present yet not produce precipitins in immuno-

chemical analysis and that the P.M. S.G.-anti-P.M.S.G. complex
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may be of this type.

Ouchterlony double-diffusion tests (Ouchterlony, 1545) were
attempted on samples of plasme obtained from sheep in this study.
Foilurec to obscrve any precipitation between antigen and antibody
implicd no evidence of anti-gonadotrophins whercas inhibition was
obtained when similar samples were injected into mice. The
Ouchterlony tests were abandonced because it was thought the antigen
(P.M.S.G.) was of too low a potency for this method.

Chronic treatments of sheep with P.M.S.G. (Expt.3) produccd
results similar to thosc of Pigon et al. (1960). 1t appeared as
though sheep produccc antibodics to P,M.S.G, morc readily with
a lower dose of the hormonc. In the present study sheep injected
twice weekly with 500 i.u. P.M.S.Gs had greater antibody titres
(not significant) than those given 1000 i.u., at the end of 5 wecks
of treatment. This is contrary to results obtained in cattle
(Cole ¢t al., 1957) where lower doses are seen to produce lower
titres of antibody.

The P.M.S.G. preparation used in this study was of low potency
(epprox. 40 i.u./mg.) which is similar to that used by Pigon et el.
(1960) (37.6 i.u./mg.) =nd much lower than other workers have used
to develop antisera (e.g. Flux and Li, 1965 used a preparation with
a potency of 2500 i.u./mg.).

Before detection of anti-P.M.S.G. in sheep, Pigon et zl.
injected approx. 46 mg. (at a dose of 200 i.u.), approx. 30.4 mg.
(at a dose of 500 1.u.) and approx. 267 mg. (at a dosec of 1000 i.u.).
The amounts of hormone injected into sheep receiving three

injections of 1500 i.u. (e.g.Trt.H1) in this study, would be
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approx. 30 mg. Of chronically treated sheep, those injected with
S00 isu. received a total of approx. 150 mg. and those dosed at
1000 i.u., approx. 300 mg.

If the study of Pigon g& al. (1960) presents a typical picture
of anti-P.M.S.G. production is shcep, if the sheep in that study
were of thc same weight as thosc used in the present study and if
the amount of antigen introduced has an effect on the rate of
antibody production, then certain deductions may be made. It
appears as though sheep on all treatments in iExperiment 1 did not
receive sufficient antigen to produce an immune reaction, whereas
chronically treated ewes were supplied with adequate amounts. Both
Cole et al. (1957) and Nakahari et al. (1964) have stated that
treatment with gonadotrophins must be excessive and unphysiological
to obtain immunec responses. One limitation of this argument is
that the amount of hormone introcuced may not be as important as
other factors in cnhancing antibody formation (sce Cole et al., 1957).

Time factors are also important in the development of antisera.
Jainudeen et al. (1966) show that if cows are cosed once with P.M.S.G.
and then left for 188 cdays, a sccond injection will produce rapic
formation of antibodies. This typical effect is also displayccd in
cows by the study of Colec et al. (1957) and in rabbits (Leathen,
1947). 1t is likely that if sheep in this study were left for a
period of months and then given an injection, or a second series of
injections, approeciable antibodies titres would have been detected.
In contrast to studies wherc anti-gonacdotrophins are obtained by
retreatment of animals some time after the first injection(s),

some workers have shown that short term trecatments will do little



73

to produce anti-P.M.S.G. factors. Colc et al. (1957) showed that
1500 i.u. given every weck, or 3000 i.u. given every third week,
results in very littlce formetion of antibodies in cattlec (trcatment
for about three months). Polgc and Rowson (1973) rcported that
gonadotrophic stimulation of pigs at each of threce scquential
oestrous cycles did not produce a refractory condition in these
animals and no evidence of anti-gonadotrophins was obtained.

In conclusion, it appears that thc injection of sheep over
a short space of time (2 ocstrous cycle lengths separating threc
injections : 34 days) is unlikely to produce serological anti-

bodies against P.M.S.G. Thc present study ratifies this statcment.

Follicular Dynamics of the Ovary

Discussion in this scction relates primarily to rcsults
obtained in Zxpceriment 3 and ceals with observations on follicular
dynamics in the ovaries of ewes sequentially treated with 2.M.S5.G.

The choice of Day 10 as a reference point to monitor follicle
development could have an important bearing on any conclusions
drawn from obsecrvations that werce made. If the patterm of growth
suggested by Smeaton and Robertson (1971) is accepted, then the
time of observation would have coincided with the waning of the
second wave of follicular growtihr and thec beginning of the third
(sec Chapter 1). If Branc and de Jong (1973) have revealed a more
likely pattern of follicular growth, then the observations would
have becnt made after the first wave and mid-way during the wave
that terminated in ovulation. In this latter case observations
would have given some incication of follicles that would respond

to gonadotrophic stimulation 2 days after observation (Day 12 of
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the oestrous cycle). Brand and de Jong killed 39 cwes ot
diffcrent stages of the oestrous cycle and studied microscopic
changes in folliclecs, accounting for follicular atresia. &neeton
and Robertson injected Indian ink inte follicles and followed
development in 2 muck smaliler number of ewes. The work of Brand
end ce Jong is probably more informative than that of Smeaton and
sobertson because of the more sophisticated techniques and the
larger numbcers of ewes cmployed by the former authors.

It hes becen shown that therc was very little difference in
the totel number of corpora lutea plus follicles greater than 1 mm.
when ewes treated with 2.}.S.G. (once, twicc or three times) arc
compared with control animals (Takle 4-8). In ewes superovulated
once, about half cf this compocite fipgure is accountced for by tac
count of corpora lutca., In thec appropriate control animals, thc
figurc is mainly ¢crived from a count of follicles. 4Lpparcntly,
thc injectiorn of T.R.S.G¢ was able to ovulate follicles that were
analogous to those obscrved on the surface of ovarics in the control
animals. Howcever, the injection must have stimulated extra
follicle growth as well sincc tiie total number of follicles seen
in treatcd ewes was not significently cdiffcrent from the number
in control cwes (Table 6-1).

In animzls stimulated 2 scecond and third time, ovulation rates
were not significantly greater than thosc of control enimals,
indicating that 2 refractory condition had been attained., Neither

did the count of corpora lutea plus follicles greater than 1 mm.



diffcr betwecen control and trcated animals at these two
observations. The first injection scems to stimulate ovulating
and non-ovulating follicles. The latter are enlarged by the
gonadotrophic stimulation and then become atretic. .4t the second
and third injections necither ovulating follicles nor non=-ovulating
follicles werc stimulated by the gonadotrophin, The follicle
stimulatory action of *.M.S.G. seems to have become ineffcctive

as well as the ovulatory capacity.

ilthough P.M.S.G. is often thought of an an F.S.H.-1like
hormone, it may also displey properties similar to L.H. Lamond
(1959) and Schmidt-Emendorf et 21. (1962) have suggested thet
approximately one—third of the endocrinological action of P.R.S.G.
mey be L.H.~like. It is not known to what extent the L.®. fraction
of a % M.S.G. preparation may contribute to the superovulatory
rcsponse of ewes. However, there is evidence to suggest that the }
cxogenous gonadotrophin may exert an c¢ffect on the pituitary gland |
and thus thc ovulatory cepacity may not be by direct influcnce on
the ovary. This mediation of response via the pituitary will be
discussed in more detail 1later.

Infercnce from the data presented in Tables 6-1 to 6-4 is
difficult. Error mean squares (EMS) for comparisons involving
surface folliclec counts arc large and thus, large standard errors
are associnted with the trecatment group means. This indicates
extreme between—animal-within group variation and has hcen
encountcred by other authors (c.g. Brand and de Jong, 1973) when
mezsuring similar variates. These large standard errors make

comperisons between trcatment groups unlikely to be of statistical
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significance. The likelihood of apparent recal differences between
groups is further acecreesed by the small numbers of animels per
group that were on somc 0f the treatments. For these statisticael
rcasons, any real trends in Fig. 5-1 are of little significance.

From Fig. 6-1 there is some suggestion that treated cwes
consistently show follicles in the 'large size' category to bc a
lesser proportion of the total follicular population then they arc
in the control ewcs. This trend is not statistically significant.
Zven if the number of large follicles per ovary is slightly
diminished in trcatced cwes tihais is of little import to the
development of a rcecfractory condition. There are still follicles
prcsent on the ovaries that would be capable of responding to
gonadotrophic stimulation. Smeaton and Robertson (1971) show thct
follicles of epprox. 2 wmm. in diamecter may grow rapicdly over the
lest 36-40 hours before ovulation. Gonadotrcephins should thercfore
be able to cnhance the growth of such follicles. Refraétorinoss
secems to be the inability of the exogenous gonadotrophin to
stimulate such folliclcs.

/111 relationships between ovarien surface data and estimated
total ovarian activity werc found to be statistically not-
significant. It therefore appears as though infcrence from rcsults
on surfacc follicular date arc not rcpresentative of total ovarian
activity. Land (1973) has recently presented evidence which
suggests that thc number of follicles destined to ovulete from
ewe ovaries is not cdeterminced until within 3 days before
ovulation., HMaybe thc obscrvations of the present stucdy were

madc too early to give informative indications of the imminecnt
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effect of a gonadotrophic stimulation on the follicles observead
at Day 10. This suggestion is supported by the fact thet
ovulation rates were very rarcly and inconsistently related to
the obscrvations made on Day 10 of the cycle (Tables 6-5 and 6-G).
Cross-sectional and histological obscrvations mey be more
informative than the surface folliculer data,

Elimination of the proportion of antral folliclcs that were
etretic accounted for a very important unknown from the cstimations
of total ovarian activity., The proportion of atretic follicles
that were included in surface counts was not known and for this
rcason, estimated total number of normal follicles per ovary is
probably a more eccurate asscssment of overian follicular status.
The percentage of follicles in the ovaries of control cewes tlat
were classced as being atretic comparccd agreeably with observations
of Brand and de Jong (1973). This is encouraging as the asscssment
of atresia mey often suffer from the subjective nature of descrimin-
ations between normal end atretic follicles. The early stages of
atresia arc difficult to discern (Ingram 1962). Brand and dec Jong
were able to usce morc elaborate methods to differcntiate between
normal and atretic follicles as they scctioned each follicle
serially. This was not done in the present study wherc samples
were drawn from many ovaries and the state of a single follicle
was assessed from only on¢ microscopic section per ovary, although
criteria of follicle atresiaz were basically similar to those used
Dy Brand and de Jong. It is debatable whether serial section of a
small number of ovaries is more informetive than limited sectioning

of a larger number.



83

The proportion of antral folliclcs thet were atretic was
larger in animals given onc injection than in animals on other
treatments of Experiment 3. Tho number of normal follicles of
cwes in this group was thus lowered to beccome significantly less
than for cwes on the other threc treatments. iithough ewes treated
oncc with F.hM.5.G. had significantly greater numbers of fcllicles >
3 mn. (Tablc G-4) when comparcd with ewes treated two or three
times, the majority of these follicles werc probably atretic.

The low numboer of nommal antral follicles obscrved in the
ovarics of cwes treated oncce with P.M.8.G. may be of pertincnce to
the development of =z refractory condition. These ewes had similar
numbers of antral follicles to cwes trecated two or threc times
(Tablc 8-~7) but a larger proportion were atretic. The atretic
follicles werc likely to have been stimulated by the previous
injection and have persisted to the point of obscrvation. Their
persistence may impair the growth of smaller, 'healthier' follicles
which would bec capable of responding to a further injection of
gonadotrophin. Grecnwald (1963) has surmiscd that the persistcnce
of such folliclcs might increase steroid production which would in
turn decrease the relcase of endogenous gonacdotrophin. If P.M.S.G.
acts synergisticelly with cndogenours gonadotrophin (sec Chapter 1)
then it's action could be impaircd by this sequence of events.
Furthermore, the ovary at this point is supporting corpora lutea
and persistent follicles.: Stimulation with P.M.5.G. 2 days after
observation may not be effective becausc normal follicles have
little space in which to grow. Hulet and Foote (1969) have
indicated that scquential P.M.S.G. trcatment may havc a lutco-

trophic effcect and if this caused persistence of corpora lutes,
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the ovary may be less scnsitive to gonadotrophins on two counts;
hormonal status of the animel (high circulating levels of
progesteronc) and persistcnce of corpora lutea which may absorb
the blood supply of L.H. (or P.M.S.G.) and inhibit follicular
growth.

Suggestions in the iast peragraph are unsubstantiated by any
convincing experimental evidence but should be considered by any
workers who further investigate the refractoriness of ewes to
P.M.S.G. The state of the ovaries in ewes over the oestrous
cycle subsequent to P.M.S.G. injcction has not been studied in
detail. Such a study could utilisc laparoscopic techniques and
would be valuable in trying to asscss the effects of gonadotrophic
stimulation. The rclationships bctween endocrine status of cwes
and concomitant changes in follicle growth have not been studied
and much informaticon on thesc related events is required before
2 true understanding of thc pattern of follicular growth in cwes

is obtained.

General Discussion on refractoriness to P.M.S5.G.

It has been shown that refractoriness is rapidly attained
and much lower ovulation rates will be achieved by a second
injection of P.M.S.G., given one cycle after the first., Anti-
gonadotrophic activity is unlikely to account for this rapid
decline in response, probably becausc of a lack of time for the
establishment of an immune reaction and also because of the
insufficient quantity of antigen injected.

The most prominent result obtained in a study of ovarien

follicular development was that a significantly lower number of
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normal follicles per ovary arc obscrved 10 days after supcrovulatcry
response to one injection of P.M.S.G. comparcd to the number in
2nimals on all other treatmcents. Lower ovuletion rates in response
to a2 sccond injection of Z.M.S.Gs arc likely to be duc to this
lowcred number of normeal antral follicles that arc potentially able
to respond to gonadotrophin, However, an apparent restoration of
the follicular population causcd the estimated number of normal
follicles in ovarics of cwcs stimulaoted a second and third time

not to differ from similar counts in the ovaries of control
animals., The lack of normal, potcntially cvulating, antreal
follicles is thercforc unlikely to be a persistent causal factor

of rcfractorincss.

Obscrvation at Day 10 of the sccond cycle (following a second
injection) suggests that ovarian follicular populations havc been
rcestored and yet thce third stimulation does not procduce cffective
supcrovulation. It is at this point that o third factor is
suggested as likely to cause refractoriness. A review of literature
on the mode of ection of P.li.S.G. is outlined in Chepter Cnc and
it is apparcnt that P.M.S.G. may have a direct effect on the
pituitary by eliciting the relcasc of endogenous gonadotrophin.
This ecvidence hes mainly beon gained from polytocous animals (e.g.
mice) but therc is now somec suggestion of similar effects in
shecp (monotocous). Pigon et al. (1960) have shown that chronic
trcatment of ewes with P.M.3.G. will markedly lower thc pituitary
L.H. content of such animals. The incrcasing prevalence of owes
becoming anovular, and the increcasing incidence of cystic and

persistent luteinised follicles, in ewes treated sequentially
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with P.M,.S.G. further suggests that the L.H. supplics of these
animals arc becoming cxhaustec. The L.H.-like moeity of ?.M.S.G.
does not scem able to cxert an ovulatory cffect in scquentially
treated cewes anc it may be taat this fraction of the cxogenous
hormone acts synergistically with cndogenous gonadotrophin,

whichi would be releasea on ccministration of F.IL5.G.

Folge and Rowson (1973) have recently reporied that pigs will
not become refractory to gonadotrophic stimulation if P.il.S.G. is
uscd in conjunction with H.C.G., over threc ocstrous cycles.
4Hlthough there may be important differcnces between polytocous and
monotocous animals, this observation of Polge and Rowson (19573)
may have importent implications with respcct %o the development of
ovarian refrnctoriness in cwes., Varied results have becen obtained
with the use of H.C.G. in owes but Hunt et al. (1971) have showm
good responses with purified F.S.Hd. and L.H. extracts. It is
suggested that thesc results should be examined in greater detail
in an effort to sce whether such hormonal techniques would help Lo
overcome rcfractoriness in ewes.

If refractoriness obscrved in ewes trecated with P.M.S.Ge. over
threc oestrous cycles is related to the depletion of cndogcnous
L.H., a hypothesis of the chain of events which causcs the
condition could be proposed. The condition may be precipitated
by an initial exhaustion of normel antral follicles which would
rcduce response to a second injection. However, due to scquential
treatment, L.H. rescrves (pituitary) may also become depleted so
that when follicular populations are restored (i.c. at the second

observation in Experiment 3) the ovaries arc unable to respond to
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further stimuletion becausc of a lack of L.H. to enhence the
effcct of the exogenous hormonc.

The staggering of supcrovulatory doscs was scen to partially
overcome refractorinesse This may be explained with rcfereince to
the proposal in the prececding paragraph. With a space of cne
ocstrous cycle between injections, follicular populations have a
sufficient period of time to bc restored and atretic or cystic
follicles would be given timc to regress. Furthermore, pituitery
reserves of L.He. could be replenished without any exogencus
interference. A second injection of gonadotrophin is thus able to
restimulatce the ovarics to superovulatory rcesponscs.

Further work on the devclopment of a refractory conditicn in
ewes treated with P.M.S.G. over a short period is probably
Jjustified. If thc condition werc overcome, the short term yields
of largc numbers of ova could be pessible from a small number of
cwese It is unlikely thot anti—-gonadotrophic factors are
responsible for the condition and limited information woulcd bc
obtained from studics on follicular status of such ewes until
further work is donc on animals in the normal statc. Investigation
of endogenous L.H. deplction scems a promising line ef study. It
should be established whether such a depletion does occur with
short term treatment. It may then be feasible to rectify the

condition by supplementation with reliable L.H. extracts.
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APPENDIX I

RAY DATA : MEANS AND R/NGES OF OV.RI/AN RESFONSE DATA (ZXFZRIMENT 1)

GROUP CORPORA LUTEA : CORPORA LUTEA + FOLLICLES

MEAN NUMBER/ 7/E (AND RANGE) >3 mm. : MELN NUMBER/ EWE

(/AND RANGE)

L1 1.8 (0-10) 8.7 K1=11)
L2 6.1 (1-12) 7.8 (2-12)
L3 5.6 (0-20) 9.6 (2-20)
L4 4,9 (0-18) 9.6 (2-29)
H1 0.9 (0-3) 2.7 (1-18)
H2 7.4 (0-10) 9.4 (0-18)
H3 2.0 (0-12) 16.0 (9-20)
H4 9.6 (1,36) 13.0 (5-40)

CC 1.1 (i-2) 2.6 (1-4)




APPENDIX_IT

BARTLETT'S TEST FOR_HOMOGENEITY OF VARIANCE OF OVULATION RATE DATA
(EXPERIMENT 1)

a. Raw Qth
A F . .2 2
Group D.F. Variancec S Coded 3 Log coded S
(n-1)
L1 9 9.070 80.70 1.95751
L2 3 15,027 150,27 2.1769¢
L3 7 51,337 513,87 2.71079
L4 8 29.112 291.12 2.46404
H1 8 0.861 3.51 0,93505
H2 3 37.528 375.28 2.57438
H3 5] 1.143 211.43 2.32531
J4 8 127,500 1275. 50 3.105561
2
D.F. = 7 Chi® = 39.7535%*

The variance is significantly heterogencous

b, Transformed dqﬁg?

Group D.r. Variance S2 Codcd Sz Log coded 82
(n-1)
L1 9 0.4862 48.62 1,.6868
L2 3 0.7219 72.19 1.8585
L3 7 2.0776 207 .76 2.3175
L4 8 0.8465 94,65 1.7961
i1 8 0.1083 10,33 1.0346
H2 8 0,9507 95.07 1.9780
H3 6 1.1077 110.77 2.0322
4 8 2,2244 222,44 2.3471
DFs =0 chi® = 17.8210%* (0.05< P£ 0.01)

Vaeriancc approaches homogeneity.

AL Group abbreviations arc described in Chapter II.
B Data transformed te./x+1.

* p<0.05
¥* p<0.01



APPENDIX III

STUDENT-NEWMAN-KEULS TSST TO COMPARE MEANS ¢ OVUL.ATION RATE,
SXFERIMENT 1

1. Diffcrences between mecans when thesc means ere ranked from
smallest to largest

rank 1 2 3 4
Mcan 14.612 18,416 25.807 26.436
No./group 19 15 18 18
Group 1 3 4 2
Rank Mean No./group  Gioup
1 14,612 19 1 =
A
2 18.416 15 3 3.084 -
< 25,807 18 4 11,195 7.391 -
4 26,436 18 2 11.824 8.020 0.629 -
M.S. = 109.4343 15N = .
within ded hEs within toss1
Degreces of freedom = 62 Use D.F. = 60

2. By consulting a table giving the critical values of the
Studentized range the following tablc may be drawn up
B

K = 2 3 4
10(k,60)
/M.S. . . : =24.719 30.954 34.647
®*within Q- 100k,60) 4
= . 3.3 3. 37
Qo.os(k,eo) efazo 99 7
/M.S. ; =29. 35.557 39,093
WS s biin Qo.os(k,eo) OaSIE :
= BE .282 14595
Qo.o1(k,60) 3eimez e
Ma . Q =3 ° 3 44. 794 48- 068
V¥Be s thin %0.01(kc,60) =39+3%¢

3. For a diffcrence between means to be significant at the<etlevel
of significance it must be ecqual to or greater than:-

LSsa = Q;>L n, + n
(k’eoz/M.S'WithLJ 1

2n1 n2

D
2

Difference between means

k = 1+ difference in ranks of two means.

QO 10(k ,60) = Value from studentized range for k items when the
¢ Y error variance has 60 degrees of freedom. 0,01
refers to a test being carried out at the 10% level of significance.

D nl and n2 are the sample sizes of the two means.



4, Using the ¢ values from thc above table the following ranges
may be computed:-
a. 10% level of significance

s 34.647 x 6.0828
- 26. 155

B
8.058 (sign)

L

LSR

LSR = 30,954 x 6,0828
26,155

= 7.199 (sign)

LSR = 24,719 x 5.831
L= 23,875

= 6,037 (N.s.)C
LSR = 30,954 x 5.745
2 23.2379

LSR = 24,7193 x 5,745
23,2379

=  6.111 (sign)

LSR = 24,719 x 1
4,243

5,826 (N.S.)

b. 5% level of significance (testing only those ranges

which were
LSRI__)4 i 9.092 (sign) significant at P 0.10)
= 8.269
LSRl__)3 (sign)
= 8.790 S,
LSRZ—a4 7 (N.S.)
I..SRZ_‘)3 = 74316 (sign)
A LSRI_’4 = Least significant range for comparing means with

ranks of 1 and 4 (Notc this is not comparing trcatments 1 and 4.
B Indicates that thesc two means are significantly different at
this level of significance, i.e. the difference between the
means is greater than the LSR.
C Indicates that these two means are not significantly different
at this level of significance, i.e. the difference betwecen the

means is less than the LSR.



c. 1% level of significance (only testing those

ranges which were significant at P< 0,05)

&
2]
[}

11.176 (sign)

1=4
LSR1-;3 = 10.043 (sign)
= -2’ el e
LSR, 44 9.728 (N.S.)

5. 4 teble indicating the difference between means may now be

constructed: -
Ranks of the mecan group difference significance of
pairs pairs of means mean difference
1 and 4 1 and 2 11.824 P<£O,01
} and 3 1 and 4 11.195 P<0,01
1 and 2 1 and 3 3.804 P>»0.10
2 and 4 2 and 3 8.020 P<O,10
2 and 3 2 and 4 7.391 P<0,05
3 and 4 4 and 2 0.629 P>0.10

If comparison of means was not significant at the 5% level then
means were said not to be significantly different. However those
which fell into the P 0.10 category were reported as N.S.

(P¢0.10), and those of PK 0,10 were reported as N.S.



MEAN UTERIN

Ao i
Wil

APPENDIX 1V

IGHTS sAHID STANDARD ZRRORS FOR MOUSE GROUPS OF

BIOLOGICAL INHIBITION TZST (EXPCRIMENT 2)

STD.ERROR) *

MOUSE_GROUP SHHEP GROUP MEAN (%
Uninjected - B6e51 (4 15:07)
P.M.S.G. Alonc : i.u. - 163,60 (+ 4.99)
P M.8.G. Alone : 0,25 i.u. - 137.60 (+ 5.00)
1.0 i.u. P.M.S.G. + plasma L1 162.98 (4 5.09)
" " i L2 159.73 (4 4.99)
" " " L3 167.05 (+ 4498)
" " " L4 165.55 (+ 4.91)
" " " H1 159.87 (_': 5.02)
" " " H2 159.93 (+ 4.99)
" " " H3 159.95 (+ 5.02)
" " " H4 160,46 (+ 5.00)
" " " cc 161.39 (+ 4.99)
" " " 500 i.u. P.M.S.G, 84427 (4 4.99)
" " ¥ 500 i.u. P.M.S.G.
+ adjuvant 137.60 (* 4.99)
) " " 1000 i.u. P.M.S.G. 106.35 (+ 4.98)
" o " 1000 i,u. P.M.S.G.
+ adjuvant 146,06 (+ 4499)
0.25 i.u. P.M.S.G. + plasma L1 Togge ((E Rape)
" " " L2 151,53 (+ 5.,02)
" " i L3 150,93 (+ 4.98)
" " " L4 143,55 (+ 4.99)
" " " H1 137.86 (& 5.00)
" " " H2 131,72 (+ 5.07)
" T " H3 127.09 (+ 4.99)
" " " H4 137.50 (+ 5.00)
" " " cc 150.14 (+ 4.07)

* Transformed data ; transformation

log (X + 1.1) x 100.



APPENDIX V

RELATIONSHIP BETWEZN ESTIM:..TCD TOTAL OV.RIALN FOLLICULL.R DEVELOPMENT

AND OVAI

dhdb.

IAN SURF/.CE OBSZSRVATIONS (EXPERIMENT 3)

RELATIONSHIP TESTED

REGRESSION ST/.NDARD

CROSS SECTIONAL VS SURFALCE COEFFICIENT ERROR t P

COUNTS OBSERVATION

LIZFT OVARY

ANTRAL FCLLICLES vs C.L. 0.17 0,41 0.41 N,S.
vs Sm, Fol. 0.26 0,25 1,04 N.S.
vs Med. Fol, 0.06 0.21 0.29 N.S.
vs Lge. Fol. 0,31 0.41 0.76 N.S.
vs 411 Fol. 0.13 0. 16 0.81 N.S.
vs C.,L. + Fol. 0.18 0.18 1,00 N.S.

NORMLL ANTRAL vs C.L. -0,12 0,09 1,33 N.S.

PORIICLES vs Sm. Fol. 0.09 0,05 1,80 N.S.
vs Med. Fol. -0.04 0.06 0,66 N.S.
vs Lge. Fol. 0.04 0, 11 0, 36 N.S.
vs All Fol. 0.04 0,05 0.80 N.S.
vs C.L. + Fol. 0,02 0.05 0,40 N.S.

RIGHT OV..RY

ANTRLL FOLLICLES vs C.L. 0.48 0,68 0,70 N.S.
vs Sm. Fol. 0.19 G.43 0.,44 N.S.
vs Med. Fol. 0.07 0.34 0«21 N.S.
vs Lge. Fol. 0.68 0,69 0.98 N.S.
vs All Fol. 0,13 0,27 0.48 N.S.
vs C.L. + Fol. 0.22 0.30 0.73 N.S.

NORMAL ANTRAL vs C.L, -0.27 0.67 0,40 N.S.

FOLLICLES vs Sme. Fol. 1.11 0.32 347 N.S.
vs Med. Fol. 0.21 0.47 0,45 N,S.
vs Lge. Fol, -0,32 0,82 0.39 N,S.
vs All Fol, 0.72 0.33 2.18 N.s.
vs C.L. + Fol, 0.66 0,34 1,94 N.S.
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