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ABSTP..ACT 

A series of experiments investigated the nature and causes of 

ovarian refractoriness in ewes sequentially treated with Pregnant 

Mare's Serum Gonadotrophin (P.I'vl.S.G. ) . 70 ewes were subjected to 

the following treatments over 3 oestrous cycles of the 1972 

breeding season:- 1. Injected with P.M.S. G. at each of 3 cycles 

(cycles 112 and 3); 

2. 1\vo injections of P.M.S.G. (at cycles 1 and 3) 

separated by a normal oestrous cycle; 

3. Injected with P.M.S.G. at two successivG 

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.r�i.S.G. 

and 9 ewes acted as an uninjected control group. The ev!es 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 

refractory to a second 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 ewes for evidence of anti-gonadotrophins. Although 

such factors were not detected in the blood of these ewes, the 

test did reveal antibody production against P.M.S.G. in the plasma 

of a further group of ewes which hcd been chronically treated with 

the hormone for 6 weeks. It was concluded that ovarian refractori­

ness, which is rapidly attained in sequentially trented ewes, is 
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not duo to the development of serol ogical antibodies against the 

exogenous gonadotrophin, 

Another experiment 1 carried out ea rly in the 1973 breeding 

season, investigated ovaric-,n fol l ic l e  development in 30 ewes which 

V/Gre soquential l y  treated with P.M.S.G, fo r up to 3 oestrous cycl es. 

Ewes were l aparotomiscd or kil led on Day 10 of t he oestrous cycles 

f o l lowing treatment an d measurements on f o l l icl e development wore 

tr:,ken. !. group of contro l ev1es were observed nt a s im i l ar timo to 

the treated ewes. 

Counts on ovar ian surface fol l ic l e s  dif fered l i tt l e  between 

treated and control ev1cs, at each o f  the observat ions. However, the 

ovaries of s l aughtered ewes were sectioned to al l ow estimation o f  

total ovarian fol l i cu l nr popu l ntion s and t o  make some a s s es sment o f  

fol l icu lar atres ia. Zwcs sl aughtered after 1 injection o f  P,fi1.S. G, 

had lower numbers of normal nntral f o l l ic l es per ovary then did 

control ewes or ewes observed at simi l ar t imes after 2 or 3 

injections. 

It wes suggested that exhaustion of ovarian fo l l icu l ar 

popu l ations may prec i p itate a refracto ry condition but that this 

condition pers i st s  because of an endogenous hormonal imbal ance. 

�urther work shou l d  be done to investigate this l atter possibil ity. 
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11
Tho t t 

· 
ou s and1ng deficiency of the Now Zealand 

nheep is low reproductive rate and yet it is 

in this aspect that a groat potential exists.
" 

(Coop, 1972 ) 

Pregnant Mare's Serum (P.M.S,) as a source of gonadotrophin is 

of potential value for increasing the reproductive rate of sheep. 

Superovulation with this hormone preparation makes rapid proliferation 

ol a small number of animals possible. The overall efficiency of this 

treatment may be facilitated by ovma transfer. 

Studies in New Zealand have shmm Pregnant Mare's Serum 

Gonadotrophin (P.M.S.G.) capable of increasing litter size of the 

Romney owe (Vfallace, 1954; Larsen, 1971) .  However, the largo litters 

produced after gonadotrophic stimulation are most susceptible to pro-

natal loss than those of normal size (Cumming, 1965 )  and the ability 

of P.M.S.G. to effectively increase fecundity in the ewe is thus 

limited. To realise the full reproductive potential of the ewe, 

fertile ova from superovulated animals may be transferred to a number 

of recipient ewes for development. This would avoid the problem of 

uterine overcrowding. 

;;a th the introduction of 
"

exotic
" 

breeds of sheep into New 

Zealand, rapid multiplication of the small number imported would 

aid efficient dispersal of their influence throughout the country 

and hence, offer desirable characteristics to the national flock. 
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To obtain l arge numbers of offspring from the few parent individuals, 

" . " 
the exot1c e\"'IGs cou ld be superovulated and mated to rams of the 

same breed. As this system wou ld predispose to loss of whole litters 

in the pro-natal stages, it may be more desirahlo to transfer fertile 

ova frori1 the superovulated 
.,, 

cxotics
" 

to ewes of o more cor.uuon bread. 

This type of operation has been suggested by C larkc ( 197 3 ) .  

If donor ewes wore able to be superovu l�ted et successi ve 

oestrous cycles, the number of ova �vai lr-ble for transfer could be 

incro::sed thus onhnncing the efficiency of mu ltipl ication p rocedures. 

l .. lthough so(luential superovulntions wou ld be dosi rab l e, such treat-

ments nro not feasible. �ith increasin� numbers of P . M. S . O • . treatlilents, 

owes bccolile progressi vely loss responsive to the injected horlilone. 

Tho r.oduced ovu lation rutec obtained Yli th ::;equontinl gonadotrophic 

stimulations is referred to as 
"

rofractorincss
" 

in response to the 

exogenous hornon e. The development of a refractory cond ition of the 

ovo.ry with administration of a protein horri1one (e. g. P.M.S.G.), may 

be duo to the production of sorol ogicnl [mtibodios ugc.inst tho hormone 

molecules. However, other explanations inc lude l oss of sensiti?ity 

oi' tho ovc.ries, oxho.ustion of nature fol l icles, or nn endogenous 

�ori!!oncl imb2..l::-.nce being augmented by largz n.-:Jounts of exogenous 

GOnc-.dC't rophin. 

If the factors rasponsible for refrnctoriness to P.M.S.G. were 

overcome, th0n sequentinl treatr.1ent of ewos could bocome feasiblu 

o..nd the yield of ova over a short peri od of· time would be potentic. l ly 

l�rger. TI1is project was desi gned to elucidate causes of refractori-

ness in ewes sequontinl ly treated w i th P.M.S .G. nnd methods of ovor-

coming the condition were sought. 
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CHAPTER I 

REVIEW OF LIT:3RATURE 

The indication, by Cole and ·i�•iillcr (1933), tho.t P.M.S • .  

augmented the rnt�nifcstation of oestruo in anoestrous ewes, created 

c. widGspread interest in the hormone preparation cs a source of 

gonadotrophin. Since this observation, P.M.S.G. has been utilised 

both for the induction of oestrus and ovulation in anoestrous 

animals end the superovulation of cyclic animals • . Extensive use of 

P.M.S. o.s a laboratory source of Follicle Stimulating H ormone (F.S.H.)­

likc activity ho.s o.lso contributed to knowledge on the preparation's 

physiological and biochemical properties. LiteraturG related to the 

use of P.M.S.G. in domestic o.nimcls is reviewed below. The present 

state of knowledge on the gonadotrophin's mode of action is o.lso 

considered. 

By virtue of their protein moeity, gonadotrophins become 

effective antigens when injected into heterologous species. P.Ivi.S.G. 

conforms to this pattern end the review presented in this chapter 

embodies a consideration of antibody formation o.gainst this molecule. 

h resum� of information available on Biological Inhibition Tests, 

used to detect anti-gonadotrophins, ia also pertinent to this study. 

Finally, the incomplete knowledge of sheep ovurian follicular 

dynamics will be reviewed. 
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Pregnant� Serum�Gonadotrophin 

The capacity of P.M.s.G. to exhibit F.S.H.-like activity in 

sheep has been reported in many studies. Efforts have been diroctod 

towards its use in:-

- Inducing out of season breeding, being used alone (Cole � �· 1 

1945; Robinson, 1950) or in conjoction with progostngens (Dutt, 1953 ; 

�obinson, 1954; McDonald, 1961; Gordon, 1958b; 1963b; 1972; Roborts 

and �dgar, 1966): 

- Augm�:::nting fecundity during the breeding season (Robinson, 

1951; :Jallace, 1954; Gordon, 1£l58a; 1963a; Gumming and McDonald, 19G7; 

Ne>rton � �·, 1971; Tempest and Bo nz, 1970; Bindon _s! E:.!_. 1 1971; 

Hunt e!, p..l. 1 1971): 

Endocrino logical studios, utilisin5 its F. S . H.-like properties 

(Short .£! !'8-.· 1 1963; McCrackon 2,! �· 1 1969; Hunt � al. 1 1971): 

-Production of ova for transplantation to foster 'recipients' 

followine; f ertilizat ion in the 'donor' (A.vcri ll and Rowson, 1959: 

La:::-son, 1971) and for studies on the in vitro fertilization and 

culture of ova (Moor and Cragle, 1971). 

Notwithstanding the vo.lue of P.IVi.S. as a source of experimental 

gonndotrophin, the hormone also has practical value ns a supcrovu!L'.tory 

hormone (Gordon1 1963Q; 1972; Findlay and Vaughn, 1964; McDonald, 

1966; �obinson1 1967c). Gordon (1969) has pointed out the practical 

diffi cu lties in the u se of the hormone at the ferm level. 

Superovulatory responses to P.M.S.G. in sheep hnvc been recorded 

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.S.G., most workers (Robinson, 1951; Wallaca, 1954; Averill;. 

1953; Larsen, 1971) report marked variation of ovarian response in 

indivicual animals. This effect is greater at higher doses. 

Response becomes progressively less �ith increasing doses (Averill1 

1958) nnd falls off above some critical value (Robinson, 1951). The 

incidence of cystic and luteinised follicles increases with dose 

level (Robinson, 1951 and Larsen, 1971). 

Hammond .£.! !:!· ( 1942) and Moore and Shel ton ( 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 �orkers could not achieve linearity of response with P.M.S.G. 

Yiallace (1954)1Holst (1969) and Bindon £!_ !:.!.· (1971) reported a 

relationship between P.M.S.G . dose level and the number of corpora 

lutea 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, produced larger standard errors associated with the 

mean response than when ovulation rate was considered alone (Lnrsen, 

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 plu.s 'persistent' follicles. 
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To counteract differences in response recorded by individual 

workers in different environments, Averill (1958) suggested the use 

of regression analysis, when drav.ring comparisons. The slope of the 

response lino would then offer a com<:�on denominator for all trials. 

Hecc:mtly, Hunt �!:l.· (1971) have noted a better ovarian 

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

preference to P.b.S.G. for superovulating sheep. 

1. Breed 

Factors _l'>.ffecting Response to 

Preg::1ant f{are' s Serum G�adotrophin 

Some of the discrepancies between results obtained by different 

authors (sec Fig. 1-1) in owe response to P.M.S.G. may be resolved 

when breed differences, or differences in inherent fecundity, are 

taken li<to nccount. Robinson (1951) used broods of a higher natural 

fecundity (natural ovulation rnte of 1.4-1.9) than did 'ilallace ( 1954) 

(1.13-1.17) and produced a steeper curve than the latter. 

McDonald and Ch'ang (1966) found differences in ovulation rates 

betv1een normal owes of the same strain when they were exposed to 

different environments. Using P.h.S.G., Braden .s,! !:.!· (1960) showed 

diffexential responses between ewes of the same breed which were 

obtained from different sources. '.lallnce ( 1954) has described a 

simile.r effect when treating Romnoy ev:es of different strains. 

The finding that breeds of an inherently higher fecundity will 

respond better to superovulation is borne out by the work of Bradford 

� 21· (1971) yet Bindon £! �· (1970) have found that ewes of a 

higher natural ovulation rate may need higher doses of P.M.S.G. to 
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effect maximal superovulation, than ewes of comparatively lower 

fecundity • .  

2. Liveweight end Nutrition 

Hnmmond (1952) postulGteG that high plane feeding of ewes 

produced more follicles with an antrum than did low plo.ne feeding. 

The influence of livewei�lt on ovarian activity has subsequently 

been verified (Coop, 1966; Allison, 1968). However, 'iiellace (1954) 

found increased nutrition, resulting in elevated liveweight 

(flushing), to hcve little effect on ewe ovulatory response t o  

P. M.S.G. The increase in ovulation rate,. effected by the: hormone, 

was notoo on all planes of nutrition but was larger in ewes on 

a sub-maintenance diet than fo r flushed ewes (Allen and Lamcing, 

1961). In agreement with these latter authors, Lomond (1963) noted 

that administration of P. M. G. G. may compensate for nutrient 

deficiencies on low planes of nutrition, Lnmond also presented 

tentative evidence that, for ewes suffering from undernutrition, 

responses to gonadotrophin may be more closely aligned to bodyweight. 

Recent work (Newton £1 �· 1 1970; Bradford � �· , 1971) 

indicates little evidence of a relationship between liveweight of 

the ewe and the ovulatory response to P.M.S.G. Tait (1971) showed 

no evidence of an interaction between response to P.M.S.G. and 

nutritional levels when consic1ering number of lambs born per ewe. 

!l.llison ( 1973) and Eastvmod ( 1973) reported that ewes fed on a high 

plane of nutrition (higher liveweight) showed a better ovarian 

response to P.M.S.G. than those on a low plane of nutrition (lower 

liveweight) but the differences were statistically not significant 

in both casca. 
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The fasting of heif ers after a low plane of nutrit ion will 

cnuse n decrease in ovulation response to P.M.S.G. but will not do 

so aft er n high plane of nutrit ion. Fast ing also lends to a greater 

voriet ion in the heifer ' s response t o  the hormone ( Lamond1 1970) . 

Breed and inherent focundity thus seem more likely t o  cause 

differences in response to P . M . S . G. t han d i f ferences in liveweigh t . 

3. Sanson of hdmini s t rat ion 

3onsonol di fferences in the inciconce of mult iple ovulat ions in 

owes have been notee by Radford (Hi59). l'ilcDonald nnd Ch'ang (1966) 

reported a similar variat ion during the b reeding season of Romney 

ewes vhich showec negligible changes in liveweight over tho period of 

obscrvc.t ion. Those lat t er authors noted the nat ural ovulat ion rat e  

of cvms t o  rise b etween t he fi rst ::�nd thi rd oes t rous cycles of the 

brao0ing season . 

3rsden et nl. (1960) dotectec bet ter s uperovulntory responses t o  

P.�.'I.S.G. when t rcnt int;; ewes c�1rly in the b ret."ding senoon in preforence 

to t rcnt ment lat e in cnoest rous . Ho�cver ,  with non-sup0rovulatory 

dose:J, P.M. S . G. may induce s imilar ovcricn responses in anoes t rous 

end cyclic e\"'cs ( Laraond, 1962) . './ith Suffolk ewes , A.verill (1958) 

noted a slightly (non-signi f icant ) great er ovulatory response t o  

P . h . S . G. t reatment in t he b reeding s eason 1 corapared with progesterone­

F-.M.S. G. t reatment in the non-breeding s eason . A smell difference 

bet ween ewes superovulcted in different b reeding seasons was also 

evident end may have been d ue to the t ime of the season in whi ch  

the t reatment was imposed. 

Variations with in a season in ewe s ensitivity t o  oest rogen 

have b een recorded b y  Raesido and McDonald ( 1959) 1 Renrdon nnd 

Robins on (1961) end Gibson and Robinson (1971) .' Liveweight and 
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nut ritional s t atus affect this respons e  �!though light and 

temperature play o dominant port (Gib son and Robinson , 197 1 ) .  

I':.obinson ( 1951 ) ,  i>.vcri l l  ( 1958 ) c.nd Gordon ( 1963n ) have a l l  

reported that there is n o  differential response in ewes of 

different ages when the anim�l s  ere sup�rovuluted with P.M.S.G. 

5 .  £ay of Inject ion 

Ldmini s t rntion of P.M.S.G. between days 12 and 1 5  of the 

oest rous cycle wi l l  usunlly effect s imi lar ovulation rntes in 

e\7es (Rob inson, 1951; 1'ial lnce, 1954; Bindon � !!!.·, 1960; 

Cwmaing, 1965; Bindon � �·, 197 1; Larson, 1971 ) .  

There i s  an int eraction between F.fu.S.G. nnd proges tagens which 

affects the ovnrinn response \?hen the two hormones are used 

concurrently ( Lamond , 1964a;b ) .  Type of progestogen pret reatment 

muy influence t ime aft er t reetment at wh ich P.M.S.G. should be 

injected, for opt imal ovulation resu l t s  from the gonadot rophin, 

( Lomond 1964b; Robert s and Edgar , 1966 ) .  Hulet and Foote ( 1967 and 

1969 ) noted that P.�.s.G. t reatment on the day of termination of 

proges togen synchronisat ion, yielded lower ovulation rat es than if 

the same ewes were injected again during the fol lowing oest rous 

cycle. 

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

Whole s erum appears to offer a better response in ewes (Gordon, 

1958a) and in cows (Rowson, 1951 and Brock and Rowson, 1952) than 

freeze-dried (whol e  serum) powders. The lat ter are in turn bet t er 

than pu rified powde rs. This fact may account for some of the 
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d iff0renccs in response that are sc8n in F i g .  1 - 1 .  For examp l e , 

�obinson ( 195 1 )  usud whole scrum anc.� obt ained considerab ly l arger 

responses than 'Jnl l c.cc ( 1954 ) who used a dried p reparat ion . 

t!iodc of act ion of 

Frcl}nan t Marc ' s 3 e rum "g_onadot rophin 

Lamond ( 1964n )  s t a t ed that : 

" 
Knowl edge nbout the way whereby gonado t rophins 

r :  
act on the ovary is meagre • 

c:':ormver , with recent cdvcmccs in assay t echniques it i s  now 

easier to mon i t or hormonal f luc tuat ions � �  ( see Pant et a�. ,  

197 2 ) .  S tudy of the cndocrinology of reproduct ion is also nided by 

the use cf ovnrinn t ransplnnt s ( McCracken _£! £.!.· 1 1969 ) whi ch 

Gno.bL ::  blood f lowin f, t o  cnc1 from t ho gl 2.IlC: to be r.10ni tored in the 

con scious o.nimal . 

There are sugges t ion::; thr.: t t�w ef:c cct o f  P . L S . G . i s  mediated 

indirect ly , through the pi tui to.ry .  For exampl e  1 H.cmn e l s  e.n d 

C ' S teen ( 1967 ) exhib i t ed a. s i gnificant c1ecrea.se in pitui tary 

goncdot rophin ( L . H .  and F . S . H . ) of ro.t s t ro2.t Gd wi th this hormone. 

The d i rect respons e  of the ovary to P . i': . S . G . is di spl o.yed by the 

admin i s t rat ion of the hormone to hypophysectomised mice and rat s  

( Lnmond and �r.uncns 1 9 59 ; ? l ux o.nd Li , 1965 ) ._ Bowcvcr , ovulation 

wil l  not occur in the cbsenco of the hypothal amus (Quinn an d  

Zarrow , 1964 ; 1965 ) ,  suggesting that neuro-endocrine pathways arc 

able to mediate and enhance ovarian response to the exogenous 

gonadot rophin . S t imul a t ed fol l icles will become luteini sed 

(C0le , 1969 ) , but it i s  thought that F . M. S . G. mus t  elicit a 
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release of p i t u i t ary L . H .  before ovu lnt ion may occur (Quinn and 

Zarrm-1 , 1964 ; De La Las t re , 197 2 ) ,  L amond anc Ernnwns ( 1959 ) 

have shovm that respons es of mice gi ven P . M . S . G . are l EJ s s ened by 

hypophysectomy and suggest thnt em1ogenous L . H ,  is the l imi t ing 

factor in mous e  respon s e .  ;.dmin i s t rc-.t ion o f  H. C .  G. to such anima l s  

wi l l  enhs.nce t h e  e f f oct of :;.:-- , l::, S , G . ( Lamond anc: B inC.on , 1966) . 

;.port f :rom the ro l e  p l ayed by enclog(.mous L . ::-I . 1 in ovul atory respons e  

to ::: , I:l , S .G. 1 t h e  exogenous hormone may i t s el f con t ribut e t o  the 

lut ein i s ing of fol l ic l e s  and ovul nt ion of the same ( ':.' i l l iams 1 

19<15a ; b ) .  •·· p reparat ion of P. Ni . S . G. u s ed by Lamond ( 19 60 )  we.s 

e s t imat ed to hcvo approximately one t h i rd th e L . H .  potency of 

H . C . G . 1 ns n source o f  L . n .  and S chmi d t -Emendof f  � �· ( 1962 ) 

found c p repcrn t i on of the hor�mone t o  have an ? . S . H . /L . H .  ratio of 

2 .  10- l ike . 

To wohat ext en t  the L . H .  moc i t y  in P . M. S . G . p reparat ion s may 

cont ribut e  to t h e  L . H .  required to ovu l a t e  s t imu lated f o l l i c l e s  in 

the eYJc is not known . Bindon � �· ( 197 1 )  nnd .r'.. l l i son ( 197 3 )  have 

sugges t ed tho u s e  of hypophysectom i s ed sheep to cl arify thi s  poin t . 

P i gon .2.!_ .9.!_. ( 1960) d i scovered o decreas e in pitui t nry L . H .  

con t en t  when ewes were given P . Jiti , S .  G .  The impor t ance o f  the pre­

ovu l n t ory su rge in L . H . is YJel l  documen t ed ( see Pant £! �· 1 1972 ) .  

H ence the rel iance of supe rovu l at ion on an adequnt o  supply of 

oncogenous L. H .  i s  ea sy to imagine . I n  fact , d i f f erences in L . H .  

content s o f  circu l ct ing blood o r  p i t u i t aries o f  ewes may b e  primary 

cau s e  of d i f fe rent respons es among ewes given P . M . S , G . ( B indon 

.� �! .. 1 197 1 ) ,  
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In the owe , P . M . S . G .  wi l l  caus e  fol l icle growth in the 

nnoos t rous period ( Robinson , 1 954) nnd effect ive superovulat ion 

during the b reeding season ( Lnrsen , 1971 and many others ) .  Using 

ovnrian t ran splant s ,  Baird e!, .sl• (1968) found P. M. S . G . to caus e  

rel eas e  o f  oos t radiol- 17-Bcta from the ovary wi th a delay o f  2 +  

days f row the t ime of infusion . Th e delay before a rise in L .  ii . 1 

effected by the s ame hormon e ,  is 4 1-46 hours ( Cumming � �1 . , 1971). 

Although L . H .  infus icns wil l  increase the st eroid output o f  the 

autot ransplanted ovary (HcCro.cken .£! �· 1 1969), which could in 

turn elicit the release of endogenous L. H .  (Short , 1972) , the 

above sugge s t s  thnt P . rfl . S . G .  may i t s el f  s t imulate the di rect 

release of endogenous L . H .  f rom the pituitary . This coul d  occur 

before a r i s e  in circulat ing oestrogens and hence be a di rect 

ef fect o f  the gonadot rophin on the pituitary. Thi s  argumen-t i s  

bused o n  the fact that P . M . s . s . wi l l  produce a riso in ci rcul at ing 

l evel s o f  L . H .  before a rise in oest rogens . 

�n ovu l at ing dose of L . H .  ext ract s may ( Braden £! �· , 1 960; 

Hunt � �· 1 1 971) or may not ( Rob inson , 1951) augment a more 

efficient superovul atory response t o  P . M. S . G . in ewes . 

Greep (1973) in reviewing the state of knowled ge about 

gonadot rophins indicates that the primary site of act i on of F . S . H .  

i s  on the granul soa cel l s  o f  growing follicl e s .  �ction o f  su ch 

hormones i s  thought to be mediat ed by cycl ic A . M. P .* ( Greep , 1973). 

* 3 r -5 '  - Adeno s in e  Monophosphat e 
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Pregnant Mare ' s S erum Gonadot rophin 
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I nformat ion on t h e  chemi s t ry o f  I� . M . S , G . h a s  b een reviewed b y  

Geshwind ( 19G3 ) and ;1apkoff ( 1969 ) .  

P . M , S . G . is a mol ecul e con s i s t ing o f  pep t ide chain s , 

carbohyd rat e  and s i a l i c  acid ( Gospodurowicz ; 1972 ) .  E s t imat e s  of 

molecul ar weight have ranged from 20 1 000 ( Papkoff , 1969 ) t o  68 1 000 

(Morris , 1964 ) .  Gospodai·owi cz ( 197 2 )  decided that , with u molecu l ar 

weight o f  5 3 1 000 1 b e ing reduced and a lkylo.t ed to 23 1 000 ,  P . M . S . G .  i s  

an o l i gomeric mo lecu le composed o f  two s ub-unit s  • 

.!m,_muno l ogy  o f  

� regpunt Mo.re ' s S erum Gonadot rophin 

S oon af t e r the d i scovery of P . M .  s .  G ,  1 by Col o  and Hurt ( 1930 ) , 

S elye £! �· ( 19 34 )  detec t ed the f o rmat i on of antibodies b eing 

produced agai n s t  t h e  exogenou s gonadot rophin . lli th thi s  rea l i s a t ion 

o. large in t eres t \"IUS taken in th e fi eld of an t i-hormones . Reviews on 

the early work have b een prepared by Col l ip et !:.!· ( 1940 ) 1 Thompson 

( 194 1 ) ,  Leathem ( 1949 ) 1 nowla.nds o.nd Parkes ( 1965 ) and Wright ( 19 65 ) .  

Thompson ( 194 1 )  stated that t h e  earl y l i t era tu re seemed : -

" 
A lmos t  hopel e s s l y  confused by the number of hormones , the 

variance of thei r sources , the wide variet y  o f  test 

animal s experiment ed u�on and t h e  numb er of di f f erent 

approach es u s ed in the stud y  of the prob l em" . 
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Rowl nnds anG Park os (1965 ) deci ded that : -

" 
nesponses of animals to prolong0e: inject ion s  of 

ant erior p i t u i t ary ext ro.ct s of hct orozoic origin i s  

that t h e  hypert rophy produced init ic.l ly b y  the t a rge t  

organ i s  not mnin t a in od  ind efinit ely. U l t imat e l y  a 

s -t a t o  of phys iologica l  hypophysec t omy is rznch0d , In 

these circumstanc�s tho ovaries h ave lost their capaci t y  

t o  respond to inject ed gonado t roph in
"

. 

But refrac t oriness of the ovaries was not thought due t o  

ins cmsi t i  v i  t y  of the organ b y  other v1ork ers. Foll i cu l ar exhaust ion 

of the ovary waD excluded as L poss i b i l i ty beceus c  cn ima ls incc.pab l e  

of further response to one gonadot roph in were sensi t ive t o  

propD. :ret ion s  from other spec ies Cl af c:z .9,! al .• · 1 1964) , anC: 

:cef re.ctoriness was not soon to develop \'!hen homolosous ex t re.c t s  

v.rerc injected ( in f n c t  pro- gono.dot rophic responses were reported 

(rCatzman �t �· , 1947) � 

t l  • " 
In i t in l l y  ant ibodies to hormone s  \'lore co. l l ed ant l.-ho rmon es 

yot i t  ,_-,as not known whothe;r ant i-hormones and nn t i bod ies t o  

hormones '.'lore the sr.me (Geshvlind , 1963 ) . In fact poor correlat ions 

were observcC: bc twcon ant i-hormona l �;ctivi ty unci any chemi cal 

methods used t o  quan t i t a t e  the ext ent o f  the react ion e . g. Van Don 

Znde ( 19·11 ) .  S ome authors suppo rted the vievJ that the more pure a 

hormone preparat ion was, th e loss l ikel y  i t  was to be ant igen i c  

( Rmll £.'..11ds and P arkes, 1965 ) .  

P . M . S . G� i s  regarded as a good e�t igen when inject ed i n t o  

het orozoic speci es ( Rovl ands and :?arkes , 1965 ) .  This may be 
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nt t ribut0G t o  i t s  high content o f  peptide sub-uni t s  and i t s  

l on g  half l ife in the blood s t ream O)P..rlow 1 196 1 )  • · F o r  the l at t er 

reason n single inject ion was fotind to be us effective as 

mul t i p l e  inject ions in causing increased ovarian weight in 

immL,ture mice (Connol l 1  1965 ) .  The rat e of loss f rom the b l ood 

s t ronm appears t o  be independent of dose Lamond 1 1959 ) .  

Preparat ions of P .  !•,1, s .  G. nro re(';nrC:od as b eing very impure 

( soo F lux and Li , 1935 ) .  Hence the ndmin i s t rnt ion of the hormone 

may enhance the format ion of n number of ant ibod ies not related to 

the gonadot rophin molecul e s  ( V nn 0en 3nd e ,  194 1 , F lux and Li , 1965 ) .  

However , fewer ant igen-ant ibody complexes nre formed wi th more pure 

px·opcrn t ion s .  

Components of preparat ion s  other than the hormon e frnct ion may 

also bo pot ent an t i gens (Vnn Den i.!:nd e , 184 1 ) .  Th e  fact that 

impuri t ies may be more s t rongly ant igon i c  than the hormone itself 

has been di spl ayed by S egal .£!. £.!.• ( 1960 )  and S egal ..£.! �· ( 1962 ) • 

.t�nt ibodies t o  P . M. S . G . include a fract ion renct ing with horse 

scrum protein s .  These are part l y  cbsorbed b y  normal mare ' s serum 

wi thout any loss of nnt i-P . M . S . G .  potency ( F l ux and L i , 1965 ) .  

I nject ing normal marc ' s serum into ewes for two month s wi l l  induce 

ant ibody product i on of a lower t i t re than a s imilar t reatmen t wi th 

:? . M. S . G . 1 d emonst rnt ing thc.t the hormone f ract ion has specific 

ant ibodies associated with it (Cole £1 �· , 1957 ) .  
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Rob inson ( 1950 ,  195 1 )  anc � l l en and Lamming ( 196 1 )  measured 

ovarian wei ght after s t imulat ing ewos with P . M. S . G ,  and f ound 

l ine2.r relat ionships betvJCen ovarian wei ght and clo se level of th e 

hormone , !. s t rni 1�;ht l ine i s  also obteined by the regroo sion of 

ovarie.n weight o n  the n umbe r  of c or pora lut ea pr es ent (Robinsoi.1 1 

195 1 ) .  

Hut chinson and Rob <:':;.�t son ( 1966) , ob serving unsti m ula ted ewes , 

have fo und a significant relat ionship between t otal fol li cu l ar 

volume and ovarian weight in ovaries devoid of corpora lutea . 

AssaL._of Gonas_ot roEh in s  and t .. n ti-gom:.do tro��n s 

The val ue of using inmm.ture mice to assay gonadot rophins has 

b een indica t ed by Brown ( 1955 ) ,  Green ( 1955) s tates that the 

immat ure mouse ovary secretes hormone wit hin 12 ho urs of an 

inject ion o f  Equ in e  F ituitary Gonadotrophin . The degree of 

respo nse m ay t hen be quanti tat ed by measu ring ut erine or ovarian 

wei gh t s .  

Ut erine and ovarian responses i n  the mo use have been reco rded 

wi th H . C . G. ( Larnond and B inclon , 1966 ) 1 v1i th F . S , H �  ( B rown 1 1955 , 

I garashi and McC ann, 1964 and Bel l , 1 969 ) and wi th P . M .S . G . ( Green, 

1955 ; 1956 ; S uhi ro .£! �· 1955 ; S a samo to, 1972 ; Chri sti ansen and 

E le fthe ri ou, 1972 ) .  

· H ypoph y sectomi sed mice may be used fo r the speci fic assa y of 

F .S . H .  1 me asuri ng i ts a ugme ntatio n o f  t he re sponse by H .- C . G .  

(Lam ond and Emmen s ,  1957 ; U te roi and Me yer , 1967 ; Lamo nd and 

Bi nd on, 1966 ; Bind on and L amo nd 1  1966 ) . Lamo nd and Bi nd on ( 1966 ) 
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state that the ut erine weight is a more sensitive i ndicetor of 

F . s . H .  pot e n cy th un o va rian weigh t ,  even t h ou gh th e o va ry is the 

primary t a rGet of the hormone. In t raperito ne al in je ction in creRs es 

the sen sitivity of th e a s say of P . i'll.S .G.  in im;nat urc mice , ns 

compared v:i th sub cu ta neous inj e c U.on ( S a samo to , 197 2 ) .  Lin a nd 

Bailey ( 1965 ) ,  Zarrow �.i E-l . ( 1972 ) and Bell ( 1969 ) h::>ve 

adequct ely demo n s t ra t ed thnt the: respo n se v2.ries significantly 

between st rain s of mic e .  

Col e a nd S rway ( 194 1 )  d e v eloped c � 8  h our assay t e s t  for 

Equine Pituit ary Gonadot rophin with r esult s exp res s ed in 

I n t ernatio n al U nit s .  Th e tes t �as ba sed o n  measurinG the o varian 

re sponse in 25-clay-old rat s .  Cole .£! !:.!.· ( 19 57 ) modified this 

as soy to measu re th e inh ibitio n of response t o  injected P.I'ii . S.G. 1 

by antis eru m  again s t  t h e  h ormone. nesul t s  2-re repor t ed by indicating 

the % inh ibition of the response. Tho s ame method vm s used by 

Pigon .£! E:l:.• ( 1960 ) to noasuro a n ti-P . M . S . G .  tit res in chronically 

t reatec', ewes and by Jainudeen et al. ( 19 66 )  for a similr�r stuc1y with 

ca t t l e  sequentially t ree tee: vlit h th e h ormone. Nakah nri ,2i �· ( 1964 ) 

employed immature mice to d etect n ntibodies a gai n s t  P � i'ii . S . G. which 

were produ ced in cattle. Joh n son ( 1962 ) u sed both rf'. t s  and mice for 

th e detection of a n ti-gonadot rophin s .  

Sin ce Ou ch terlony ( 1949 ) de veloped t h e  t ech nique o f  

inves tigLting a n tibody-antige n sy s t ems b y  moans o f  double diffusion 

th rough a n  a gar gel , t h e  methcd h as b een w idely used ( see noes-

Midgely 1969 ) •  
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I n  part icular,  Segal et al . ( 19 60 )  and S egal et al . ( 1962 ) have 
� - - -

used tho technique to diagnose t he i��unology of gonadotrophins.  

F lux end Li ( 1965 ) have invest igated the cross react ions amongst 

gonadut rophins by this means and compered the results  wi th those 

from b iological inhibition t est s ,  performed in hypophysectomised 

rat s.  Cross react ions and impurit ies in the hormone-ant isera 

comp lexes compl icate analysi s by this method al though these draw-

backs may be overcome by the use of electrophoresis , chromfltography 

and the removal of unwanted an t ibodies by absorpt ion with speci fic 

ant igens (Flux and Li 1 1965 ru1cl Rees-1\iidgely , 1969 ) .  The presence 

of non-precipitating antibodies mu st always be considered when 

interpreting results from this method (Rees-Midgely 1 1969 ) and there 

aro some indications that antiGen-ant ibody compl exes involving 

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

Ref ractoriness of the ovary in ewe� sequential ly 

t reat ed with Pre�ent Mare' s S erum Gonadot rophin 

2.efractoriness duo to " ant i-substances" was noted by Parkes 

( 19<12 ) .  \'Then rabb its vmre stimulated with Horse Anterior ? ituitary 

Jxt ract s ( H . A . P . ) the init ial hypert rophy of the ovaries was 

fol lowc� by a decrease in the number of fol licles developing with 

sub sequent t rontment s .  hdams ( 1953)  noted a similar effect . 

A summary of the literature pertaining to the refractory 

condition i s  given in Table 1- 1 .  



Specie s 

Bovine 

Ovine 

Murine 

Rodentia 
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T/o.BLIJ: 1 - 1  

Literature report inJLr efrac t or��
���t

��ons of t he ovarJ[ 

aft er
_

Pregnant Mare' s �erum 2onado�rophin trea t ment 

Luthors 

Dzuik �t a�,· ( 1948 ) ; l:illett £! !..!. · ( 1953 ) ; 

Cola .£!_ :El· ( 19 57 ) ;  Hafez .2.1 &· ( 1964 ) ;  

Nakahari � �· ( 1964 ) ;  Ja inudeen � �· 

( 1966 ) ;  La s t er £! �· ( 197 1 ) .  

Pi gon � �1 . ( 1960 ) ; Bulet and F oote ( 1967 , 

1 9 69 ) ;  Larsen ( 197 1 ) .  

Fowler c.nd 3dvmrds ( 1957 ) ;  Edward s and 

Fowler ( 1960 ) ; Lin and B a i ley ( 19 65 ) ; 

Land and l\1cLaren ( 1967 ) .  

Largomorpha 

John son ( 1962 ) ; Groenwald ( 1963 ) .  

Pe.rkes ( 1942 ) ;  , .dams ( 1953 ) . 

F owler and Edwards ( 1957 ) produced a refract ory condit ion in 

mico by injec t i ng P . Jit!. S. G .  and H . C . G . Zdwnrds and F owler ( 1960 )  

decided that, since four succ e s G i ve ovul�t i ons could result from 

four s orios of gonadot rophic s t imulation , follicular exhaust ion wa s 

not likely to be respon s ib le for rofr�ct orin cs s .  Lin and Bailey 

( 1965 ) sub s t antiat ed t h i s  claim by producing one to ten 

superovulat ion s in mice on similar t reat m ent s .  

Land and l'ilcLaren ( 1967 ) have pos t ula t ed ant i-P.M.S.G . :  t o  be 

respon s ible for refract oriness d eveloping in mice sub j ect ed t o  

successive superovula t ions . 
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Dzuik £! �· ( 1948) detected no consistent reduction in 

superovulstion when cows were repeatedly stimulated with 

gonadotrophins, the interval b at·v.reon trentments varying from 49 to 

359 days. However Ylillctt et .'?1· ( 19 53) obtained n refractoriness 

by treating cows with a variety of gonadot rophins . Hafez et nl . 

( 1964 ) and Lnster _£! .£.!.• ( 197 1 )  realised lmwr ovarian res ponses to 

retrco.tment of cows with P , i'ii, S , G , Cole et al. ( 19 57 )  and Jainudeen 

£1 �· ( 1966) demonstrated anti- gonadotrophic activity in cows 

repeatedly stimulated with P •. i':i, S . G .  1 the former using precipitation 

tests and biological inhibition tests and the latte r  using 

biologiccl inhibition tests alone , 

Colc � �· ( 19 57 )  and Nakahari � �· ( 1964) decided that 

antibodies to P . �,1 . S . G .  VJOUld only be produced in cattle if the 

animals were treated with supra-physiological levels of the hormone. 

!.n animal does not no rmal ly develop antibodies to endogenous 

gonadotrophins .  However , in some cas es , when a protein hormone of 

a different species is introduced , the antibody fo rmed against it 

also rco.cts with the endogenous ho rmones.. Hence ,  rats immunized 

with ovin e L. H • . developed an antibody which neutralised endogenous 

L. H .  (\!nko.baynshi and Tamaoki , 1966) . Lin and Bailey ( 1965 and 

Ylitschi and Johnson ( 19 60) hnvu also hinted that repented injection s  

of P . M. S . G . may inhibit endogenous hypophyseal contro l. 

Jainudcen .£! �· ( 1966) decided that normal follicle development 

continu�� under the influence o f  endogenous hormones while nnti-

bodies to injected P. M. S , G . rend ered exogenous inf luenc0 incapable 

of stimulating the ovaries of cows . 
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Greonwald ( 1963 ) showed thut anti-P . M. S . G. would not 

int erfere with the endogenous control of cycl ic behaviour in 

hampsters . To reinforce thi s argument , Land and McLaren ( 1967 ) 

found that even though the response of mice t o  Human Chorionic 

Gonadotrophin (H . C . G. ) ceased after repeated inject ions , normal 

cycles resumed later , in spit e  of continued t reatment . These 

lat t er authors thus concluded that the effect was that of an 

immuni ty to the inj ect ed hormone , not a refractoriness of the 

ova ry. However they did not s eek 

being present . 

any evidence of ant ibodies 

Antisera to one part icular hormone may a l so inhibit the 

act ion of other exogenous hormones ( see Lunfeld and E shkol , 1969 ) .  

The basi s of thi s  cross- react ivity may l ie in the simil arit y in the 

ant i geni c  sites on the hormones ( Geshwind , 1963 ) .  S imil ariti es i n  

taxonomic rel ationship between onimal s  may a l so enhance cross­

react ivity (Katzman � �. , 1947 and Geshwind , 1963 ) .  

P . M. S . G. is suf ficiently similar to Equine L. H .  to result in 

confluent pat terns in agar gel diffusion tests (Desjardins and 

Hafs , 1965 ) .  These autho rs also saw Ovine L. H .  to be neutral ised 

( biological ly) by ant i sera to Equine L . H .  They al so saw that 

ant isera to P . M. S . G. and Ovine L. H .  would not inhib it the act ion 

of H . C . G. in hypophys ectomised rat s .  Ely and Chen ( 1967 ) al so 

showed ant i serum to Ovine L. H .  to inhibit P . M. S . G. action . 

In cons idering the above resul ts i t  i s  important to not e  that 

because an ant ibody is agglutinating , p recipi tating or neutralis ing , 

it does not necessarily fol low t hat these processes paral lel ono 

another ( Geshwind , 1963 ) . 
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i' igon � �· ( 1960 )  sub j ec t ed owos to chronic t reatment with 

P . H. S . G . o.nd d evelop ed a pot ent ant i oerull) . The t reatment resulted 

in o. lowe red pituitary conten t  of L . r! .  which may be one of the 

fnctors re sponsible for the fai l u re of such owes to ovuli:'.t e .  

Rulet una Foote ( 1967 ) d emon s t rat ed a f 2.ll off i n  ovulation 

rate uhen ewos v:oro superovu l a t ed nt six succcs sivo oest rous 

cyc l es .  I nvestigating thc phenomcner. more fu lly , Hulet und Foo t e  

( 1069 ) showed t h e  d ovol opment o f  u d 0f ini t e ref ractory condition 

yet did not s ock evid cmco of ::nt ibody produc tion . I nformation on 

the dis sipat ion of t h o  conc U t ion with t ime was revealed . Larsen 

( 197 1 )  found u s imilar effect in N�v. Zeal and Romncy and Border-

Leicest er-Romnoy c ross ewes when the emus wore t reat ed over thr0e 

succos sive cycles ; n high incidonce of cystic and l u t e i n i s ed 

fol licles resul t ed f rom tho t reatment s .  

Conflic t ing report s on the eff ect s o f  doso l evel of 

admin i s t ered hormon e o n  tho ref ractory condit ion meke conclusions 

difficul t .  Po.rl-;:es ( 1942 ) showed thc.t o. geomet ric rise in doso.ge 

every f ew do.ys fo.ilcd to ov..:rcome t�1 .:;  incrm>sing insensi t i  vi t y  of 

the ovary. �·:illE:tt � �· ( H J 5 3 )  and Jainud cen et a l . ( 1966)  

decided t h a t  inc rec.ses in d o c 8  of P. hl. S . G . would partially overcome 

the conc.a t ion . Th i s  vms not verificcl vti th similar t reatment of 

sheep ( Larsen 187 1 ) .  �i8on et �· ( 1960 ) report ed that 200 I . U .  

olicitcd 8. more rf'.pid manufucturo o f  nntibo<.lius in sheep t han 

500 I . U. when P . M . S, G. was given at chronic levels. Higher doses 

wore s een to be more ef f ec t ive for antibody production in cov1s 

(Colc � �· , 1957 )  and rat s ( Johnsor. , 1952 ) .  
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Antibodies t o P . M . S . G . have b o on noted in the b l ood streams 

of t ro�t cd animals s ome considerable t ime af ter s equent ial 

t rcatraent s  with the ::-wrmone ( Naknhari � .£-..!.· 1 1964 ; Jninuduen et 

£�· 1 1966) and have b e-:m poD tul c t ec to bo pres(;nt up t o a yvnr 

f rom t reo.tment C !i l l ott .£!. �!.· I 1853 ; aulot n.nd F oot e , 1969) . 

�-1o·:tover :; d gon ?t .£!· ( 1v60) s tat cc: th.c effect t o  b e  dis s ipnt od 

over th roo weeks sub s equent to the t reatment . 

i'. soconc1 series of go:10.cot rophic inj ection s 1 some time a f t e r  

thu f i :.:·st 1 wil l  e ff e ct e n  upsurge in antibody t i  t ro (C o l a  � £:..!.· , 

1957 ; ?igon .£! g. 1 1960 ; rclf;lc:<hari et n l . , 196,1 ) . This i s  typical 

of en ir:unune-liko re spons o (l'!ossal , 197 1) . 

F o l licul�r
�j:;rowth _2:!-:._c _9tresia i n  t h o  owe C?_Vo.rx 

Grmrth of ovcrinn fol l i c l es in the ewe hns been studied by 

Grcnt ( 1934 ) , Mc:i:enzie and Torrill  ( 1937) , Kammn lnd o .£! �· ( 19 52) , 

S o.nt nlucito .s! .'!!.· ( 1960) 1 Hob ort son &J.<-' Hutchinson ( 1962) . 

nutcilinson and Robort son ( 1966) Slllenton c.nd Hobert son ( 1971) . 

Ho l s t  et a l .  ( 1972) �nd Brand o.nd De Jong ( 1973) . F o l l icul n r  

dyncmics h a s  b oon investigat ed in t h e  mou se (Peters and Levy , 1966 ; 

P c t e rsen , 1970) 1 the pig C i.obins on nnd Hnlb o.ndov , 195 1 ;  Po.rlow et �· , 

1964 ) and the cow ( Rc-. j c.kosk i ,  1960 ; 3rick son 1966 ; Choud nry .:::..!. !':.!..· 1 

1930) . Fol l icul ogencsis in a variety of mammn l s  has been rovienoo. b y  

r.1nu l eon ( 1969 ) , fol l icu l a:r atresiu b y  I ngram ( 196 1 ) ,  

The proovul ntory surge in f o l l icul a r  growth has been recognised 

for u conaidorab l c  t ime (Grant 1834 ) . M�Cenzie and Terri l l  ( 1937) 

s t et ed t hat the numb er of smn l l  fol licles ( 1-2 mm. ) in the ewe ovary 
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was qui t e variab l e  and some indi vidual s hed con s i s t en t l y  mor e  th an 

o tl1 ers . "Gre at varint ion" 
in the numb er of ovarian fol l ic l e s  W'as 

el so ob s e rved by H rend and Do Jong ( 197 3 )  in 33 normal Toxcl ewes . 

The l et t er au thors found a p:c i r  o f  ovnrios to cont ain 32 . 2% (Moan= 

84 . 2  , S .  3 .  =38 ,  1 )  normal nnd 67. 8% ( II'loan= 177 . 1 , s .  E .  = 103. 4 )  a t r e t i c  

fol l ic l e s  wi t h  d iamet 0rs gree t e r  t hen 2 �� . However , of the no rmal 

t Grt iary fol l i cle s , 02 . 7% hnd n d i amut or of l es s th[�n 1 mm. Choudary 

C\ .�. ( 1960 ) found n moan re lat ive p roport ion of 23. 9% normal and 

76 . 3% a t ret ic fol l i c l es pres en t per p�i r of ovarie s in cycl i c  h ei fers 

of uns peci f i ed b reed . 

:cmnmaladc et al . ( 1952 ) and S nntnucito � �· ( 1960 ) s t a t ed that 

fol l i c l e  growth t .3J.1 d od to be con t inuou s t h roughou t the cyc l e  •. 

Robert son and Hut chinson ( 1960 )  and Hu t chin son 'llld Rob ert son ( 1966) 

uph old thi s concept and con s i d e red that f o l l i c l e s  destin ed t o  ovu l a t e  

at t h e  en suing oes t ru s b q ; i n  t o  enl e :.:-gc 4-5 d ays a f t e r  the ons et o f  

the previou s o est rus and then pau s e  un t i l  a pro-ovulatory su rge in 

grov1th. However Smeaton and Robort son ( 197 1 )  poin t out that t hes e 

conclusion s  were dedu c ed from ob s ervat ion s on the ova ries of di fferent 

o.nir.ml s k i l led n t  various s t cgos o f  th e c ycl e .  Th is lc. t t e r  s tud y 

t racocl the pa t t ern o f  fol l icu l c.r �rowth by inj ect ing I nd i an ink in to 

the f ol l i cl e s  and thu s moni t or�� sub sequ en t developmen t of f o l l i cl e s  

previou s l y  ob served , Th is methoa rel i ed on the assumpt ion that the 

fol l i c l e s  con t inued to �row normal ly eft or the admin i st rat ion of ink . 

The stuQy suggest ed t hat thoro may b e  th r ue or more waves of fol l i cle 

g rowth during one cy cle . Fol l i c l e s  en l � rgin g  at the b eginning of the 

cycle mny b ecome a t re t i c  nnd not ovu l D.to.  Thi s  concept of fol l iculcr 
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grm1t h  is con s i s t en t  with thG fact thr;t one mny show three penks 

of oest rndio l - 17 -betn secret ion f rom the ewe ovary on days 3-4 , dnys 

6-G nnd days 1 1- 1 5 o. f t or o e s t ru s  (f\lnt tnor and Braden, 1972 ) .  Ho l s t  

<ot �· ( 197 2 )  show those poc,ks to b o  concomitant wi th an increa s e  in 

foll i cular volume o f  t h e  ovary. B rand and D o  Jong ( 197 3 ) have 

recen t ly found on l y two gronth w a v e s  of fo l l i c les in sheep ovc ri es . 

The f irst wns detected from days 1 - 10 and the second f rom duy 6 of 

ono cycle to d ay 1 o f  the nex t .  

Peters and Levy ( 1966 ) nnd Pet orson ( 1970 ) have t raced 

fol l iculnr growth in thv mouse ovrcry by u sinG ruc'l io-&ct ive 

thymidine. 

B rcnd and D e  Jong ( 1D7 3 )  su gr:;ost that the growth pat t e rn  o f  

onl c rging fol l i cl e s  is inf luenced b y  the l eve l s  o f  circul a t inG 

proge st erone . Th o end of the f i r s t  wave of growt h ,  �ot ect ec in 

thei r s tudy , was at t h 0  time one noulc expect p roges t erone l eve l s  

t o  ho.ve rouchod maximum level s i n  t h e  blood nn d  enl <, rgel!lent of 

prcovul ctory follicle s on day 16 was nt n t ime of expect ed low 

l evel s of pl asma p roges t erone . 

?here i s  n s harp incrons o in t h e  size of t he corpus lut eum o f  

the o·;,o between 3 6  hours a f t er ovu lnt ion nnd 5 dcys nfter on se t of 

oest rus (Hut chinson cilld Robort son , 1 0 66 ) . Lu t enl regres � ion beg ins 

nbout day 10 (Grnnt , 1 9 34 ; S cillt nlucit o £! �· , 1 960 ; Hut chinson and 

J.ob ort son 1 1 966 ) . :<.apid d ogcnera t ion occurs b etween this t ime and 

t h e  onset of the next oest ru s  (Hut ch inson and l'tobcrtson, 1966). 
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PURPOS � kHD ;3COPZ OF THE I NVESTI GATION 

Tho product ion o f  c.n t ibod i o s  t o  P . k . S . G . hns boon dcmon s t rnt oc 

in sheep , The f n l l in ovu l at o ry res pon s e  o f  cv,ros t rent ed 

s cquen t i a l ly with t h i s  hormone hc.s b oon po s t u l n t ud due to t h (� 

dcvcl op;uent o f  such ant i -P . M . S . G . f a c t o rs . 

T:w f i r s t  part of this project con s i d e red t he dovelo;.:;mon t o f  

e. rcf r�·.ctory cond i t ion i n  rcS >)Ons o  of ovtcs t roo.t cd with P . fli . S , G . 

ov.:Jr th roc oes t rous cycl es . :f: l csmc f rom these owes , o.nd thr..t of 

cues chron ical ly t ruo.t cd with the r:;ono.cot rophin , wore t u s t cd by 

2. Biol oGical I nhib i t ion Test , u s in r;  immat u re mice. Th e  hypoth esis 

thnt ovo.rio.n rof ractor inc:;, s s  in P . n . s . G . - t n;at cd ewes we.s duo t o  

ant i- Gonadot rophi c  o.gont s could thus be t e s t ed .  

On t h .o: bc.sis o f  those invost igction s , i t  r.ms con sid ered 

nccecs�ry to olucidnto other po s s ib l e  ccsua l f nctors in the 

d evel opment of c. rcfrnctcry s t n t o  o f  the ovc.ries in s aquen t i�. l ly 

t r<Jr: t od o':ms , Hence in n further experimen t , the possib i l i t y  that 

the sup p l y  o f  normal mnturc ( cn t rr:.l ) Graa f i an fol l icles was dep l e t ed 

by repeated t rontmcnt , wns examined . 



C H � P T E R I I 

M h T � R I A L S  A N D  M S T H O D S  



Chapter I I  

M A T E R I A L S A N D  M E T H O D S  

S heep and their Management 

Ev1es used in this s tudy were ' cast for age' ( f ive or more 

years ) Romneys with no record s of previous lnmb ing performance. 

S heep for Experiment 1 were purchased in March , 1972 from a mixed 

l ine of ewes offered for auct ion at a local s a l e .  Th e  an imal s fo r 

Experiments 2 (8 sheep ) and 3 (40 sheep ) were ' cast for age ' f rom 

various flocks on the Massey Univers ity farm s .  The lat t er ewes 

were consequen t l y  derived f rom an environment s imilar to that i n  

which the experiments were conduct ed . 

A l l  ewes were rotat ionally grazed on Ryegras s-llhi t e  C lover 

pastures with yard and surgical faci l i t i es nearby. Sheep of 

3xperiment 1 were of fered pasture adequate to effect only a s li gh t  

l o s s  of body weight over the durat ion of the t ria l .  The d i st rict 

suffered drought condit ions during January-February, 197 3 and sheep 

of Experiment 3 were sub ject ed to feed rest rict ions nt this t ime .  

The drought ended o n  March 5th , 197 3 and good autumn pastures were 

o.va i l ab l e  for the experimenta l  p eri od .  Liveweight changes o f  ewes 

over the durat ion of Experiment s 1 and 3 arc shown in F i g . 2- 1  and 

F ig . 2-2 respect ivel y .  

Ewes were iden t i f i ed  b y  serial l y  numbered ear t ags and 

corresponding numbers b randed on th ei r shoulders . Vasectomised 

rams ( ' t ea sers ' ) ,  f i t t ed with S ire S ine mating harness , were run 
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with the ewes during al l experimental t reatmen t s  except when the 

l at t er had recen t ly been l aparotomised or mated . When laparotomies 

were performed the operated ewes were run without a ram for 3 days 

to p revent ' rape ' services whi l e  they recovered . The ram to ewe 

rat io was never less than 1 /40 and was usually greater. 

Observations t o  reco rd oes t rus in ewes were made at os . oo-

09 . 00  hr.  and 17 . 30- 18 . 30 hr. Marked ewes were withdrawn from the 

flock to increase the efficiency of oest rus det ection in the 

remaining ewe s .  The sheep were yarded t o  inspect the rump regions 

for crayon markings that signified service by the t enser ram s .  

Prior to laparotomy , ewes were yarded and s t arved overnight . 

This diminished the risk of loss associat ed wi th anaesthesia and 

surgery. f;.fter operat ion , ewes wore pl aced in pens to recover and 

then allowed to move back to pasture in their own t ime. 

Ewes of Experiment 1 were subjected to proges tagen t reatment 

in the midd l e  of the breedin g season and had therefore experienced 

a number of oest rous cycles prior to the t reatmen t . Experiment 2 

was carried out in the non-breeding season and ewes were not treated 

with progestagens .  Synchron i sation o f  oestrous cycl es o f  ewes in 

Experiment 3 was init iated before the 197 3  breed in g s eason began . 

I n  197 3 ewes on the same farm cs that used for thes e experiment s ,  

were f i rst seen to di splay oes tru s  on 18 February. This was 2 days 

after proges tagen sponges had been insert ed int ravaginal ly tnto shoep 

of Experiment 3 .  
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Mice and thei r Husbandry 

Mice were employed in a test for ant i-gonadot rophins 

( Experiment 2 ) ,  They were d escznded from the inbred NOS s t rain 

derived from a stock of albino mice of unknown origin and have 

b een previously described by MacKenzie ( 1972 ) .  This st rain i s  

known t o  be charact erist ical l y  oest rogen sensit ive Ci.non , 1965 ) .  

Only immature femal es , weighing between 7-10 grams , and being 

approximately 25 days of age , were used . 

The mice were col lected over a period of 4 months (December , 

197 2 to March , 197 3 )  by weaning l i t t ers that had reached the 

desired age or \'/eight . Both these factors were t aken into account 

in order to obtain mice of a uniform size i . e . stage of maturity. 

Mice from larger l it t ers took l onger to roach the desired weight 

than those of smal l er l i t t ers . 

Plast ic mouse boxes , with a flooring of saw dus t , were used . 

Pcl l cted food and wat er were provided ad l ibitum.  The mice were 

kept in the same room and held at ambient t emperatures , 

Experimental Design 

The invest�gation involved three experimen ts : -

Exper�ent 1 :  The development of an ovarian refractoriness in 

ewee subject ed to various sequences of P . M. S . G. injection s  over 

three oest rous ..cycles. 

Experiment 2 :  Biological I nhibition Test for ant i-gonadotrophins .  

Experiment 3.; Ovarian fol l icular development in ewes super­

ovulat ed up to three t imes wi th P . M. S . G. 

Flow diagrams out l ine t he design of Experiments 1 and 2 in 

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

) 
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Experimental Procedure 

2:xperir.�ent 1 

Eighty- two animal s  were available for t reatment . Ini t ic. l ly , 

t he oest rous cycles o f  a l l  ewes w0re synchroni sed by progest agcn 

admin i s t ration . This t echn ique c.ided the conduct o f  the experiment 

as a l l  ewes could be t reo.t ed vli thin chronol ogical l imit s ,  thus 

cl iminnting a t emporal bias fron the t reo.tment s .  Fu rthermore , 

synchroni sat ion faci l i ta t ed s imp l i f i cat ion of t reatment , in t hnt 

t ime of inject ion , blood sc.mpl ing and s l augh t er of experimen tal 

uni t s  could b e  co.rried out wi th eff i cient u t i l izat ion of labour and 

resources . 

Synchronisation was effected by the insertion o f  int ravo.ginal 

pessaries ( polyurethane s poncos ) impregnat ed wi th 40 mg. 6 �methyl 

17.,(_- acetoxyprogest erone ( i':: . l:. . • P .  ) .  * The hormone was diffused into 

sponges in 3 ml . of 95% ethanol .  

S ponges were insert ec on 24-5-72 and withdra>m on 7 -6-7 2 .  

A l l  ev1es i n  the experimen t '.'Jere weighed ( s t raight off pasture ) 

on the complet ion of proges tagcn t reatment and ago.in just prior to 

slaugh t er (F ig. 2- 1 ) . 

The shcop were alloca t ed t o  t reatment groups by consul t ing a 

t able o f  random numb ers . P . M. S . G .** was inject ed subcutaneously at 

dose level s of either 1000 i . u. or 1 500 i . u .  Ewes on each do se 

l evel were subjected to t he fol l owing sequences of inject iono 

( see Fig. 2-3 ) : -

* Upjohn Company 

** Paines and Byrne Ltd. 



F I G U R E  2-3: -

EXPE R I M ENTAL DESIGN : EXPE R I MENT O N E  A N D  EXPE R I MENT TVVO 

• •  
TR EATM E.�N�T�------�---r------.---. 

A. Experiment 1 

SYNCHRONISATION LEF:..._ __ 

CONTR OL 

OESTRUS 

B. Ex periment 2 

500 i .u 

PMS 

1000 i . u  

PMS 

W ITH 
FRE UND'S 
ADJUVANT 

2 SH E EP 

2 SHEEP 

WITHOUT 
F R E UN D'S 
A DJ UVAN T  

2 SHEEP 

2 SHEEP 

I ]BLOOD SAMP L E  J >f SLAUGHTER 

Each line represents a 1 ewe 

sample I treatment group 

(9 x 4 = 36 ewes) 

3 
I - , 

t=:· 
' Biological I nhi bition Test for 
, 

.... , antigonadotrophins in serum 

,. 
• 

,. G = Gonadotrophin 

. .  Treatments 1 -4 replicated at dose levels of 1 000 i .u. and 1 500 i .u.  P.M.S.G. 



F I G U R E  2-4:-

DESI GN O F  EXP E R I M E NT TWO 

R EP L I CATE * *  
0'1 Mouse P.M .S.G. dose 0'1 

X 3 * 0 c;· 

} 
9 ewes ctl Expt 1 1 � 

0.25 I .U .  ::I 

s: 
3 (D' 

0 
( 9 9 ewes :- 0 

c: 2 .... 
� "' 

"' 

ctl 
Q) 

� (/) Treatment 3 :E N � c: 
9 

.... 
ewes 

1 
"0 ;::-.· ';T c: ctl 
1D ';T 0 '§- :::!. Groups l "' 

c: ::::J .... 0 "' 
... ctl ctl ctl "' ... 

9 ewes ...... .... 

:E 
2 c: � "' 

3 ctl ... 
c: ctl 

!0' ...... 
:r 3 ... 

0 .... "' ...... 3 1 .0 I .U .  ... 0 ctl 3 Q) 0 Expt 2 ctl :r Q) 
"' 4 ewes 0 :r 

1 
:r ctl ( 4 ctl ctl 
:E "0 

Treatment ctl � 4 ewes 

t 0 2 0 Groups l 
ctl 3 :E c;· ctl ctl � 

* Each l i ne represents one ewe I treatment 

** 2 repl icates (1 ewe I repl icate) for each ewe treatment group 
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Treatment 1 :  Injected at each of three oest rous cycles ( cycles 1 , 2  

and 3 ) .  

Treatment 2 :  Two inject ions ( at cycl es 1 and 3 )  separated by a 

normal oes trou s cycl e ,  

Treatment 3 :  I nj ect ed a t  t�o successive oest rous cycles 

( cycles 2 and 3 ) .  

Trectmcnt 4 :  Injected ot one oest rous cycle onl y  ( cycl e  3 ) .  

The experiment wns thus of 4 x 2 factorial design .  N ine uninject ed ,  

' synchroni sed ' e�es constitut ed a reference group , enabl ing 

comparat ive responses of the t reatment t o  be guaged , Further 

reference t o  the experimental groups vlill  be made u sing the 

fol l owing nbbreviat ions : -

L 1 , L2 1 L3 , L4 refer to animals g iven 1000 i . u . P . M. S , G . in 

sequences outl ineG in treatment s  1 to 4 above . 

H 1 1  H2 1 H 3 , H4 refer to animals r;iven 1 500 i . u .  P . M. S . G . in 

sequences out lined in treatments 1 t o 4 above . 

� i ther 9 or 10 sheep were designated to each o f  these groups 

at the beginning of the experiment but 1 death frora undetermined 

cau se ( Group H l )  and 2 accidental p rognancies ( Group H3) caused 

three sheep to be excluded f rom the resu l t s . One ovary of o ewe in 

Group L3 was lost as reproduct ive t ract s  were recovered from animals 

being s l aughtered at the local f reezing wo rks and thi s  sheep was 

excluded f rom ana l ysis of ovarian response dat a .  

S equence s of inject ion of P . M. S . G. as described above were 

designed to quant i tat o the ovu l at ion rat e  of sequent ially treat ed 
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ev.res ( Treatmen t s  1 nnd 3) compared with owes given 1 inject i on 

( Treetmont 4 )  or control ewes ( un inj ected ) .  Treatment 2 was 

included to inves t i gate the t erminal ovarian response of ewes given 

staggered in jection s .  Tv1o dose l evel s  of P . M. S .  G. were gi ven to s ee 

whether the d evelopment of a ref:.:-actory cond i t ion is dep en d ent o f  

the amoun t o f  gonadot roph in admin i s t ered. 

The f i rs t  inject ions were made on the day of sponge wi thd rawal 

and sub s equent injections were made on Day 12 of the oest rous cyc l e  

(Dcy 0 t ak en a s  t h e  d a y  of on set of oes t rus ) .  Because o f  vc.riat ion 

in oe s t ro u s  cycl e l engths of ind ividual ov.ros , the ini t ia l  s ynchron i ­

sat ion became l e s s  d ef ined n n  the experimen t proceeded . :.!:wos wore 

inj ected on Day 12 of thei r ind ivh1ual cycles rega rd l e s s  o f  thi s . 

F ive days a f t e r  t he onset of t h e  t h i rd oes t ru s  from sponge 

wi thdrm:1nl , the ewes were b l ood seJi1p l od .  B lood s runples were t ek en 

f ror,1 th e jugu l ar V6 in with 10 ml . vacutainers * ( heparin coa t ed g l o s s  

tubes uhich enab l e  s ampl ing di rect f rom t h e  vein , b y  mean s o f  a t wo 

\'my nood l e ) .  Th e  b lood V�a s cen t ri fuged nnd the col lect ed p l osmo wca 

doep�frozen for nnnlyeis in Exportoant 2 .  

:.nimcl s  were s l nu ghtered 6 dQys c f t c r  the ons et o f  oes t ru s  

fol l owing th ei r f inal t reatment wi th P . lYI . S . G . Tho s e  ewes not showinG 

o es t rus were s l aught er<:.'d on o dat e d erived thu s : oestrou s cyc l e s  

l en gths of a l l  ewes o n  a simi l a r  t i�catment were averaged and the 

ev1os having s i l ent oes t rus wore s l nugh t ored 6 days a f t er this period 

of t ime hnd elapsed since the i r  l a s t  o e s t rus . 

* Biolob .  



F I GU R E  2-5 : -
CA L E N DA R  O F  E V E N TS F O R  EXPE R I M E N T  O N E 

W E I G H  • 
• 

P.M.S.G.  I NJECTION 

O ESTR US P E R I OD 

SLAU G H T E R  

SYNCH R O N ISATI O N  

DATE 

24/s 71>6 9J6 r2/6 21/6 23/6.2�/6 4l7 6l7 9l7 14b 1d/7 ·16/7 1B/7 20/7 2s/7 
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Reproductive t racts were recovered f rom the slaught ered 

ewos nnG date. on ovarian response ( ovarian weigh t , number of 

ovulut ion s , numbor of fol licles greater thon 3 mm .  and incidence 

of cys t ic of inact ive ovnries ) wore recorded . 

A cnlendar of events of this experiment i s  given in Fig. 2-5 .  

Experiment 2 

Mouse tests ior ant i-gonadot rophins in the plasma of ewes f rom 

Experiment 1 were cnrriod out between December 1972 and February 197 3 .' 

!.nt i-gonc.dot rophins in the plasmn of animal s chronically 

t rect ce with P . M . S . G . were also detected by this method . E ight 

' cast for age ' ewes were inject ed subcutaneou s l y  with either 500 i . u. 

or 1000 i . u .  P . M . S . G. Hal f the ewes were given their first 

injection in Freund ' s  adjuvnnt ( e  wat er in oil emulsion of the 

hormone wi th heat k i l l ed mycobact eria E'.dded ; Rees-lvlidgely ,  1969 ) .  

Sheep vJerc inject ed on Monday nnd Thursday of ench week , for 

6 weeks ( 13- 1 1-72 to 22- 12-7 2 ) . Plc.smn was col lect ed on the Friday 

of the final week of t rentmen t .  

Th o  Biologicnl I nhibit ion Tests used were s imilar t o  the rat 

t es t s  used by Cole £1 �· ( 1957 ) 1 Pigon � �· ( 1960 ) , F lux £1 �· 

( 19 65 ) 1 and Jainudeen £1 �· ( 1966 ) t o  detect ant i-gonadotrophins . 

This t est relies on the inhib i tion of immature mouse uterine weight 

response to inject ed gonadot rophins by the int roduct ion of c�t ib odies 

t o  that gonadot rophin .  

Determinat ion of a suitable dosage of P . M. S . G. for s t imulat ion 

o f  u terine weight in immature mice was carried out by means of a 

pilot t est over a range of cose levels (0. 2 i . u . to 1 . 0  i . u .  P. M. S . G . ) .  
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Four sheep f rom each treatment group in �::xperiment 1 were 

randomly sel ected to donate plesma samples for the test s  (9 groups , 

36 ewes ) .  Plasma. of 2 sheep per group rms t est ed in mice injected 

with 1 i . u.  P . M . S . G .  and the plasma o f  the other 2 sheep of that 

group w�s t ested in mice in ject ed wi th 0. 25 i . u .  P . M. S . G . The 

hormone was given to the �ice as a single subcutaneous dose of the 

gono.dotrophin d i ssolved in o. 2 ml . of 0 . 15% sal ine . o .  25 ml . samples 

of pl asma from eac.'1 ewe t ested were injected ( intra-pori toneally)  

into the test mice .  F ive plasma s ampl e s  f rom each ewe were inject ed 

into mice given 1 i . u. and five into mice inject ed wi th 0 . 25 i . u .  

P . Ivi . S . G. This sampling procedure i s  out lined in Fig.  2-4 . 

Mice were allotted to treatmen t  groups by random numbers. They 

\7ere weighed and earmarked before being pl aced in boxes . ;::ach box 

hous ed only one t reatmen t group of 5 mice . i�f t e r  being inject ed with 

P . M. S . G. and plasma , the mice were l eft for 72 hours . A f t er re­

weighing �hey were killed by cervica l  dislocat ion and the uteri were 

removed . These organ s were dissect ed f ree of fat and any adhering 

t i s su e  and then weighed on a torsion balance. Weighing of the animal s 

befo re and after t reatment allowed the detect ion of any adverse eff ect s 

of inject ion • · 8 ·  pl asma samples may have become cont aminated during 

storage. 

S amples of those sheep chronically t reat ed ( i . e .  gi ven twice 

weekly inject ions of P . M. S . G . ) were t ested only in mice injected 

with 1 i . u . of gonadot rophin .  Procedure was the same as above 

excep t that al l sheep ' s sampies wer e t ested. S ince there were only 

two sheep on each t reatment , a samp l e  f rom each sheep permi t t ed 2 

repl icat e tests per ewe t reatment group , to b e  carried ou t .  
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Experiment 3 

Forty sheep were t reated at the beginning of the 197 3  

breedin g  season � Intravaginal pessaries of similar preparat ion 

to those used in Experiment 1 ,  were insert ed on 16-2-73 and 

withdrawn on 28-2�7 3 .  Because e�es had not experienced recent 

overt oes t ru s  prior to the progestagen treatment , a 10 mg� 

inject ion of progest erone dissolved in 1 ml , of peanut oil , was 

inject ed int ramuscularly 2 days before sponge wi thdrawal . I t  was 

hoped such an inject ion �ould provide a more effect ive progesterone 

priming of the ewe ' s capability to d isplay overt oestrus than has 

previously been noted in ewes t reated early in the breeding season 

( see Cumming , 1965 and Larsen , 197 1 ) .  On withd rawal of the 

pes saries some of the ewes were su spected to have experien ced 

silent oest rus.  Laparotomy of t uo such ewes confi rmed that they 

had ovulated .  

P . M, S . G. we. s injected on Day 1 2  of the cycl e fol lowing sponge 

\"'i thdrawal . S ubsequent inject ions were made on either Day 12 or 1 3  

o f  the cycle.  

The experimental design is shown in Fig.  2-6 .  Ewes were 

designated to 4 groups of 10 animal s by random numbers . Group 

numbers \"!ere later rendered unequal by 1 d eath and 1 suspectod 

pregnancy. Ewes were either uninjected ( cont rol ) or inject ed 

once , twice or thri ce (Fig. 2-6 )  over t hree oest rous cycle s . 

Day 10 of the oestrous cycle was chos en as a reference point 

to monitor ovurian act ivity� Ob s ervat ion at this point ul lov1ed 

meusurement of ovulat ion rat e  at the previous oest rus as wel l as 
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enab l in g  a s s e s sment of f o l l icles l ikely to be s t imulated by a 

following inj ect ion of gonadot rophin. Trea t ed ewes were either 

laparotomised or s l aughtered on Day 10 ( 10 ewe s being slaught ered 

nfter the f i rst 2 superovulations and the t h i rd t reatment group 

and con t ro l  b einG slaught ered after the final suporo�tlat ion ) .  

" " "* Laparotomy wRs performed under l igh t anaesthesia ( Nembutal r 1 

on a l apa:rotomy crad l e .  t. ven t ral in c i sion , s l igh t l y  off t h e  mid-

l ine , a l lowed exposure of the reproductive t ract . Coun t s  of corpora 

lut ea and fol l i cl es wore mo.c o .  Fol l icle s izes wore estab l i s hed b y  

the u s e  o f  s t eri le s lid e  co.l l ipers ( s ee F i g .  2-7 ) and v1ero a lways 

made by the same pm·son . The fol l icles wer>:: a s s i gned t o  three 

group s ; 1-3 mm. ( small ) ,  3-5 mm. ( medium ) grea t e r  t han 5 mm . ( large ) . 

Ovnrios recovered from the slaught crec anima l s  wc:re immed i ately 

sco red as f o r  l o.parotom i s cd animal s and fixed in 107o buff ered 

forma l in . i . f t e r  f ixat ion ( thi s t ime was variab l e  d epending on the 

size of the ovaries ) t h e  ova ries were placed in 50% al coho l for 

24 hours and then s t ored in 70'7o a lcohol . To assess the t ot a l  

ovarian foll iculer popu l a t ion a l l  ovari es were s ect ioned i n t o  2 mm . 

s li ce::;.  The n e  ovarian s l ices were surrounded by a thin layer o f  

pn.ra f fin -.:mx to con t a in t h e  sl ices in co rrect sequence , S u ch " p lat es " 

of material were immers ed in t rays of 70% al cohol . F i g .  2-Q shows 

ovaries sot in wax before b eing put in al cohol . 

Coun t s  o f  a l l  ant ra l  fol li cles were made on all ova rian slic es . 

Addi t ion o f  the number o f  fol l icl es in al l s l ices from one ovary 

gave an indicat ion of t he t o t a l  f o l l icl e populat ion in that ovary. 

These counts were made wi th t he aid of a l arge magnifying gl ass . 

* Pentobarbitone S odiwn (l�bbott Laboratories ) .  



Fig.  2-7 : - _!E. �  measurement of ovarian fol l i c l e s  with 
� t cr i l e  s l id e  cal l ipers 

F i g .  2-0 : - 2 mm. ovar i an a l iccs s emi-embedded in 70o/� a l cohol 
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Ten randomly selected 2 nun . s l i ce s  f rom ovaries of ewes in 

each of the 4 experimental groups ( r igh t  or left ovaries ) were 

s el ect ed for his t ological analys i s .- i .. f t e r  proces s ing in graded 

al cohols and xylene , these sampl es were emb edded in para f f in wax 

and s ect ioned at 6rL. The sect ion s were s t ained with Haema t oxylin 

and E o sin . Ant ral fol l ic l e s  were now ab l e  t o  be ass e s s ed  for eny 

signs of a t re s i a  or l u t cinisnt ion and t he percentage of the t ot al 

popu lat ion examined t hat were a t ret ic ,  was comput ed .  G ro s s  

measu remen t s  were co rrec t ed w i t h  respect t o  thi s figure which was 

derived f o r  each s epara t e  group. 

The a s s es sment o f  fol l icular popul a t i on may be summari sed thus : -

Numb er of 

surface fol l i c l es 

( 3  cat egories ) 

I 
A l l  ovaries 

s l iced int o  2 mm . 

sect ions 

I 
Number of ant ra l  fo l l icles/ 

ovary ( c ro s s  sect ional 

obs ervat ion ) 

I 
S amp l e  - 10 

J 
s l ices/group C orrect ion fac t or 

h t re t ic f o l l icl es /t o t a l  

�= proport ion of 

� normal fol l icle s .  
fol l ic l e s/ 

2 mm. s l i ce ( h i s t ological 

m casu remen t s ) 

Average 

number of 

normal 

fol l icle s/ 

ovary ( all 

ovaries ) 
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This procedure was not designed to measure every fol licle in 

every ovary . Hov;evor an indication of tho fol l icule.r population in 

ovaries of aninal s  on each t reatmen t i s  at tained and some idea of 

the d egree of at resi a  of these fol licles derived . The limitat ions 

of thi s  method wil l  be discussed in Chapter S even . 

Analys i s  of Dat e 

2 
Analyses of d i screte date util ised Chi or the G stat i s t i c  

(Sokal and Rol f 1969 ) � 

Ovarian respon se data from Experinent 1 were f rom groups o f  

unequal s i ze. Ho·;mvor , a two woy onaly D i s o f  vnrianco for unequal 

sub-clas ses wns avo.ilab l e  on a computer programm� , and the 

experiment was analysed as for a 2x2 f actorial design .  The general 

l inear equation f o r  the model analysing ovarian response was : -

where 

u = the overal l mean when equal f requencies exi st in each 
subclass 

t .  = ef fect of t reo.tment ( i  = 1 , 2 , 3 ,  or 4 )  
� 

d . = effect of dose ( j  = 1 or 2 )  
J 

( td )
ij 

= ind ividual int eraction ef fect s expressed a s  

deviat ions from mean u.  

e
ijk 

= error pecul iar to each y
i jk 

*cour t esy of Prof . R. E .  Munford . 
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Bart lctt ' s t est for homogeneity of va ri ances was carri ed 

out on discret e ovarian respon s e  clc,tn as a t os t of normal i t y  of the 

data dist ributions ( Snedecor and Coch ran , 1967 ) .  On the basi s of 

thos0 t es t s  a l l  d i s crete data '>lere t rans formed t oJ;;;:t before nny 

tests a s suming normal i ty werG cnrriod out .  

Comparisons o f  t reatment moans \lore made following analyse s  

v1hich yield ed s ta t i s t ical l y  s ign i fic'l.nt resul t s .  Compari sons were 

made using the S tudent-Newman-Keu l s  t os t (Sokal and Rol f 1969 ) .  

r!Iouse ut erin o weight s (Exporir.wnt 2 )  were t ransformed to 

l oRari tlL�s and ana l y s ed  by covariancd. S i gnificant treatment 

effect s \"lore further analysed by the S tudent -Newmen-Keul s  test . 



C H A P T E R I l l 

S Y N C H � 0 N I S A T I 0 N A N D 

O E S T R O U S  P H E N O M E N A  
� 
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Chapter I I I  

!3 Y N C H i1 0 N I S I. T I C N A N D  0 E S T R 0 U S  

p H E N 0 iVl E N  A 

Experimen ts 1 and 3 yielded date on progest agen synchroni sat ion 

of oest rous cycl es and o0s t rous phenomena of subsequent cycl e s .  

fHfects of repeated P.  M. S • . G .  t reatment o f  ewes were apparent a s  wel l  

as informat ion on t h e  efficiency of synch ronisat ion by int ravaginal 

proges togen admin i s t rat ion . 

Factors Affecting the Ons et of Oes t rus 

following �rogestagen Sponge wi thdrawal 

J .  P � M. S . G . admini s t rat ion 

I mmediat ely followinG the cessat ion of proges tagen t reatment 

of ewes in Experiment 1 ,  some sheep were given P. M . S .  G .  Thi s  did 

not signif icant ly affect the t ime int erval f rom sponge wi thdrawal to 

the onset of oestru s  (Tab l e  3- 1 ) .  Dist ribut ions of the onset of 

oes t ru s  in ewes either given , or not gi ven P . M. S , G. a re shown in 

Fig.  3- 1 .  

The number of ewer> showing overt oes t rus immed iately following 

sponge wi thdrewal was not affect ed by the administra t ion of P . M . S  . •  G .  

(Table 3- 3 ) .  

2 .  I njection of Progest erone . 

S ynchronisation of ev1cs given a pro gesterone injection 2 deys 

before sponge withd rawal (Experiment 3) is compared with that of 

ewes given only M . A . P .  ( Tables 3-2 and 3-4 and F ig. 3-2 ) .  There i s  

a t emporal b ias in thi s comparison as t h e  two d i fferent t reatmen t s  

were carried out a t  d i fferent times o f  t h e  year and i n  di fferent 



TABLE 3- 1 

EFFECT OF P . M . S . G . ADMI N I S �\TI ON ON YrlE Ti hlli I NTERVAL BET\qEEN 

PROGES TAGEN S PONGE ·vVI TI-IDRAil?.L :.1-m THE ONS ET OF OES TRUS 

�tment Number of ewes in Oe s t rus Total 
Dal':s from S£on�o ;'[i thdra_!!al Number 

of Ewos 

Day 2 Day 3 Day 4 Day 5 

Progo s t a gon 16(47 .0"/ol 9 ( 26. 5% )  0 ( 23.  5% ) 1 ( 3. 0%) 34 
and P . M. S . G . 

Progestagen 13( 37 . 2% )  15(42 . 8% )  7 ( 20 . Cff:, ) 0 35 
Alone 

Total 29 24 1 5  1 69 

G = 3. 264 - Not S i gnif icant 

TABLE 3-2 

;:;:FFECT OF 1. PROGES TERONE INJECTI ON ON THE TI ME INTERVAL BEYviEEN 

P:aOGES T/.GEi'l' S PONGE Vil THDR/.W�.L /�ND YnE ONS ET OF OESTRUS 

Treatment 

M. A. P • .1:-.Iono 
(Expt 1 )  

M. A . P .  and 
Pro ges t erone 
(Expt 4 )  

Total 

G = 7 . 76 - P <.0 . 05 

Numb er of Ewes in Oes t rus 
Days from Sponge V/1 thd rawal 

Day 2 Day 3 Day 4 

1 3( 37 . 2% )  1 5 ( 42 . 5% )  7 ( 20 . 0% )  

20( 66 . 7% )  9 ( 30. 0% )  1 ( 3 .  3"/o) 

33 24 8 

Tot al 
Number 
of Ewes 

35 

30 

65 

.11.. ( )  Percentage of Ewes coming �nto oestru s  that were in oes t rus 
on the day indicat ed .  



T!..J3LE 3- 3 

�:?FECT OF P . M . S , G. Ji.Di\UNIBTRt.TI ON ON TI:IE OCCURitENCE 

OF OESTRUS FOLLOWI NG PROG�S Ti .. GEN TR.:.Y.T!YiENT 

Treatment Numb er o f  
Ewes S howing 
Overt Oes t ru s  

Progcstagen 34 
and P . M. S . G. · 

Progc s t agen 
!.lone 

Total 

35 

69 

Numb er of Tot al 
E:wos S howing Number 
S il en t  Oest ru s  of Ewes 

3 37 

8 43 

1 1  80 

CHI 2 
= 1 . 068 - Not S i gn i f i cant 

T/iliLE 3-4 

% of Ewes 
S howing 
Overt Oestrus 

9 1 . 9  

8 1 . 4  

!:i:FF;:!;CT OF !. PROGESTERONE I NJ"GCTI ON ON THE OCCUlUllll�CE 

OF OZSTRUS FOLLOWING PROGi!:ST, .GEfi SPONGE TREJ'..TIIiENT 

Treatment 

M . l  .... P r  
Alone 

i�'l • l-.. • P • and 

Number of 
Ewes Showing 
Overt Oes t rus 

35 

30 
Proges t erone 

Total 65 

Numb er o f  Total 
Swes S howing Numbe r  
S il ent O e s t rus of Ewes 

8 43 

10 40 

18 83 

2 
C"".til = 0. 193 - Not S i gni f icant 

% of Ewes 
S howing 
Overt Oestrus 

8 1 . 4  

7 5 . 0  



F I G U R E  3- 1 : -

DIST R I BU T I ON O F  ONSET O F  O ESTR U S  F O L LOWI N G SPO N G E  W I T H D R AWAL EXP E R I M E N T  ON E 

20 
A. Progestagen alone 

1 0  

en 20 ::l B. Progestagen and P . M . S . G .  er: f-en UJ 0 
z 
en 1 0  UJ 
$. UJ 
LL. 
0 
er: UJ a:l 
::::! ::l z 

30 
C. Al l  ewes 

20 

1 0  

2 3 4 5 

DAYS A F T E R SPONGE W I T H D R AWA L 



F I G U R E  3-2 : -

TH E E F F ECT O F  A PROG EST E R O N E  I NJ ECTI ON O N  TH E ONSET O F  O ESTRUS O F  EWES 

G I V E N  AN I NTRAVAG I NA L  PROG ESTAG EN TR EATM E N T  

20 
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ex: 1 0  
1-
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20 
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cc 
� 
=> 
z 

1 0  

2 

2 

3 4 

3 4 

A. M .A . P. and Progesterone ( Expt. 3) 

5 

B. M .A.P. alone ( Expt. 1 )  

5 

DAYS A FT E R  SPONG E W I T H D RAWAL 
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b reeding s easons. S ea sonal variation in owe response t o  

p rogest erone is known t o  occur ( Lamond 1964 c ) .  For thi s reason , 

tho compari son i s  not s t rictly valid but i s  drawn because o f  

indicat ions that suppl ementat ion of M . ll.. . P .  t reatment \7ith 

progest erone may bo effect ive in producing a more definea 

synchronisation .  

Progesterone supploment�tion o f  M . A . P .  t reatment caus ed owes 

to come into heat ovor a &�ort er time than if M , h , P .  was given alone. 

The d ist ribut ions of the onsot of oest rus were significantly 

(P < 0 . 05 )  differ-mt for th ose two groups ( Tab l e  3-2 and Fig. 3-2 ) . 

Of those ewes showin g  oe s t rus , CO. O%  wore in oes t rus over a 2 day 

period with M . l'. • .P .  alone compered wi th 96 . 7% when Ivl . t  • •  P. was 

supplemen t ed wi th n progest erone inject ion ( Tabl e  3-2 ) .  

Supplementation o f  progestogen sponge t reatment cid not 

significant ly reduce the proportion of ewes showing silent heats 

( To.ble 3-4 ) .  

Effect o f  S equent ial F . M . S . G .  Treatment on Synchroni sat ion 

of Oes t rous Cr,cles S ubsequent to Progestogen Treatment 

1 .  Variat ion in the Time of Onset of Oestrus 

Treatments in Experiment 1 had a significant effect on t he time 

of onset of oestru s ,  one o es t rou s cycle after sponge withdra\"Jel 

(P<: 0 . 005 ). Treatment s 1 and 2 caused a greo.t er di spersion in the t ime 

period in which ewes came into oestrus than did Treatments 3 and 4 

( Table 3-5 end Fig. 3-3 ) .  This t rond was al so apparent two cycle s  

from sponge withdrawal ( Tabl e  3- 6  and Fig.  3-4 ) ,  but was l ess 

marked (P <: 0. 0 1 ) .  



Ti' .. BLE 3-5 

TIU.::i.TI\1ENT EFFSCTS ON THE �N.flill21HGi�TION OF ogs TR.US 1 

.Qt!_� _ _22;;STi:WUS CYCLG F�10I'ii PROG3S T/.GEIJ TRCLTMBN T : - EXPERi lvlENT 1 

Treatment Dose Days from the f i rs t  d i sp l ay of Oestrus Tot al 
Number 
of Ewes 

( F . M. G . G  .. ) 

0 1 2 3 4 - 10 

1 L 3 2 2 0 3 

H 2 2 1 0 4 

Tot al 5 4 3 0 7 

2 L 0 1 6 1 1 

H 1 1 3 2 2 

Tot al 1 2 9 3 3 

3 L 0 4 3 2 0 

H 1 3 3 0 0 

Total 1 7 6 2 0 

4 L 1 1 5 2 0 

H 0 1 6 2 0 

Total 1 2 1 1  4 0 

Total 15 29 9 10 

Test of�epenctense :  G S t a t i s t ic 
D . F .  

Treatment x Dose x D i s t ribut ion 31 

Treatment x Distribu t ion 12 

Dose x Distribution 4 

Treatment x Dos e  x Dist ribut ion Interact ion 12 

10 

9 

19 

9 

9 

9 

7 

16 

9 

9 

10 

7 1  

G S igni ficance 

4 3 . 2 38 p (.0 . 05 

35 . 8 18 P <:o. oos 

0 . 088 Not 
S ign i f i cant 

C . 848 Not 
S i gnificant 



TABLE 3-6 

TP.:Y.TMI.mT :!:FFECTS ON THE SYNCHRONlShTI ON OF OESTH.US , 

T\'10 0.2:STROUS CYCLES FROM PROGES Ti�GEN 'ffi&.TMENT : - l!:XPERIMENT 1 

Treatment Dose Days from the first d i splay of Oestrus Total 
(P . M. S . G. ) Nur.1ber 

of Ewes 

0 - 7 8 9 10 1 1  - 16 

1 L 3 3 0 0 2 8 

H 0 3 0 0 5 D 

Total 3 6 0 0 7 1 6  

2 L 0 2 2 2 2 8 

H 0 4 0 2 2 8 

Total 0 6 2 4 4 16 

3 L 0 4 2 0 1 7 

H 0 2 3 0 0 5 

Total 0 6 5 0 1 1 2  

4 L 0 2 4 2 1 9 

H 0 5 0 1 1 7 

Total 0 7 4 3 1 16 

Tot al 3 25 1 1  7 14 70 

Test of Inde;eendence :  G S tat istic D. F .  G S iJ:£!if i cance 
- -

Treatment x Dose x Dist ribut ion I ndependence 3 1  56 . 526 P <0 . 0 1  

Treatment x Dis t r ibut ion 12 35 . 608 P ( O.Ol 

Dose x Distribution 4 0 . 322 Not 
S igni ficant 

Treatment x Dose x Distribut ion x Interact ion 12 6 . 346 Not 
S ignificant 



(/) => a: I-(/) w 
0 
z 
(/) w 
::-: w 
u. 0 
a: w Ill 
� => z 

F I G U R E  3-3 :-

E F FECT OF R E PEAT E D  G O N A DO T RO P H I C  ST I M U L AT I O N  ON 

SYN C H RO N I SAT ION OF OESTROUS C YC L E S  

A. One cycle after sponge withdrawal 
10  

0 
1 0  

0 
1 0  

0 
1 0  

2 3 4 5 6 7 
DAYS F ROM F I RST E W E  IN O E STRUS 

10 

0 
1 0  

0 
1 0  

0 
1 0  

0 
1 0  

B. Two cycles after sponge withdrawal 

1 2  1 3  

DAYS F ROM F I RST E W E  I N  O E ST R U S  

T R E A T M E N T  

CONTRO L 

2 

3 

4 

8 9 1 0  

CONTROL 

2 

3 

4 

1 4  15 1 6  
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The ef fect o f  do ses of P . M. S . G .  o n  the temporal d i s t ribut ion 

of onset of oestru s  was not s i gnificant at ei ther of the two p eriod s .  

Table 3-7 giv es the resu l t s  of sequont ially treated , l aparoto­

mised ewes ( Experiment 3 ) .  Un injected owes s t i l l  cam e int o  heat 

over a 1 day period whereas t reat ed ewes were di spersed ov er 0 days . 

Laparotomy did not appear to affect t h e  t ime of onset of oest rus . 

2 .  Manifestat ion o f  Oes t rus 

All ewes in Experiment 1 aispl ayed overt o es t ru s  at the second 

oes t rous period f rom sponge wi thd rawa l .  fo.t the final ob servat ion , 

mor e  intensive P . M . S . G. t reatmen t s  ( Treatments 1 and 3 )  caused a non-

s i gn ificant l y  great er numb er of m;;es t o  experience s i l ent oest rus 

( Tab le 3-0 ) .  

Data from Experiment 4 ( Table 3-9 ) showed that increasing 

numb ers of s equent ial P . IYi . S . G . t reatmen t s  enhanced the incidence of 

s i l en t  oes trus ( i=- < 0 . 05 ) . Thi s  effect does not appeo..r to have b een 

duo to the number of l aparot omies a s  con t rol owes wh i ch \'!ore 

laparot omi s od three t imes ,  continued to exhibit overt oes t rus . 

CI-I!.?TEi1 SUMJVJARY 

1 .  i"a.dmini st rat ion o f  � . M . S . G .  immed iately following s ponge with­

drawal had l i t t l e  effect on oes t rou s behaviour at th e fi rs t  

subsequent oest rou s period . 

2. �n int ramuscular inject ion o f  10 mg. progesteron e ,  2 days before 

sponge withdrawal , may cause more e ffect ive synchronisat ion but 

p robably does not decrease L�e numb e r  of ewes showing s i lent oes t rus . 

These resu l t s  are not conclus ive for wan t of appropriat e  cont rol 

animal s .  

3 .  Oes t rous cycles of owes given p ro gest agen v i a  t h e  int ravaginal 

route may remain effect ively synchron i sed for 3-4 cycles. This 

ef fect is d i s rUp t ed by the admin i s t ra t ion of P . M. S .  G. 



TABLE 3-7 

Tiillt.TI11ENT �FFECTS ON THE r/JANI FESTi.TI ON OF OESTRUS : - EXPERIMENT 1 

Treatment Dose 
( P . M . S . G. ) 

1 L 

H 

Total 

2 L 

H 

Total 

3 L 

H 

Total 

4 L 

H 

Total 

Total 

Number of 
Ewes Having 
Overt Oestru s  

8 

8 

1 6  

8 

8 

16 

7 

5 

12  

9 

7 

16  

60 

G = 1 1 . 1 10 - Not S ignificant 

Number of Total Number 
Ewes Having of Ewes 
S il ent Oest ru s  

2 10 

1 9 

3 19 

1 9 

1 9 

2 18  

2 9 

2 7 

4 16 

0 9 

2 9 

2 18  

1 1  7 1  



Ti .. BLE 3-8 

EFFECT OF SEQUENTIAL P. M. S • G. TREA'I'MENT ON 

MJJHFJ:S TJ..TION OF OESTRUS 

Trco.tment 

Injection 
at 1 cycle 

I njection 
at 2 cycles 

I nject ion 
at 3 cycles 

Uninjectcd 
Control 

Total 

Number of 
�wes Showine 
Overt Oestrus 

10 

8 

6 

9 

33 

G = 8. 128 P (. 0.05 

Number of 
Ewes Showing 
S ilen t  Oestrus 

0 

2 

3 

0 

5 

Total Number 
of Ewes 

10 

10 

9 

9 

38 

% Ewes 
Showing 
Overt 
Oestrus 

100 . 0  

oo. o  

66. 7 

100.0 
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Chapt er IV 

O V A !l ! A N  a E S P O N S B T 0 P . rA. -S ._,Q. 

I N S E Q U E N T I A L L Y E '!l E S 

This chapter report s ovarian response data of ewes in 

2xperiment 1 .  S ome ovulat ion data from Bxparimont 3 i s  al so 

includ ed . Cbservations o f  overies f rom sheep in Experiment 1 were 

mede o.t the end of tho experiment and are thus ' t erminal ' responses 

of ewes to the t reatments impos ed .  The ovaries of sheep in 

F.xperiment 3 were observed ut a series of laparotomies and 

post-mortem .  

Results arc presen t ed a s  t ransfor�ed data and raw data a re 

Given in � ppendix 1 .  

Transformat ion o f  Discrete Data 

Bartlett ' s tests on ovulatory data (numb er of corpora lutea ) 

rev ealed that variances of the 0 t reatment groups were het erogeneous 

(Appendix 2 ) .  The most suitab l e  t ransformation for data involving 

count s  and zero values i s Jx + 1 (S okal and Rol f  1969 ) .  f-dter this 

trans formation had been appl ied to the number o f  corpora lut ea per 

0\"le ,  Bart l et t ' s test showed that het erogeneity had been reduced but 

var iances just fail ed t o  attain homogenei ty for this variabl e .  A s  

this t ransformation was considered the mos t likely to produce 

homogeneit y ,  no other t ransformat ion s  were t es t ed .  I n  the l i ght of 

. the marked reduct ion in het erogenei ty at tained , al l discret e  data 

wor e  t ransformed to � for analysis o f  variance. For ease of 

computation , the t ransformed data wore increased by a factor of 10 . 



F I G U R E  4- 1 : -

E F F ECT O F  S E QU EN T I AL P.M .S.G.  T R E ATM ENT ON T H E  N U M B E R  O F  EWES OVU LATING 
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TABLS 4- 1 

�FFE:CT OF SEQUENTIJ.L P. 1'1:., S .  G ,  TRE!. TMENT OF THE 

NUMBBn OF OVUL/;.TING 

A .  Experiment 1 

�==---·--=-=·· 

Treatment Dose Total N��ber of Ewes Number o f  Ewes Ovulating 
r::::.=,::1::·:::-=::::r.==-·=31=>7'" .. �. 

1 

Total 
c._��-........,. 

2 

Tot al 

3 

Total 

4 

Tot al 

Grand Total 

L 

H 

L 

H 

L 

H 

L 

H 

10 

9 

19 

9 

9 

10 

8 

7 

15 

9 

9 

13 

70 

Test o f  I nd ependence : G S t 3 t i st ic 

Ewes Ovulating x Treatment x Do se I ndep��dence 

Ewes Ovulat ing x Treatment 

Ewes Ovulat ing x Do se 

3wcs Ovulating x Treatment x Dose I n t eract ion 

Ewe Troatmont 

1 ( 3  inject i ons ) 

2 ( 2  inject i ons ) 

3 ( 1  inje ct ion ) 

G = 6. 7 16 P < o. os 

Total Number of 3wes 

9 

20 

30 

7 

6 

13 

9 

!3 

17 

5 

2 

7 

8 

9 

17 

54 

S i gni f i cance 

P < 0 . 05 

P <  0 . 0 1  

N.S . 

N . S .  

Number of Ev10s 
Ovulat ing 

7 

1 8  

30 
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Ewes Ovulat ing 

The presence of a corpus luteum was taken as denoting that 

ovulation had occurred . Table 4-1a shows that t reatment s of 

Experiment 1 significant l y  (P ( o . o l )  affected the numbers of ewes 

ovulating. Fewer owes ovulated when given sequ ent ial treatment s 

with P. lvi. S . G. ( Treatments 1 and 3)  than \'lhcn given a singl e injection 

(Treatment 4 )  or stagg�red inject ions (Treatment 2 ) .  The ef fect s of 

dose and dose x tre£J.tment int eraction were not s ignificant. Those 

resul t s  are displ ayed in Fis. 1- 1 .  

I n  3xperiment 3 1  incrcLsinr; numbers o f  sequent ial treatment s 

nith P . M . S . G . increased the pro·Jort ion of e·:ves which were anovular 

( P  ( 0. 05 ) .  The ef fect i s  pnrt ly masked ( Tab l e  4-lb ) becau se f c;mer 

<mes wore ob served us the number of inject ions increased.· Furthermore , 

the st res s of l aparotomy may have enhanced the nnovul ar condi tion in 

these owes .  

Incidence of C]Lstic Ovaries 

�reatment , dose and trcatmQ� t  x dose int eract ion had no ef f ect 

on the proportion of ewes in !:i.:xporiment 1 which developed cyst i c  

ovaries ( Tab le 4-2 ) .  Ewes having cystic ovaries were only seen in 

Treatment s  1 and 3 ( s equent ial treatments wi th P . M. S . G. ) .  The 

cystic concli tion evident in a evlc on Treatmen t  H3 is seen in F i g .  4-2 .  

Ovulat ion rate 

1 �  Corpora Lutea � Al l ewes (Experiment 1 )  

Ovulat ion rat e  was determined by count ing the number o f  corpora 

lutea per owe.. Treatment s  of Experiment 1 s i gnificant ly affected 

(P ( 0  •. 05 ), the number of corpora lutea per ewe thnt wore observed at 



F i g .  4-2 : - Cystic condi t ion of the ovary ( .th i :;  ovc.ry 'bakon 

from n ene on Trt. H3 , Expt . 1 )  





TABLE 4-2 

EFFECT OF SEQUENTIAL P. M . S .G.  TREATiV:ENT ON THE 

.!l!£!DENCE OF CYSTIC OVl';.::U ES 

Tr 2ntmcnt Do s o  Total Number o f  E\:;os 

1 L 10 

H 9 

Total 19 

2 L 9 

H 9 

Totc.l 18 

3 L 8 

H 7 

Total 1 5  

4 L 9 

H 9 

Total 1 8  

Grand Total 70 

Test of I ndependence : G S tat istic 

Number o f  3wes with 
Cystic Ovaries 

1 

0 

1 

1 

0 

1 

1 

2 

3 

0 

0 

0 

5 

S ignificance 

Cyst ic Condit ion x Treatment x Doso I ndependence N . S .  

Cystic Condit ion x Treatment N . S .  

Cystic Condit ion x Doso N . S .  

Cysti c  Condit ion x Treatment x Dose Interaction N . S .  
---��------------�·------ � ·�----------------------------
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s l aught er ( Tab l e  4-3 ) ,  E f fect s o f  d o s e  l ev e l  and dose x t reatment 

int eract ion were no t s igni f i cant , Raw cl a t a  i s  plot ted in F i g .  4- 3 

and F ig .  4-4 p re sent s the s ame data aft er t ransformat ion , 

Comparison of t reatment moans 1 by t h e  S tuden t -Newman-i( otl l s  

t e s t , i s  ou t l in ed in ;.pponC.ix 3 .  Treatmen t  1 cau sed s i g n i f i cent ly 

lower t e rminal ovu l at i on ro.tes t han Treatmen t s  2 ( P <: O , Ol ) and 

4 (P< 0, 01 ) ,  Treatment 4 proc.1u c cd s i gn i f i cant l y  greater t er:;1ina l 

ovu l at ion rates than T r eatment 3 ( P < o . 05 )  ( Tab l e  4-5 ) .  D i f feren c e s  

in a l l  o t h e r  t rontmen t  compari sons were not s i gn i f ican t ,  

2 .  Corpora Lu t ea : Ev10 s ovu le.t ing ( Experiment 1 )  

Con s id e ra t ion o f  the ovu l at i on rat es o f  those ewes ovu l a t ing 

( T able 4-4 ) reveal ed that t reatment e f f ec t s remained si gn i f i cant 

(P < 0 , 05 ) .  Treatment s 2 1 3  nnd 4 cau sed s i gn i f i can t l y  g reat er 

t e rminal ovu l a t i on ra t e s  p er ewes ovulatin[S than Treatment 1 .  

(P < 0 . 05 1  P < 0 . 0 1  and P <0 , 05 respec t i ve l y ) ( Tab l e  4-6) . Date. f rom 

t h e s e  ewes a re presen t ed in F i g .  4-9 and F i g .  4- 10 . 

3 .  C o rpora Lut ea : A l l  ewes ( Expe r iment 3 )  

Tab l e  4-7 an d  F i g .  4- 17 d i splay data o f  ewes g iven 1 1 2  o r  3 

s e quen t i al inject ions of P . M . S , G . , compa red with control animal s .  

idt er one st imu l at i on ,  t h e  t reat ed ewes had si gn i ficant l y  g reat er 

(P < 0 . 00 1 ) ovul at ion rat os th£m the control anima l s .  Ovulation 

rat es of ewe s t reat ed 2 or 3 t imes wi th P. M.S.G. did not d if f e r  

f rom those of cont rol animal s  ob s erved at the same t ime . 



F I G U R E  4-3 : -

E F F ECT O F  S E QU EN T I A L  P.M.S.G.  T R EATM E N T  ON EWE OVULATION R A T E  : R A W  DATA 
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F I G U R E  4-4 : -

L E G E N D  
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TABLE 4-3 

OW.RIP..N RESPONSE : /.LL E\iES 

2 s t imated Moans and S t andard E rrors 

Variable Means S tandard Errors 

DOSE TREATMENT 

Low High 1 2 3 4 

Corpora Lut ea 2 1 . 56 2 1 . 07 14 . 6 1 26 . 43 1 3 . 4 1  25. 8 1  

( transformed coun t s ) .:!:, 1 .  74 .:!:,1 . 79 .!,2 . 40 �2 . 47 ±2 . 70 .:!;.2 . 47 

Corpora Lutea + 26 . 66 3 1 . 53 22 . 75 28 . 77 33. 26 3 1 . 58 

Follicles > 3mm . !1 . 65 .:t,1 . 70 _:!:2 . 28 .:!,:2 . 33 .:!:,1 . 8 1  .t2 . 33 

( trans formed counts ) 

Ovarian weight 7 . 35 9 . 63 5 . 87 6. 69 1 1 . 09 10. 3 1  

( Gms . ) :t,l . 17 ±1 . 20 !1 . 6 1 ±1 . 65 ;:2 . 56 !:,1 . 65 

Analys i s  o f  Variance 

Source of D. F .  Mean S quares 
Variat ion 

Corpora Corpora Lutea + Ovarian 
Lutea Fol licles > 3mm . wei ght 

Dose 1 4 . 14 4 10 . 58 * * 90 . 04 

Treatment 3 603. 97 * * 376 . 0 1  * 1 1 5 . 43 

Dose x t reatment 3 143. 88 1 1 1 . 50 55 . 8 1  

Residual 62 109 . 43 90 . 36 49 . 20 

• P <0 . 05 
• * P <0.01 



Tf.BLE 4-4 

OVARIAN RZSPONSE : EHES OVULii.TING 

E s t imat ed Means e.nd S tandard Errors 

Variab l e  

Corpora Lut ea 

( trensformed counts ) 

Corpora Lutea + 

fol licles ) 3mm. 

( t ransformed count s )  

Ovarian weight 

( Gms , ) 

i�.nalys i s  of Variance 

S ource of 
Variat ion 

D. F .  

Dose 1 

Treatment 3 

Treatment x dose 3 

Residual 46 

* P (. 0,05 

•.• P (  0 , 0 1  

Neans 

DOSii: 

Low High 

24 . 18 25.70 

+1 . 93 +2 . 08 

27 . 37 30, 85 

!_1 . 82 !,1 . 95 

7 , 37 1 1 . 68 

!o 28 .;t1 . 30 

Corpora 
Lutea 

4, 25 

359 ,,67 * 

54 . 2 1 

108 , -54 

and S tandard Errors 
� 

TREA. TIVIENT 

1 2 3 4 

16. 89 27 . 45 28 , 98 26. 69 

:!;,.2 . 09 :t_2 . 52 ::!:,3. 9 3  ±_2 , 52 

19 . 97 29 . 98 34 . 23 32 . 32 

;!:.2 . 72 !ja .  38 ;t3. 70 � . 38 

4 . 60 6. 97 1 3  .. 5 1  10. 73 

±.1 · 93 .±,1 . 60 !,2 .: 62 �1 . 60 

Mean S quares 

Corpora Lutea + Ovarian 
Fol l ic l es 3mm. weight 

200 . 43 200 . 96 * 

516. 53 ** 2 16 . 32 * *  

65 . 18 7 1 . 89 

96 , 25 48 .. 04 



TI.BLE 4-5 

OVARI!.N fui.:SPONSE OF t.LL Eii'ES (EXPERIMEN!.Jl 

Compe.rison of Treatments Difference of means 

Corpora
8 

C orpora Lutea +
8 

Ovarian 

Lutea F o l l i cles ) 3mm. Weight 

TRT 1 V S  TRT 2 1 1 . 82 ** 6 . 02 0. 02 

1 1  
1 

1 1  
3 3 . 80 10 . 5 1 * 5 . 2 1  V S  

1 1  
1 

" 
1 1 . 02 * *  8 . 03 * 4 . 43 vs 4 

" 2 " 
3 8 . 02 4 . 48 4 . 30 VS 

" 
2 

" 
4 0 . 62 2 . 01 3 , 61 v s  

" 3 " 
4 7 .  39 * 1 . 67 0 . 77 VS 

LOV/ dose vs H i gh dose 0 , 40 4 . 06 * 2 . 2C 

TABLE 4-6 

COiVIPf.R I S ON OF MEJlNSA : OV!.RH.N il.ESPONSE OF EWES OVULf�TI NG 

( EXPERIMENT 1 )  

Compari s on of Treatment s Difference o f  means 

Corpora
8 

Corpora Lutea + 
8 

Ovarian 

Lutoa Follicles > 3r.un. Weight 

TRT 1 VS Tt1T 2 10. 55 * 10 . 00 2, 10 

" 
1 

" 
3 12 ,00 * * 1 4 . 26 * *  0 . 90 * *  vs 

" 1 1 1  
4 10 . 55 * 1 2 . 34 * *  6 . 12 * V S  

" 
2 

" 
3 0 . 7 6  4 . 25 * *  6 . 54 * V S  

" 
2 

" 
1 . 54 2, 34 3 . 7 6  vs 4 

" 
3 

1 1  
2 . 2 1  1 . 9 1 2 . 77 vs 4 

Low d o s e  vs H ig.'l dose 1 ,  6 1  3 , 46 4 . 3 1 . 

* P ( o.os A - S tudent -Ne\vman-Keu l s  Test 

** P < 0. 0 1  B - D i f ference in Trans formed Means 



TABLE 4:-7 

EFfi3CT OF S 3C�WNTIAL P . M . S . G . 'ffii3:�NT1 COliiPARED iH TH 

UNTR�t.TED Ei:ms : CORPORli. LUTEL ( TRJ'.NSFORMED DATA / 

OBSEFI.Vi.TION MEAN NillVJBER OF COHPOR:. L!JTEA /;.Nfi.LYS I S OF V t.RIJ..NCE 
��� 

S TD .  ERROR (/X+l ) 
P .  M. s .  G·. T.:t:.<;ATED

B CONTROLC MEAN SQUA.F.J�;s F 

( 30 )D * * �:' 
1 25. 90 14 . 45 ( 10 )  B etween = 901 . 97 19. 83 

+ 1 .  20 :!;.2 . 22 Hi thin = 49. 50 

2 16. 4 1  ( 20 )  13. 59 ( 9 )  Between = 50� 07  2 .; 07 

:!;.1 . 09 ,:!::1 . 63 Within = 24. 16 

3 1 3 . 57 ( 9 )  1 6 . 44 ( 9 )  Between = 37 . 13 1 . 93 

!, 1 . 46 !1 . 46 Vlith:i.n = 19 • 19 

TABLE 4-0 

EFF3CT OF SEQUENT!i�L P , l\1 , S .  G. 'ffi3/.T!Vlli:NT COMPi.RED WI' lli UNTI1Ei'l.TED �'lES 

COP..POB.io. LUTEi� PLUS FOLLI CLES GI1El .. TEI1 THJ.N 1 mm. ( TRh.NSFORlV:iED D!.T/;. ) 
i':. 

OBSi3RVJ.TI ON MEAN NUMBER OF CORPOlli.. LUTEA+ ANALYS I S  OF VJ.RIANCE 

FOLLI CLES 1 mm. + S TD .  ERROR (JX+ l )  

P ,  M. S ,  G .  TREATE:D 
B CONTROLC 

MEAN SQUARES 

1 43 . 38 ( 30 )D 
39 . 25 ( 10 )  Between = 127 . 92 

!, 1 . 90 !3 . 29 V!ithin = lOO . 7 3  

2 35 . 17 ( 20 )  32 . 03 ( 9 )  Between = 60 . 89 

_:t2.02 ;t3.02 \'li thin = 02 . 26 

3 32 . 03 (9 )  37 . 17 (9 ) Between = 1 18 . 69 

:+_:3. 25 !;3. 25 Within = 95 . 23 

A - Experiment 3 data 

B - Treated once , twice or three t imes respectively with P.M. S . G. 
before observations ono , two and three. 

C - The same animal s  laparotomised twice and then ki l l ed .  

D - ( )  Number of ewes/t reatment group . 

••• P <.  o.cxn 

F 

1 . 17 

0.74 

1 . 24 



F i g .  4-5 : - S ul,)crovul a t ecl ovaries t aken from a ewe given one 
inject ion of P . M. S . G . ( Trt . H4 , Expt . 1 ) .  36 ovu l a t i ons . 

F i g .  4-6 : - I nact ive ova ries of u ewe in Treatment E l  (Expt . 1 ) .  

Corpora albican s d en o t e  response t o  previous 

gonadot rophi c  s t imu lat ion . 





F i g .  4-7 Ovari e s  ob served at Day 10 of the o e s t rous cycl e .  

Ewe 6 - con t ro l , e�e 2 2  - superovu l a t ed .  

F i g ;  4 - 8  Ovarian s l ices showing luteinisut ion o f  fol l i c l e s .  

N o . 1 2 - non - ovu l a tory . No ' s 18 and 23 con t a i n  
corpora lutea. 





46 

Examples of superovulated ovaries from ewes in Experiment 1 

( taken 6 days after the onset of oestru s )  are shown in F i g .  4-5 and 

4-6. Ovaries of ewes in Experiment 3 ( 10 days after the onset of 

oestru s ) are seen in Fig. 4-7 . The cross sect ions seen in F is .  4-8 

are through lut einised fol l i c l e s ,  A t  Day 10 of the oest rou s cycl e ,  

luteini sed fol licles may resemb l e  corpora lutea but the two are 

cist inguished by the presence or absence of an ovulat ion point . 

Corpora L�tca�lus foll icles 

1 .  Corpora Lutea + fol l ic l es greater than 3 mm .  : All ewes 
( Experiment 1 )  

Both t reatment and dose hcd s i gnificant effect s (P< 0. 05 and 

P < 0 . 0 1  respect ively) on this measurement (Tab l e  4-3 ) . I n t eract ion 

between the two main eff ect s was not significant . The number of 

corpora lutea + fol licles ) 3 mm .  of ewes on Treatment 1 was 

significan t l y  lower than owes on Tre:::.tr.wnts 3 (P < 0 . 05 )  and 4 

(P ( 0, 05 ) . The high dos e of P . �r. . S . G .  ( 1 500 i . u . ) caused a 

significantly greater response (P  ( 0. 0 1 ) than did the low dose 

( 1000 i . u . ) 

These data are plot t ed in Fig.  4- 1 1  and 4- 1 2 .  

2 .  Corpora Lutea + fol l icles great er than 3 mm . Ewes ovulating 
(Experiment 1 )  

When data f rom ovulat ing ewes onl y  are analysed ( Tab l e  4-4 ) 1  

t reatment and dose effec t s  remain s i gnificant (P < 0 . 05 and P ( 0. 0 1 1 

respect ively ) .  Treatmen t s  2 1 3  and 4 produce signifi cantly greater 

response in this measurement than Treatment 1 (P < o.ol)  ( Tabl e  4-6 

and Figs . 4- 1. 3  and 4- 14 )__.. 

3 .  Corpora Lutea + follicles gpeat,t:;r thnn 1 mm .  : All ewes 
( Experiment 3 )  

Ewes t reat ed once , twice o r  three t imes wi th P . M, S . G .  do no� 



F I G U R E  4-9 :-

E F F ECT OF S EQU E N T I A L  P . M .S.G.  TR E ATM ENT ON OVU LA T I O N  RATE 

OF EWES OV U LATI N G  : R AW DATA 

<( UJ 1-::::> ....I 
<( a: 
0 Q.. 

1 2  

1 0  

8 

a:: 6 
0 u 
LL 
0 
a:: UJ 4 CO 
� ::::> z 

2 

1 000 

FI G U R E  4- 1 0 : -

L E G E N D  

TR EATME N T  SYMBO L 

1 • 

2 • 

3 0 

4 0 

CON T R O L  .& 

1 500 

P.M.S.G.  ( i . u . )  

E F F ECT O F  SEQU E N T I A L  P.M.S.G.  T R EATM ENT ON OVU LAT ION RATE O F  

EWES OVU LATI NG : T RANSFO R M E D  DATA 

30 
0 
..... 

X 

� 2 5 

<( UJ 1-::::> ....I 
<( 20 a:: 
0 Q.. a: 
0 u 
LL 
0 
a:: 1 5  
UJ CO 
� ::::> z 

1 0  

1 500 
P.M . S . G .  ( i . u . )  



F I G U R E  4- 1 1 : -

E F F ECT O F  SEQU E N T I A L  P . M .S.G.  T R EATM E N T  ON TH E N U M B E R  O F  C O R P O R A  L U T E A  

P L U S  F O L L I C L ES G R EAT E R  THAN 3 mm. I N  A L L  E WES : R AW DATA 

(/) 
1 5  

::::> 
..J E 
a.. 

E 

L E G E N D  

<t M 
UJ 

z 1-
::::> <t 
..J J: 1 0  1-

TR EATM E N T  SYM BO L  

1 • 
<t 

a: a: 
0 

UJ 
1-a.. 
<t a: 

0 
UJ 
a: (.) (.!) 

2 • 

3 0 

4 0 
u. 

(/) 5 0 UJ 

a: ..J 

UJ (.) 
CONTROL • 

al ..J 
� ..J 

::::> 0 
z u. 

0 1 00 0  
1 500 

P.M.S.G.  ( i . u . )  

F I GU R E  4- 1 2 : -

E F F ECT OF SEQU E N T I A L P.M.S. G .  TR EATM E N T  O N  T H E  N U M B E R  O F  CORPORA L U T E A  

P L U S  F O L L I C L ES G R E AT E R  THAN 3 m m .  I N  A L L  E W E S  : TRANSF O R M E D  DATA 

(/) 
UJ 
..J 
(.) 

0 .... 
X· 

40 

� � 30 

..J 
a.. 

<t 
E 

UJ E 

1- M 
::::> 
..J � 20 
<t J: a: 1-
� a: 
a: UJ 
0 1-
(.) <t 

UJ 
u. cc 
0 (.!) 
cc 
UJ 
al 
� 
::::> 
z 

1 0  

0 1 000 1 500 
P.M.S . G .  ( i .u . )  



en 
::> 
...1 
a.. 

<t 
w 
1-
::> 
...1 

<t 
a: 
0 
a.. 
a: 
0 
u 

u. 
0 

a: 
w 
CO 
� 
::> 
2 

en 
w 
...1 
u 

...1 
...1 
0 
u. 

en 
::> 
...1 
a.. 

<t 
w 
1-
::> 
...1 

<t 
a: 
0 
a.. 
a: 
0 
u 

u. 
0 

a: 
w 
CO 
� 
::> 
2 

F I G U R E  4- 1 3 : -

E F F ECT O F  SEQU ENTIAL P.M.S.G.  T R EATM ENT O N  T H E  N U M B E R  O F  C O R PO R A  L U T E A  

P L U S  F O L L I C L ES G R EAT E R  THAN 3 m m .  I N  A L L  E W ES OVU LAT I N G  : R A W  DATA 

1 5  
E 
E L E G E N D  

M 
2 
<t 

T R EATM E N T  SYMBOL 
J: 
1-

a: 

1 • 
1 0  

w 
1-

2 • 
<t 
w 
a: 

3 0 .... 

(!) 

en 
4 0 

w 
...1 
u 

CONTR O L  ... 5 

...1 
...1 
0 
u. 

0 1 000 1 500 
P.M.S. G .  ( i . u . )  

F I G U R E  4- 1 4 : -

E F F ECT O F  SEQU E N T I A L  P.M .S. G .  T R EATM ENT O N  T H E  N U M B E R OF C O R P O R A  L U T E A  

P L U S  F O L L I C L ES G R E AT E R  THAN 3 mm. I N  EWES OVU LAT I N G  : TRANS FO R M E D  DATA 

40 

0 .... 
X 

� 30 

E 
E 

M 
2 20 
<t 
J: 
l-

a: 
w 
1-
<t 
w 
a: 
(!) 

1 0  

0 1 000 1 500 
P.M .S . G .  ( i . u . ) : 



F I GU R E  4- 1 5 : -

E F FECT OF SEQU ENTIAL P.M.S.G.  TR EATM ENT ON EWE OVAR IAN WE I GHT : ALL EWES 

15 Grams 

L E G E N D  

TR EATME N T  SYMBO L  

1-
:I: 1 0  (.!) 

1 • 

w 
::: 

2 • 

2 : <t .. 
a: 
<t 

5 > 0 

3 0 

4 0 

CONTRO L ... 

0 1 000 1 50 0 
P.M.S.G. ( i .u . )  

FIGU R E  4-1 6 : -

E F FECT O F  SEQU ENTIAL P.M.S.G. TR EATM ENT ON EWE OVA R I A N  WEI GHT : EWES OVU LAT I NG 

1-:I: (.!) 
w 
::: 
2 
<t 

a: 
<t > 0 

1 5  Grams 

1 0  

5 

0 1 000 1 500 
P.M.S.G. ( i .u . )  



<( 
w 
1-
::> 
..J 

<( 
0: 
0 c.. 
0: 
0 
u 
u.. 
0 

0: 
w 
cc 
� 
::> 
z 

<( 
w 
1-
::> 
..J 

<( 
0: 
0 c.. 
0: 
0 
u 
u.. 
0 

0: 
w 
cc 
� 
::> 
z 

F I G U R E  4-1 7 : -

COM PA R I SON O F  EWES S E OU EN T I AL L Y  TR EATED W I T H  P.M.S . G .  AN D 

CONTROL EWES : OVU LAT ION R ATE 

1 0  

8 

6 

4 

2 

1 2 

OBS E RVAT I ON 
F I GU R E  4- 1 8 : -

3 

L EG EN D  

CON T R O L  

P .M .S.G.  

COMPA R I SO N  OF EWES SEOU EN T I A L L Y  TR E AT E D  WI TH P.M .S . G .  A N D  CONTR O L  

EWES : CORPO R A  L U T E A  PLUS F O L L I C L ES G R E AT E R  THAN 1 mm .  

E 
E 

..-

z 
<( 
::c 20 
1-

0: 
w 
1-
<( 
w 
0: 
(!) 1 0  

Cl) 
w 
..J 
u 
..J 
..J 
0 u.. 
+ 

1 3 2 

OBSE RVAT I ON 
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sign ificantly dif fer from cont rol animal s  in the number o f  corpora 

lutea + foll icles ) 1 mm .  These data are present ed in Tabl e  4-8 and 

Fig . 4- 1 8 .  

Ovarian \/0igh t  

1 .  £varian weight /1.11 eves ( Experiment 1 )  

Treatmen t s  o f  Experimen t 1 exerted no sign i ficant effec t s  on 

ovarian wei gh t s  ( Tabl e  4-3) . Dos e  ef fects and dose x t rcatment o 

interact ion were also not s i gnificant . 

2 .. �an weight : Ewes ovulating ( Experimen t 1 )  

By neglect ing non-ovulat ing ewes , s i gnificant t reatment 

(P <: 0. 0 1 ) and dose (P < 0 . 05 )  effect s were reveal ed in the analysis 

of ovarian weight s .  �wus o f  Treatment 1 had lower ovarian weigh t s  

than ewes of Treatments 3 ( P <O . O l ) and 4. ( P <.. 0 . 05 ) .  Treatment 3 

produced greater ovarian weigh t s  t han Treatment 2 (P <: 0 . 05 )  and 

the high dose of P . M . S . G . increased ovarian weight more than the 

low dose .  Mean ovnrinn weights o f  the t reatmen t groups are shown in 

F i g .  4- 1 6 .  

3 .  Dependence of Ovarian i'leigh t  on Ovarian Act i vi ty 

Regres sion analysi s on al l ewes in Experiment 1 (Table 4-9a ) 

showed that ovarian weight wa s s i gnificantly af fected by the number 

of corpo ra lutea (P < 0 • .00 1 )  and even more so by the number of corpora 

lut ea + fol l icles ) 3 mm. ( P < 0. 00 1 ) The regression analys i s  

presented in this table is fo r a n  overa l l  relat ionship .  The 

ind ividual regres sion coefficient s for each t reatment group are 

given in Tab l e  4-9b . 
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There was no signif ican t  relationship between ovarian wei ght 

und the numb er of corpora lu tea , or t he numb er of corpora lutea + 

fol l ic l es ) 3 mm .  1 in the con t rol animal s .  Large posi t i vo 

regre s s ion relat ion ships wore seen b et ween ovarian wei gh t  and 

numb e r  of corpora lutea and b etween ova r i an we igh t  and numb er o f  

corpora l u t ea + fol l i cl 0 s ) 3 mm . , in OVJes t rea t ed once. Tne se 

coun t erac t ed the smal l ,  and negat i ve regres s ion s of other singl e  

eroup rel a t ionships to produce t h e  overa l l  regress ion relat ion ship 

soon in Tab l e  4-9n, 

Ewe ovarian weight wo. s not s i gn i f i cant l y  affected b y  the 

numb er o f  corpora l u t ea p resen t  when ewes wore given throo 

sequen t ia l  inject ions but i f  fol l i c l e  coun t s  V/Cre also considered a 

s i gn i f i cant pos i t i ve rcgre G s ion was ob t ained . 

Difference in Ovulation ft n t o  b etween th e Hight and Left Ova ries 

Ewes of Experiment 1 ovulat ed mo re of t en on the l o f t  ovaries 

( 185 corpora l u t ea )  than on the ri ght ovarie s  ( 1 6 3  C. L. ) 

2 
(Chi = 1 . 267 1 N . S , ) .  This t rend was reversed when ewes o f  

GXperimcn t 3 were considered . I n  th ese lat t er ewes the t o t a l  

numb e r  of corpora lutea ob s e rved on t h e  righ t  ovaries wa s 147 , the 

. 2  
l ef t  ovar i e s  having 135 (Ch� = 0 . 4290 , N . S . ) .  A s  nei t her of these 

t rend s were st at i s t i ca l l y  s i gnif icant , there is no evidence that 

the r i gh t  ovary is more act iv e  than th e l ef t . 



Tt..BLE 4-9 

RELATI ONSHIP BET'/!E�N OV!.Rlt.N ·:!E I GHT 11.ND OVJUUAN i.CTI V I TY 

REGHESS I ON i�Ni:..LYS IS 

A. Ovcrull R�os sions 

!"!ELiiTI ONSHI P TESTED 

DEPENDENT 
Vf'.RI.'.BLS 

Ovarian ";it . 
1 1  

I NDE�ENDENT D . F .  RZGR . 

V /;.RI /.BLE C02FF , 

Corpora Lutoa GD 0 . 3952 

Corpora Lut ea + 69 
Follicles) 3mm. 

0. 4793 

B . Groue �egressions 

RZLt.TI ONSHIPS TES TED 

DEPENDENT I NDEPENDENT GROUP D .  F .  REGR . 
Vl.RI/..BLE VARii.BLE COEFF . 

OVli..RIJ".N VIT , Corpora 
" 

Lutea 
1 1  1 1  

1 1  " 

1 1  " 

" 1 1  

" " 

1 1  " 

" " 

" 
Corpora Lut ea 

1 1  + Fol l icles ) 3mm 
" 1 1  

" 1 1  

" " 

" " 

" 1 1  

" " 

" 1 1  

L l  

L2 

L3 

L4 

H l  

H2 

H 3  

H4 

cc 

L 1  

L2 

L3 

L4 

H 1  

H 2  

H 3  

H4 

cc 

0 

7 

6 

7 

7 

7 

5 

7 

7 

0 

7 

6 

7 

7 

7 

5 

7 

7 

0 . 0401 

o. 2679 

0 . 2831 

o . 7U 1 2  

o . o23G 

0 . 3082 

0 . 12 13 

o. 6037 

-0 . 4403 

0 . 6 103 

0 . 2556 

o. 3247 

0 . 6539 

0 •. 159 1 

0 . 3097 

0 . 4090 

0. 7783 

-o . 17 58 

l1EG1.1SSS I ON AN/.LYS I S  

S TD .  
ERROR rf• P 

0. 0623 6 .  34 p ( 0 . 00 1  

0 . 0623 7 .  69 P < o . oo 1  

REGR.ESa i ON /.Nio.LYS I S  

S TD .  
ERROR p 

0 . 2 54 1  0 . 1 598 N . S .  

0. 109 1 2 . 0456 N. S .  
0 . 0672 4 .  2823 p ( 0 . 0 1  

0 . 2558 

0. 2255 

0 . 0509 

0. 4959 

0 . 1055 

0. 30 1 5  

0. 1765 

0, 0963 

0. 1085 

0. 1997 

0. 0488 

0 . 0624 

0. 9584 

3 . 0539 

0 .. 1055 

6 .. 0550 

0 . 2448 

5 . 7 2 1 3  

1 . 4868 

3 . 4 597 

2 . 6542 

3. 0055 

3 . 2744 

3."260 3  

4 . 96 3 1  

0. 4267 

P (  0 . 0 1  

N . S .  

P ( 0 . 00 1 

N . S . 

P <. 0 . 0 1  

p ( 0 . 05 

P <_ o . os 

P < 0. 0 5  

P < o. o5 

p ( 0 . 0 1  

N ..S .  

o. 0755 10. 3986 p ( o. 00 1  

0. 1 100 1 . 4898 N..S . 

A - T Test based on Nul l  Hypothesis ; Test ing whether regression slope 

differs significantly from zero � . 



Ti".BLE 4� 10 

OVUL!. TI ON R-\ TE OF UNTRE/� TED Il:FFBCT OF S E/ .. SOH 

�b e£ of Ovulations/Ewo 

B 
OBSERV/.TI ON �����--��-------� 

( 10 ) 
C 

'IWO ( 9 )  ONE 

Numb er of :Swes hcving 0 C . L . 0 
1 1  1 1  1 1  1 1  

1 
1 1  

9 

1 1  " " 1 1  
2 

" 
1 

" 1 1  " 1 1  
3 

" 
0 

7Yiean3 and ;3 t andard S rrors 
�� �-�� 

Number of Corpora Lutea 

( TrPns formod Counts ) 

SOURCE OF Vfi.D.l!-..TI ON 

Between Ob s e rvat ion 

Srror 

C omparison of Means 

COMPf�iU SON OF 

OBS 3 VS OBS 

3 vs OBS 

2 vs OBS 

A Ewes of Experiment 3 

ONE ( 10 ) 
� 

14 . 45 

;!:0 . 6 1 

D .  F .  

2 

25 

M.? .• ANS 

2 

1 

1 

'lliUEE ( 9 )  

2 0 

6 3 

1 4 

0 2 

lVISJ-'..N j; S TD .  EaR OR 
OBSEr1VATION 

'J.'I.'/0 ( 9 )  THREE ( 9 )  

1 3. 57 1 6 . 85 

::,p. 64 � . 64 

ME/.N SC�U/.RES F 

26 . 06 

S I GNIFICANCE 

P < 0 . 00 1  

P ( 0 . 00 1  

N . S .  

B Ob servat ions 1 , 2 and 3 respect ively related to the 2nd , 3rd and 
4tll oest rous cyc l es of the breeding s eason .  

C - ( ) Numb er /Group 

*** P <o.oot 
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Ovulat ion Rate o f  Cont rol Ewes ( Experiment 3 )  3ffect of 

S eason 

Tabl e  4- 10 shows that the ovulat ion rat e  of unt reated ewes in 

Experiment 3 was sign ificant ly affected by the s t age of the 

breeding season . These ewes were observed to have signifi cant ly 

more corpora lutea on thei r ovaries at the fourth oes t rus of the 

breeding season than at the second . Thi s  effect was part ly due to 

the animal s  having more twin and t riple ovulat ions at t he fou rth 

oes t rus than at the s econd and thi rd .  

CHf.PTER SUMMf>.RY 

1 .  S equent ial t reatmunt with P .  �j;. s .  G .  s ignificant ly decreases th e 

proport ion of ewes ovul ating and the ovu l at ory response to t h e  

hormone .  Ovulation rat e per ewe i s  reduced b y  successive treatment 

\'Jhcther one considers a l l  ewes or only those ewes ovulating. 

2. The number of corpora luten + fol licl es ) 3 mm . is decreased by 

sequential treatment but this effect is not apparent i f  corpora lutea 

+ fol l icle s .>  1 mm .  are counted .  

3. Differences between ovarian wei ghts of ewes t reat ed up to three 

t imes with P . M. S . G. are on ly detect ed by el iminat ion of anovular 

ewes from the analys i s .  Ovarian weight i s  highly correlated t o  the 

numb er of corpora lut ea present vmen ewes have been superovulated 

once wi th P . M . S . G. Thi s  relationship lessens wit h  sequ en t ial t reat­

ment but if corpora lut ea + fol l icles are count ed high correlat ions 

with ovarian weight are maintained . The relationship between 

corpora lutea and ovarian weight of cont rol ewes is not s ignificant . 

4.  There is no evidence t o  suggest that t h e  right ovary i s  more 

active than the left . 

5. I n  unt reated ewes , a s i gnificant increase in ovulation rat e  may 

be seen at the beginning of the breeding s eason. 



C H � P T E n V 
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Chapt er V 

� E C T I 0 N 0 F A N T I - G 0 N A D 0 T R 0 P H I N S 

Resul t s  presen t ed in t h i s  chapter i nvol ve t est s on p l a sma o f  

sheep f rom Experiment 1 ,  v1hose o varian data were r:;i ven in 

Chapt er I V .  

I nnature Mou s e  U t erine �'iei gh t  Respon se to P. M . S . G . 

F i g .  5- 1 shows the P .  I·ll. S .  G .  dose-u terine wei gh t  respons e  

cu rve f o r  immatu:re mice injectec wi th 0 . 1 - 1 . 0  i . u .  P . M . S . G . 

Linear in creas es in u t erine v1eight w i th l og- incr ement s in dose 

were seen between 0 . 1 i . u . and 0 . 8 i . u . P . M. S . G. (F i g .  5-2 ) .  The 

l inear increase did not con tinu e above this dosage and 1 i . u . was 

seen to be sl i ght l y supra-opt imal fo r s t imu l at in g  increased 

ut erinG wei gh t . 

Do ses chosen for t he ant i-gonadot �ophin t e s t s  wore 0 . 2 5  i . u . 

and 1 . 0  i . u . P . M. S . G. The lm:wr d o s e  wps s e l ected to b e  mid-way 

in the log phase of the cu rve in F i g .  5-2 ( where linear in�reases in 

response VJere seen wi th l o g- increases in dos e ) . I t  \'!US thu s in the 

mos t  s en s i t ive region and ab le t o  det ect small chnnges in u t erii.1c 

weight , which could be due to ant ibody inh i b i t i on of respons e .  The 

hi gher clos e ,  being supra-op t ima l , would only be coJnt eract od b y  

l a rgG amount s  o f  nn t i-P . M . S . G. 

Tes t  for An t i-gonadot rophins in the P l a�a o f  �wos of Experiment 1 

F i g .  5-3 gi ves t he raw mean s ( unt ran sfo rrned ) for t he ut erine 

weight s  of mice given P . rll . S . G .  alone and P . M . S . G . plus p l asma f rom 

sheep of Experiment 1 and chron ical l y t reat ed  ewes . Fig.  5-4 

p resen t s  the same data a f t e r  l ogarithm i c  t ran sformat ion . �nalys i s  

wa s  performed on the t rcns formed dnt a , using mou s e  body weight at 
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slaugh t er as a covariet e,  The use of this covariate reduced 

the error monn square of uterine weight by 9 . 77% , compared with 

the error mean squcrc of nnalysis of variance. Adjusted mec.ns and 

sto.ndard errors of mean ut erine weight fo r each t reo.tment group in 

Fig.  5-3 and 5-4 are given in J•ppendix 4 ,  

S ub-cutaneous inject ion o f  P . M . S . G .  led t o  s ignificc.nt 

(P ( 0 , 0 1 ) incrcnscs in mouse ut erine weigh t s  over control an ima l s .  

1 . 0  i . u .  go.ve significantly grent er increas es than did 0. 25 i . u .  

( P  < 0 . 05 ) .  Responses o f  the mice on the two dos e level s were not 

sie;nificantly alt ered by the injoction of 0, 25 ml , plnsma. f rom ewes 

of Experiment 1 .  These resu l t s  are sum�aris�i in Tab l e 5- 1 .  

Tes..:L for J.nti•gonadot rophins in the pl asma of Ewes Chronica l ly 

Treo.ted wit h  P , M. S . G .  

Plasma f rom ewes chron i ca l l y  t reat ed wi th P . M . s . G . for 

6 weeks inh ib i t ed mouse uterine weight respons e to 1 . 0  i. u .  ot t he 

same hormone ( F i g .  5-3 and 5-4 ) .  The inhibit ion wa• ' not 

s t a t i s t ical ly s ignificant when the pl asma of ewes given 1000 i . u. 

P . IY:. S . G . ( twice weekly ) , was given to the mice. However , the 

plasma of ewes given 500 i . u .  P . M , S , G . under the same regime did 

inhibi t  the mouse res ponse to 1 . 0  i . u .  P . M . S , G, 

I f  ewes >Jere given their f irst inject ion o f  P . M. S . G .  in 

Freund ' s  adjuvant , their plasma was ab le to produce s ignif icant 

(P  (. 0 , 0 1 )  inhib i t ion of mouse ut erine weight response to the 

gonadotrophin. 

't"/hether or not F reund ' s  adjuvan t  was given , the plasma of owes 

given 500 i . u .  P . M . S . G. caused greater inhibit ion (not significant ) 

of mou s e  uterine weight response than did plasma o f  ewes given 

1000 i 1 u . (Fig. 5-3 and 5-4 ) .  
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r � ...... 

H 2  H 3  H 4  CC 500 1000 500 1000 
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MEAN UTE R I NE W E I GHTS OF M ICE TREATED WITH P. M . S. G. AND SHEEP PLA S MA : TRANSFOR M E D  DATA 

PMS PMS L 1  
1 i.u. ·2 5  

i . u .  

L 2  L 3  l 4  H 1  H 2  H 3  H 4  

0·25 i.u.PMS + pl a sma 

-------- -----------
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T R EATMENT GROU P 

l 3  l 4  H I  H 2  H 3  H 4  c c  

1 ·0 i . u P M S+plasma 

500 1000 500 1000 
+F + F 



TABLE 5- 1 

1.. 
COMP,'JUSONS OF iVEt..NS f.FTZR. iUU;.LYS I S  OF COVf-.HIANCE : MEAN UTE� 

\"TE I GHT OF MICE GIVEN P . �i . S , G . /LLONE OR 7!I TH  PL.C.SIVJi;. OF C:V/ES TR&'.TED -

VTI T:i P . M. S . G . 

C.OM:P/i..RI SON 

MOUSE T�li!:i:.'IWIE.t�T GROUP VS 

P . M , S , G . ALONE 

(0. 25 i . u . ) 

P . M. S , G , ALONE 

( 1 . 0  i . u . ) 

P . M . S . G. ALONE 

P , M. S , G , ALONE 

V S  

V S  

VS 

vs 

vs 

MOUSE TR:_i:f. Tr1iENT GROUP 

Uhinject'ed P< 0 , 0 1  

L'nirijoc'ted F <. 0 . 0 1  

P . M . S . G, ( 1 . 0  i . u. ) + Plasma P ( 0. 05 
of 3wcs given 500 i . u . 
P . M , S . G . alone 

P . M. S , G , ( 1 . 0  i . u. ) + Plasma P ( O .. O l  

of Ewes given 500 i . u .  
P . M. S , G. + Frounc r d  

P , M. S . G. ( l . O . i . u. ) + Plasma P ( O. O l  

o f  Ewes given 1000 i .  u .  
P . M. S , G . + Fround • s  

h - Only including comparisons o f  means that showed significant 
differences . 

B - Level of significance of compari son b etween two groups . 
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CHAPTER SUMMi..HY 

1 .  Uterine growth o f  immature mi ce was s t imulated by dosages of 

0. 1 - 1 . 0  i . u .  P . M, S . G. Linea r increases in this responoe were 

seen with log-increases in dose between 0. 1 - o. s i . u. P , M, S . G. 

2 .  The inject ion o f  p l asme from sheep t reat ed a t  up to three 

sequential cycles with P. M, s .  G • .  did not inhib i t  the mouse u terine 

wei ght response to P . M. S . G, , suggest ing that no ant i-gonadot rophins 

had developed in these sheep, 

3, P lasma of chron ically t reat ed ewes inhibited response to 

P � M. S , G . , sugges ting the presence of ant i-gonadot rophin s .  



C H � P T E R VI 

0 V h R I A N F 0 L L I C U L A a D E V E L 0 P M E N T 

O F  E � E S S E Q U E N T I A L L Y  

T R E A T E D U I T H P.M . S.G . 
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Chapter VI 

0 V A R I A N F 0 L L I C U L A H -"""D;...;;E;.....;V,....;:;;E;...;:;;L-.,;:;O.....;;..P
�

M;,;....;E;;;.• ..;;N;;..,;T;;..__..;O;;..,;;.,F 

E W E S  S S Q U E N T I A L L Y T H. E f-.. T E D VI I T H P . M. S . G .  

Experiment 3 was designed t o  investigate ovarian fol licular 

development of ewes t reated v1ith P . M. S . G. up t o  three successive 

t imes . Laparotomies nnd recovery of genit al tract s after s laugh t e r  

al loV�ed ovaries of such e"Wes t o  be examined a t  successive cycl e s .  

Data on su rface fol licles were reco rded at laparotomy and post­

mortem .  C ross s ect ional scores of antral fol licl es and the 

calculation of the percentage of these that were normal ,  provided 

further information on the treat ed ewes when the ovcries were 

recovered at slaughter. Relat ionships between paramet e rs at 

successive cycles ( repeated obs ervat ions on the same anima l s )  were 

also inve s t i gated , as v1erc the relat ionships between cross­

s ect ional fol licular count s and surface ob servations . 

S urface Ob servetion s  

Tables 6- 1 ,  6-2 and 6- 3 present ana lyses on t ran sformed count s 

of visually appraised foll icu l ar developmen t ,  token f ron owes 

t r eated once 1 twice and three t imes respect ively.  f. s t he controls 

varied in ovulation rat o r:.nd fo l li cu l ar clevelopmant from cycle to 

cycle ( see Table 4- 10 ) 1 the t reat ed ewes are compared to contro l 

ewes obs erved at the same time .  The t ab l es only show the data for 

total ovo.rian fol l i cular response. The right and left ovari es were 

found to b o  suf ficient l y  s imilar to justify pool ing t he data f rom 

both. Data on the count s of corpora lutea and of corpora lutea + 

total fol l ic l es from these sheep are shown in the previous chapter 

( Tabl e  4-7 and 4-8 ) .  



Tt.BLE 6- 1 

OVARIAN S lr.:W/'.CE J�CTI VI TY : OBS ERVi•Tl ON ONE 

Means and S tandard E rrors 

TREA TiflENT N ME/ .N NUiVIBER OF FOLLICLES /SHEEP .:!:. S TD .  ;�l\.I10R ( THl\.NSFORMED DA Ti'.. ) 

SMALL 

P . M. S . G. 30 22. 89 

.:!:, 1 .  78 

CONTitOL 10 19 . 08 

:t,3. 00 

J�alysis of Variance 

souncE oF 

Vf.FUATION 

D. F .  

MEDI UM LARGE 

22 . 53 10.; 80 

!, 1 . 60 .:!:. 1 . 06 

27 . 63 19 . 47 

,!2 . 78 !, 1 . 04 

SIVl! .. LL + MEDI UM 

3 1 . 32 

! 1 . 87 

33. 32 

;!:3. 25 

'""" · "' s ,.. u · R"'s"· l'l.l.t!,.h�l'( '-J i J. � 

------------------·--------�------------------

BETilEEN 

GROUP 

ER..'10R 

1 

30 

SMALL MEDI UM 

108. 57 194 . 64 

95. 63 77 . 29 

A - F rat ios all non- significant 

Li;.t1GE SMi'.LL + MEDI UM 

3. 44 38 . 62 

3L.l . 2 1 105 . 9 1 

Mi!:DI UM + L.t.RGE ALL FOLLICLES 

20 . 0 1  35 . 43 

:! 1 . 00 .:!:. 1 . 07 

32 . 6'.1 37 . 70 

:!;3. 26 .±,3. 25 

l.VillDI U!'!l + Ll'o.RGE ALL FOLLI CLES 

30. 27 38 . 62 

106 . 9 1  105 . 9 1  

---



TI.BLE 6-2 

OV!:.RII..N SURF..:"..C::!: i'..CTIVlTY : OBSERv,:.TI ON TWO 

Means and G t andard E r rors 

T:illl. TMENT N MEAN NUMB!ZR OF FOLLI CLES /SHi..::E:? !. S TD Er:::-:OU ( TI1b .. l'JSFOHMSD Di-i.TA ) 

SN'Ji.LL IVTEDI U!Vi 

P . M. S . G. 20 25 . 0 1  18 . 10 
±2 . 02 !,1 . 2 1  

CONTROL 9 2 1 . 54 w . 56 

:t_3 . 0 1  ;t, 1 . oo  

Analys i s  of Varian� 

SOURCE OF .  
D. F .  

V J..::nt-.. TI ON -
-

SMALL MEDI UM 

BET\"lED:N 1 74 . 83 0. 97 

GROUPS 

ERi.10il 27 3 1 . 63 29 •. 39 
-

A - F rnt ios all non-significant 

L/.RG::;; 

16. 56 

!; 1 . 52 

17 . 20 

�2. 17 

Lt .. klG� 

2. '40 

46 • .  60 

Sl\1il.LL + !'/LSD! Ul'vi 

29 . 57 

:!,2 . 1[l 

26 . 74 

!,3. 25 

A l\'�kN SO;U!i.RES 

M:3DIIDII + IJ�RGE f�LL FOLLICLES 

2 1 . 98 32 . 1 5 

!.1-. 24 ;t,2 . 1 1  

2<1 . 03 30. 56 

:!:1 . 05 !,3 . 15 

--

SW.LL + MEDI U!'!. MEDI UM + Ll�:CiGE ,:..LL FOLLICLES 

48 . 62 26 . 15 15. 59 

G 5 . 36 31 . .  02 89 . 49 



Tf.BLE 6-3 

OVARI IJN S URFACE �CTIVI TY : OBS EaV�TI ON TI1REE 

Means and S tandard Errors 

TnEh.TMENT N 

P . M. S . G. 9 

CONTROL 9 

Sl\flf�LL 

2 1 . 54 

:t,2. 16 

2 1 . 46 

±.2 . 16 

Analysis of Variance 

SOimC3 OF 
Vi.RIATI ON 

BET'!lEEN 

GROUP 

ERHOR 

D .  F .  

1 

16 

SMli.LL 

0 . 03 

42. 24 

r�iEAN NUIV1B:3R OF FOLLICL3S /EVJE !. STD EP.ROR 

MEDIUM 

10. 56 

!,3. 00  

23, 32 

::3. 00  

MEDI UM 

101 . 80 

8 1 . 35 

Lll.RGE 

17 . 20 

.:!:,1 . 65 

17 . 69 

,!1 . 65 

Ii"RGE 

0.72 

24. 56 

Sl\U'.LL + MEDI UM 

30 . 50 

:!:,3. 50 

27 .06 

!t3� 58 

MEii..N sqUiLRES 

SM/I.LL + MEDI UM 

4 . 6 1  

1 15 . 47 

MEDIUM + lJ'.fi.GE 

27 . 00 

.;!:3. 70 

20. 70 

!,3 . 70 

1\JEDI ffivl + Lll.RGE 

4 1 .03 

129 . 03 

t .. LL FOLLI CLES 

30. 56 

!,3. 5 1 

12. 35 

!,3. 51  

f...LL FOLLICLES 

53. 4 1  

1 1 1 . 22 
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OBSE RVATI ON ONE OBSE RVATION TWO OBSE RVAT I O N  TH R E E  

1 -3 3-5 > 5 TOTAL 1 - 3  3-5 > 5 TOTAL 1 -3 3-5 > 5 TOTAL mm . 

F O L L I C L E  S I Z E  C AT E G O R Y  
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Trends in all parruneter�:; , at onch of th ree cycles are shown 

in F ig .  6- 1 .  There was litt l e  variat ion in the total number o f  

surface fol licles present in the o varies o f  ewes given e i ther one , 

two or three sequentiel treatmen t s ·. A t endency t owards increasing 

numbers of smaller fol l icles , tmd decreasing numbers of larger 

fol licles , with increasing numbers of sequential t reatment s  is no t 

marked . The number of fol licles in each diff0rent size category 

for t reated animal s did not diff er f rom those of the cont rol s at any 

of the three observations . 

Tab le 6-4 shows the ova rian surface data of the three t reat ed 

groups at slaugh t er .  The se groups differed signif icent ly i n  

ovulation rate (P < O � OOl ) .  Ewes given one inject ion had signifi­

cantly greater ovulat ion rat es th�n ewes given two or three 

inj ect ions wh ile the l atter two groups did not differ. Swes of 

Treatment th ree ( 1 injection ) had significan t ly more (P< 0 . 05 )  

fol l i cles grea t er than 3 mm .  (med . + l go . ) than ewes o f  treatment 

two ( 2  inject ion s ) .. However ,  ewes of Treatment one ( 3  injection s )  

d id not diff er f rom owes o f  Treatment three in th i s  measurement .  

ffuen th e to tal sum d corpore lutea and all fol l icles i s  

con sidered , ewes given one injection showed a significantly larger 

s core than the o ther two group s .  

The relat ionships b etween variates over two immediat e  oes t rous 

cycl es are analysed for control animal s in Tab l e  6-5 and for ewes 

t reat ed up to three t imes with P . M . S . G• in Tab l e  6-6. Thes e  

relat ionships were invest igated b y  regres sion analysis and t he 

number of corpora lutea at any one obs ervation are related t o  

laparotomy observat ions a t  Day 10 of t h e  previous cyc l e .  I n  the 



TABLE 6-4 
OVARIAN S URFACE t.CTI V I TY : OBGEilVt.TI ON f.T SLi.UGHTER 

Moan s end S t andard E rrors 

TRiY.TMENT N 

1 ( 3  I njections ) 9 

2 ( 2  I njection s )  20 

3 ( 1  Injection ) 30 

/�alysis of Variance 

S OURCE OF 

V I•?. I A. TI ON D. F .  -

I'YIE/..NS .:!:. !3RROH3 Or TRt'..NSF CRrvi�D COUNTS 

CORPORh S!VU.LL FOLL . fl'iED .  FOLL . LGE . FOLL . S M .  + fv:C�D .  i\T:m. + LGE . 

LUTEA. FOLL . FOLL . 

16. 448 2 1 . 46 23. 32 17 . 69 30 , 08 27 . 00 
!.1. 7 3  _:t3. 50 ,;t3 . 03 !;2 . 30 .:!:,4 . 27 .;t2. 9 1  
1 5 . 45A 26 . 17 10·. 07 10 . 07 3 1 . 00  23 . 37A 
;t1 . 16 !;2 . 34 !;.2 .03 _:!1 . 60 �2 . 06 ,:!:1 . 95 

AB ·'· 

24. 43 25 . 9'-:1 22. 33 22. 33 35•44 32.. 394• 
tfJ. 95 .:!:1 . 9 1  .:t,1 . 66 ;t1.  30 ±.2·. 34 .!.h 59 

MEAN S(.')Ul•RES 

CORPOH.A SMJ' .. LL FOLL. MED. FOLL . LGE . FOLL . SM. +fli.3D . M2:D . +  LGE . 

LUT31l. FOLL . FOLL . 

BETWEEN GROUPS 
*** 239 . 45 65. 70 

1 10. 4 1  
100. 72 

02 . 90 
56. 20 
5 1 . 20 

79 . 07 
164 . 69 

* 203. 60 
ERROR 27 . 24 

A 1 B  - Groups with the sruno sub script s arc signif ican t l y  di ffor�nt mocns 
* P < o. o5 
** P <o.ot 
* **  P < 0.001 

76 . 24 

ALL 

FOLL . 

34 . 0 1  
:!::,4 . 03 
34 . 00 
!2 . 70 
4 1 . 24 
j:2 . 2 1 

1'..LL 
FOLL . 

17 1 . 57 
146. 59 

C . L.  + 

FOLLI CLES 

37 . 1l· 
!.3 . 137 

B 36. 30 
,t2 . 59 
47 , 19AB 

±.2. 1 2  

C . L. + 

FOLLICLES 

* 360 . 62 
135 . 16 



TABLE 6-5 

F..3Lf .. TI ONSHI PS BETWE3l'� OVUL.".TI ON H.t•TE !.ND OVJ'.F:Ii' .. N ACTI VI TY 

Ci-! DAY 10 OF THE ?i1EVI OU3 OE3Tl.10US CYCLE : CONTROL B\IES . 

A B RELi:.TI ONSHIP REGR . S1'D. D. F ,  T P 
COEFF . EP..R0�1 

L . C. L. 3 vs L . C. L . 2 -0. 1595 0, 6906 7 0. 2283 N , S .  

L . Sm. Fol l . 2 0 . 2309 0, 2479 7 0, 9314 N . S .  

L , l'iicd . Fol l .  2 -o. 6930 o. 3746 

L. Lge . Fol l . 2 -0. 3523 0. 3470 

L . Tot ,Fol l . 2 0. 0020 0, 2299 

L . C . L . +Fol l2 0. 0030 0. 2290 

L . C . L . 2 vs L . C . L . 1 -0. 6667 0. 2 102 

L.Sm. Foll . 1 0. 2293 0. 1294 

L . Med .Fol l . 1 0, 0060 0 , 0803 

L . Lge.Fol l . 1 0. 2525 0. 2496 

L , Tot .Foll . 1 0 . 04 3 1  0 , 0836 

L . C. L . +Foll 1 0. 0234 0,0062 

R . C . L. 3 vs R . C . L . 2 1 , 01 16 0, 406 1 

n . s m . Fol l . 2 0. 4932 0 , 2572 

R . Med ,Fol l . 2 -0. 4 126 0 . 4235 

R . Lge . Fol l . 2 0. 1705 0 , 4466 

R . To t . Fol l . 2 -0. 6536 0, 3029 

a . c . L . +Foll2 -0. 4774 0 . 39 17 

ll . C . L . 2 vs R , C . L . 1 0. 5442 0, 1426 

R , Sm.Fol l . 1 0,0366 0 . 09 14 

R.Med .Foll . 1 0 , 0222 0 . 10 10 

R . Lge . Fol l . 1 0. 2096 0 , 07 1 5 

R . Tot , Fol l . 1 0. 077 1 0. 0744 

n . c . L . +Fol l . 1 o . 0062 o. 0596 

7 1 . 0499 

7 1 . 0129 

7 0, 0121 

7 0. 0165 

7 3. 0554 

7 1 . 7720 

7 0. 0747 

7 1 . 0 1 16 

7 0. 5 155 

7 0. 27 14 

7 2. 00 10 

7 1 . 9 160 

7 

7 

7 

7 

0, 9742 

o. 3817 

2. 0570 

1 . 2187 

7 3. 0 160 

7 o. 3676 

7 o. 2198 

7 2 . 9314 

7 1. 0362 

7 1 . 4463 

N . s .  

N . S .  

N . S .  

N . S .  

P <. 0. 05 

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

N . S .  

P < o . o 1  

N . s .  

N . S . ·  

p (0 , 05 

N . S .  

N . s .  

A - L .  = Left , R .  = Ri ght , C . L .  = Corpora Lutea ,  Subscri pts denote 

Observations 1 , 2 and 3 .  

B - T Test based on Null Hypothes i s ;  Tes t ing whether regress ion 

s lope differs signi ficant l y  f rom zero . 



Tf...BLE 6-6 

&:L!.TI ONSHIPS BETIIEEN OVULATI ON lU.TE AND OVrJ.UAN li.CTIVI TY 

ON DAY 10 OF THE PREVI OUS OSSTHOUS CYCLE 

HEL!. TI £NSHIP 
T.sSTED 

REGR . 
COEFF. 

1 . 1035 

L .Sm . Fol l . 2-0 . 2296 

L . Mod .Foll2-a , 2032 

L . Lge . Foll 2 0 . 4326 

L . Tot . Fo l l2 -0 . 1507 

L . C . L+Fol l2 -0 . 1 174 

L . C . L . 2 vs L . C . L . 1 0. 24 15 

L . Sm.Foll . 1 -0. 1 352 

L . Mcd , Fol l 1 0 , 5026 

L . Lgc.Fol l 1 0 . 49�1 

L . Tot .Foll 1 -0. 0675 

L . C . L+Fol1 1 -0 , 0675 

0. 5016 

R . Sm . Fol l 2 -0 . 4275 

R . Mcd . Foll 2 0 . 1569 

� . Lgc . Fol l2 -0. 1760 

�. Tot . Fol l2 -0 . 1916 

:-;. . c .  L+Fol l2 0. 1046 

n . c . L . 1 -0. 0 151 

H . Sm . Foll 1 -o . 3403 

it . Med . Fol l 1 0 . 1030 

U. Lgc. Foll 1 -0. 4350 

� . Tot .Fol l 1 -o. 14 13 

R. C. L+Fol l 1 -o. 0901 

STD,  D. F .  � P 
:.!:�E�OR 

o. 4545 7 2 .  4279 p < 0 . 05 

0. 19 19 

0. 6474 

0. 54 14 

0. 1047 

0. 2345 

0. 1965 

o. 3 1 13 

0 . 2 127 

0 . 44 1 3  

0 , 2672 

0 . 2672 

0. 6230 

0. 2762 

0. 4257 

0 . 7 330 

0. 25G5 

0. 2547 

0 . 3620 

0 . 1740 

0 . 3325 

0 . 3050 

0 . 231 1  

0. 2090 

7 1 . 1960 N . S .  

7 0. 3 1 38 N . S ,  

7 0. 7990 N . S . 

7 0. 7740 N . S .  

7 0. 5006 N . S .  

0 1 . 2290 N . S .  

0 0 . 4 343 N . S .  

o 2 .  3629 P <o . o5 

0 1 , 1 1 00 N . S .  

0 0. 2526 N . S .  

Q 0. 2526 N . S .  

7 0 , 2526 N . S .  

7 1 . 5447 N . S .  

7 0. 3685 N . S ,  

7 0. 2409 N . S .  

7 0. 7469 N . S .  

7 0. 4 106 N . S .  

0 0 . 04 16 N . S  • . 

0 1 . 9523 N . S . 

0 0. �527 N . S  • . 

8 1 . 1432 N . S . 

s o . e 1o9 N . s . 

0 0 . �693 N . S .  

A - L .  = Loft , R .  = aight , C . L . = Corporn Lut ea .  Subscripts refer 
to Observations 1 , 2  and 3 .  

B - T Test based on Nul l  Hypothesis ; Test ing whether regression 
slope differo significantly from zero. 
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con t ro l  animal s  1 corpora l u t ea scan on the right ovaries of evJC s 

at the s econd ob servat ion v.rere s i gnif i can t l y  related (P < 0. 05 )  to 

the numb er of l arge f ol l i cl es s een 6-8 days b efore oes t ru s  

( obs erva t i on 1 ) . The cor�ora l u t ea s een at the s econd ob s e rvation 

were rel a t ed to t h e  numb er of corpora l ut ea s een at t he prev ious 

ob s ervat ion ( R . C . L .
2 

vs R . C . L .
1 

nnd L . C . L .
2 

vs L . C . L .
1

)* ( Tab l e  6-5 ) .  

The regre s s ion coef f ic i on t s  of these relat ionsh i p s  ere oppos i t e  in 

s i gn and h ence no real t rend s a ro apparent . 

Of the P . M . S . G . t reat ce animals , very f ew s i gni f i can t 

relat i onships were found . Ovu l a t ion rat e  o f  the l ef t  ova r i e s  at 

the t h i rd oe s t rus was po s i t ively correl ated t o  th e ovu l at ion rate 

of the samo ova ries at the second o e s t rus and this regress ion was 

sign i f icant (P < 0 . 05 ) .  Ovu l at ion rate o f  th e l ef t  ovaries at t h e  

second o e s t rus \Va s  s i gn i f i cant ly rel a ted t o  med ium si zed fo l l icl es 

( 3- 5  mm . ) i .. t Day 10 of th e previous cyc le ( F <.. 0 . 05 ) .  ;". gai n , the 

sign i f icant relct ion shi p s  ob t ainec ho.ve l i t t l e  real imp l i ca t ion 

b ec�use t h ere e re no con s i s t ent t rends .  

To tal Ovarian hct i vi ty 

Th e  numb e r  o f  an t ral fo l l i c l e s  in serial 2 mm .  s l ices gave an 

es t imat ion o f  the total ovarian act ivity and the numbe r  o f  fol l ic l e s  

that were potent i al l y  abl e to b e  stimu l �t ed b y  gonado t rophin . The 

numb er of nn t ral f ol licles per ovary wus e s t imat ed by count ing the 

number per 2 m�. sect i on anc summing them f o r  each ovary . Tab l e  6-7 

•· Regress i on of corpora l u t ea on ri ght/l ef t  ovar ies at the s econd 
ovu l at i on , on corpora l u t ea o f  the s am e  ovari es at ovu l a t i on one .  



TABLE 6-7 

ESTIMATI:S OF TOTl:.L OV!�IUAN FOLLICLE :20PyL:�TION : NUMmm OF !�NTil.AL 

FOLLICL.il:S/OVAHY ( TPJ'..NSFO�WJED DATA ) .  

Means + S tandnrd Errors 

TilE!. TiYIENT 
G�10UP 

NUMBER/GROUP MEJ'.N NUI'till�r. OF f...NTRhL FOLLICLES 
PJ:;:J. OV :.CI.Y .:!: S •. E .  ( ../X+i ) 

1 

( 3  I nject ions ) 

2 

( 2  I njections ) 

3 

( 1  I njection )  

4 

( Uninjcct ed ) 

4 1 . 50 + 3.·53 

10 47 . 1D + 3 •.  35 

10 40 •. 97 + 3. 35 

9 36 . 57 .:!:. 3 • .  53 

Analxsi� of Variance 

S OU:::C3 OF Vi.r.Iii.TI ON 

BET\,.,SEH G:-tOUPS 

D. F .  

3 

34 

lVIEAU S'iUARES 

10 1 . 22 

1 12 . 52 

TABLE 6-0 

F p 

1 . 6 1 N . S .  

ESTII'II!•TI ON OF 'ISE PnOPORTI ON OF NORJ',!AL f�NT�1i.L FOLLICLES/TO'I'AL 

TUEi\. TiviENT GilOUP 

1 ( 3  I nject ion s )  

2 ( 2  I njections ) 

3 ( 1  I njection ) 

4 ( Uninjected ) 

ANTRAL FOLLICLES 

NUMBE� OF SAlVlPLES 
OBSEl1VIm 

10 

10 

10 

10 

% NOil.MAL LNTRAL FOLLICLES/TOTAL 
ANTPJi.L FOLLICLES (CCR.HGCTI ON 

Fi'.CTOR ) 

3 1 . 2% 

3 1 . 2% 

1 3 . f1%  

33.0% 



TABLE 6-9 

ESTHIILTI:S OF THE TOTJ..L NOUMi�L f.NTH!l .. L FOLLI CLE POPULJ�TI ON : 

N UMBE:1 OF NORMAL f.N1YU .. L FCLLICLi3S/OV/.l1Y ( 'I'RANSFOHV!ED DATA ) .  

Means + S tandard E rrors 

Ti:\l!:A TI!'£NT GROUP NUMBEP./GROUP M13h.i'l' NUMBER OF NOPJilAL ANTPJ'.L _ 

FOLLICLES P:<:U OVJ.RY ±., S . E . ( J X+ 1 )  

1 ( 3  I nject ion s )  9 24, 03 + 1 . 63 

2 ( 2  I njections ) 10 27 . 7 1  + 1 . 55 

3 ( 1  I nj ection ) 10 17 . 87 + 1 . 55 

4 ( Uninjoct ed ) 9 22 . 59 + 1 . 63 

��alysis of V ariance 

DEG��S OF FREBD�1 l\2hN SQU/.:KES F p 

BET,'/EEN GaOUPS 

Compari son of Means 

TiGl'.TMENT VS 

1 VS 

1 vs 

1 VS 

2 vs 
2 vs 
3 VS 

3 

34 

TIGJ'. TMENT 

2 

3 

4 

3 

4 

4 

17 1 . 4 1  

24 . 10 

S IGNIFIC.l\.NCE 

N . S .  

P <: o. oo 1  
N . S . 

P < 0 . 00 1  

N . S .  

P ( 0 , 0 1  

7 , 1 P <. O , CXJl  
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presen t s  the datn obtained f rom t hese count s .  There was no 

si gni f i cant diff erence between t reatment groups in the numbe r  o f  

antral fol l i cles per ovary. 

Histological examinat ion of 10 of the 2 mm. s lices per 

treatment group anabl od estimat ion of tho number of normal nnt rul 

fol l icles per total ant ral fol li cl es .  A n  averaGe fiGure was 

obtained for each group and th ese are given in Tab l e  6-8 . The 

figures ( correct i on factors ) presen t ed in thi s table were u s ed to 

correct the dat� of Table 6-7 (mean number of an t ral fol l icles per 

ovary ) . 

Photomicrographs showing variou s stages o f  foll icular a tresia 

are soGn in Fig. 6-2 to 6-7 . 

The £roport ion of normal ant ral fol l icl e s/ total ant ra l  

fol licles of ovaries recovered f rom ewes o n  Treatmen t  3 ( 1  injection ) 

rtas lower than that of the other three groups ( Table 6-0 ) .  Th0 

other three groups wore comparab le in thi s measu re . 

Analysi s  of fol l icle popul nt ions corrected for the d egree of 

at resia i . e. normal fol l icles p er ovary , is given in Tab l e  G-9 and 

the applicat ion of the correction factor revea l s  t ha t  owes of 

Treatmen t  3 had a significantly lower ( P< 0 . 00 1 ) number of normal 

fol licles per ovary than the other groups .  

Rol at ionshi£s Between Tot al Ovarian Data and Surface Data • 

Relationships between est imated total ovarian acti v i ty and 

ovarian surface observat ion s wore t est ed by regression analysi s. 

The e s t imat ed total number of ant ral fol licl es per ovary and the 

estimated total number of normal antral fol l i cl es per ovary were 

related to the number of surface follicles per ovary and t he 



Fig. 6-2 : - Normal fol l icle sect ioned th rou�h the ovum : 
a ovum ; b - cumulus c e l l s ; c - g ranulosa cel l s ;  
d - theca in tozna ; o - theca ex t e rna ( x  163 ) .  

Fig. 6- 3 : - C ro s s  sect ion of a normal terti ary fol l i cle : 
a - granu losa ; b - theca in t erne. ; c - theca 

ext erna {x 65 ) .  





Fis.  6-4 : - Cross sect ion of th e lut einised wal l  of n cys t i c  
fol l icl e :  a - theca int erna ; b - lutein cell s ;  

c - thecn ext erna ( x  1GB) . 

Fig, 6-5 : - Enrl y atresia of a t ert iary follicl e :  a - granulosa 
cel l s  moving into the ant rum ( x  168 ) .  



-
- - -- -- -- -



Fig.  6-6 : - fl.t rcsic. of a t erti ::.ry foll icl e ;  d i s int egrat ion of the 
granulosa (x 65 ) .  

Fig.  6-7 : - Lat e  atresi a  of a t ert iary foll icl e ;  granulosa 
cel ls d ispersed throu ghout th e ant rum (x 6 5 ) .  
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number o f  corpora l u t ea per ovary . None of these regres sion 

relat i on sh ips were found to be si gn i f ico.n � .  The regression 

coef f icien t s  ere g iven in hpp�<dix 5 .  

CH.h?TEH SUrtlM!.RY 

1 .  [;.l t hough t here i s  no evidence of a reduct ion in total 

ovarian popu lation with increasin g numb ers of s equent ial t r eatmen t s  

v1ith P . M . S . G . 1 there i s  a t rend t owa rds increas ing numb ers o f  sma l l  

fol l ic l es and decreasing numb ers o f  large fo l l i c l e s .  None o f  th ese 

t rend s  were shown t o  be st� t i s t i ca l l y  s i gn i f ican t . 

2 .  The numb er of fol l ic l es g reat e r  than 3 mm . was seen t o  b e  l es s  

in ewes t reat ed twice with P . M . S . G. thnn i n  ewes t rea t ed once 

( ob s e rvat ion 10 days af t e r  t he on set of oes t rus fol lowinG 

inject ion ) .  

3 . Relat ionships b ctv1een ovu l e.t ion rat e  and ovarian act ivity 

( surface ) ob s erved on Day 10 of th e previous cyc l e  are poor. 

However , relat ion ships between est imated total ovarian activity 

and ob s erved su rf ace act ivity are n o t  s ign ifican t , indi ca t ing tha t  

surface ob s e rvat ions do not represent total ovarian act ivit y .  

4 .  The number o f  total normal an t ral f o l l ic l e s  per ovary was s een 

to b e  s i gn i f ican t l y  lower 10 days a f t e r  on e inject ion with P . M . S . G .  

than at a s imilar t ime a f t e r  a second and th i rd inject ion . 



C H A P T E R VI I 

D I S C U S S I 0 N 
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Chapt er VI I 

D I S C U S S I 0 N 

Synchronisation and Oes t rou s Phenomena 

Oes t rou s cycles were s ynchron i s ed with p roges togen s p onges 

to a s s i s t  t he conduct of t he experiment s ·. 

i. f t er 14 days int rnva(jinal admini st rat ion o f  i'!l . l  •• :;:>� to 

cyc l i c  ewes ( Expt . 1 ) ,  inj ection · of P . M. S . G . was ob served not to 

affect the t ime after sponge wi thdrawal in whi ch evtes came into 

oestrus. Nei ther d id th i s  in ject ion of P � M� S . G . reduce th e nwnb er 

of ewes showing s i len t oe s t ru s .  

Tiob inson an d  Smith ( 1967 ) hav e shown the adminis t rat ion o f  

P . Ivl. S . G . af t er sponge withtl ravml to increase t h e  number o f  

anoes t rous c�es b rought into oes t rus w i t h  progesta�on s ponge 

t reo.tment . Furth ermore 1 ewes wore brought into heat ear l i e r  \?hen 

P . M . S . G. was given .  � t t empt i n g  to induce earl y b reeding , Gordon 

( 1D7 1a)  showed that more ewes ¥/ere mat ed after progest agen t reat­

ment wh en P . f,J . S . G . was given .  With ev:es given p rogesterone 

t r eatmen t  ea r l y  in the season , Rob inson ( 1955 ) found that P � M. S . G . 

\"/OUld give an earlier and a more pr :;dictable ons et of oes t ru s ,  but 

later stated ( nob inson , 196 1 ) that th i s  e f f ect was more marked in 

younger ewe s .  Ford ( 19 6 6 )  d eri ved no advant age in giving 

gonadot rophin to cycl i c  ewes t reat ed wi t h  progestagen s .  The 

ind i cation s are therefore , thc.t P . M . S . G.- may eff ect a (S rea t er 

oest rous response in ewes treated with progestaGens in t h e  

anoes t rous s ea son o r  early i n  t h e  breedin g season .  The effect seems 

l e s s  marked when mature mvcs nre t reat ed , l a t e  in the b reeding 
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season. The synchroni sa t ion ob t ained in ewes o f  �xperiment 1 

sub s t ant iat es t �. i s  thou gh t . 

I nj ection of 10 m g .  p roges t erone in oil , on Day 12 of a 

1 1.1 d ay int ravaginal fv'i . I� . P .  t reatment , may provide a more 

effective s ynch ron i s n t i on of e£'.rly-brcd ewes t han M . A. P . 

t r eatment alone.  

Robinson at E-l.· ( 1960 ) showed a l inoar decl in e ,  wit h  t ime o f  

insert ion , i n  t he amount of res idual proges tagon i n  an inserted 

int ravaginal s pong e �  Proccst agon t runtment earl y in tlw sea son i s  

thought t o  prime oes t rogen rece�t ors (Raeside and McDonel c ,  1959 ; 

Gibson and Rob inson , 1'07 1 ) .  I t  was t here fore thouGht tlmt inj ect ion 

of p roges t e rone in the let t er s t nges of an int ravaginal trcetment 

may supp l emen t t h e  d epl et ed suppl y  in the spon ge and give o. mo re 

eff ect ive priming of o c s t ro�cn roco) t o rs . 

B ind on and nobert s ( 196<1 )  dec rea s ed t he vc.riabil i ty in t ime 

of on set of o�st ru s  fol lowinc; s ynchron i sation by t he comb ined u se 

of short- and long-act in g  p::toGes tagen s .  

Gordon ( 1 97 1b ) su gges t ed t hat minor mod i f icat ions in 

prog estagon t reatm en t s  may improv e th e oes trous response of early 

b red ewe s  and t h a t  th i s  vm s prob abl y rel a t ed t o  t he amount of 

p rogestagen abso rb ed .  However , Gordon ( 197 1 d ) f ound that the 

addi t ion of 400 mg . of p roges t erone , t o  an int ravaginal sponge 

already impregnated w i t h  p roges t agcn ,  did not improve the oes t ro u s  

r espon s e  in such ewes and only gave marginal sup er io r i t y  i n  cyc l i c  

ewes . Robin son £! �· ( 1960 ) and aobin son ( 197 1 )  indicat ed t hat 

this e f f ect may b e  achieved by mod i f i cat ion s  in preparation of 

proges tagen spongos . 
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Al though synchronisat ion in Expe r iment 3 wa s bet t er than 

thut achi eved in Exporimon t 1 1  comparison b etween t ho two t ri a l s  

i s  l imi ted . Lamond and Bindon ( 1962 ) 1 Lamond ( 1 96,! c )  and 

Rob inson ( 1 97 1 )  have d emon s t r a t ed s easonal variat ion in owe 

response t o  p rogo s t agens and fo r this reason , comperison s in 

Tables 3-2 and 3-4 arc not s t ric t l y  val id . No cont rol e-,,cs were 

e.va i l ab l e  to gua g c  the e f f oc t i v eness of a progcs t e:;:-ono injec t i on 

Ee r  � but the given compar i son s were carried out in o rder t o  

ob t a in some ind ication of whether such a pract ice hold3 c.ny 

fu ture promis e .  

Ewes came into oest ru s  over a more compact period ,-;hen owes 

wore given an inj ect ion of prof1o s t crone and M .  t • •  P .  rathe r than M. A .  P .  

a lone . A Grea t er numb e:::- o f  eues tJCro i n  oest ru s on Day 2 

f ol lowing wi thd rawal o f  spon;;c s .  The p rog e s t erone inj ect ion 

ap:�ears to have p roduced a bet t e r  synch ron i sa t ion .  The rcsul -:: s of 

?.ob inson et al . ( 1960 ) ind icate that there i s  con s iderab l e  between­

owe variat ion in the amou n t  o:i p ro ge: s t agen ab sorb ed from pro gcs t agon 

improgn£, t od sponge s . Admin i s t rn t ion of proges t erone on Day 12 of 

t reatment may overcome th is vari at ion and en sure that c i rcul a t ing 

l ev e ls of <..dmin i s t erod pror;est agcns , at t he t erminat ion of 

t reatment 1 are mor e  uniform betvJCcn. animal s .  

The numbe r  of encs showing overt oes t rus was no t improved b y  

the admin i s t rat ion o f  p rogest eron e ,  compared wi th prog c s taGen 

t reatmen t l a t e  in t ho breeding season . I t  appea r s  n s  thou gh th e 

inject ion did not a id the priming of o es t rogen receptors . 

Cumming ( 106 5 ) shovtcd that 32- 30% of Romney ewes experienced s i l ent 

oest rus when g iven a con s t an t  daily dose of proges t erone during 
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F ebruary. Larsen ( 197 1 )  found t h i s  figure t o  b e  19% with 

int ravaginal M. A. P .  t reatment of similar ewes during March . I t  i s  

l��own that ewes o f t en experience cyclic act ivi t y  and silent oes t ru s  

a t  t h e  end o f  t h e  anoest rous season (Mcl{onzie and Terril l ,  1937 and 

nob ins on , 1950 ) .  Ewe s not experiencing oes t ru s  aft er M • .t:. . P . /  

progest erone t reatment probc:.b l y  experiencec s i l en t  oest ru s  

( conf i rmed b y  laparotomy i n  t\•Jo ewes ) . Mayb e those ewes comin g  

i n t o  oest rus hnc previou s l y  expcri oncec: s ilent oest rus ancl those 

shoning s i l ent oes t rus pos t - t reatment had not . Thi s  animal 

variat ion in the t ime of nc.turrcl silent oestru s  may be respon s ib l e  

for the inab i l i t y  of hormon a l  t reatment to c.ff ect the inciclcnco o f  

s i l en t  oe s t ru s  at this t ime o f  the year. There is scope for further 

s tudy in this respect . 

Thorough investisation o f  the eff ect o f  c progest eron e 

inj ect ion , as given in this s tudy , may be f rui t fu l . Hi th th e u s e  

o f  appropri2.t e control animal s ,  the t rue value of the pract ice could 

be revealed. 

E ff ect o f  S equen t ia l  i' . iVi. S . G . Treatment on Synch roni sation 

S ynchron i sa t ion in ewes given M . il. . P .  onl y  ( control ewes : 

:�xp t . 1 )  remained ef fect ive over three oes t rous cycles . The 

d i s t ribut ion of the number of ewes in oest rus on any part icu l ar 

clay , fol lowing M. A. P . synchronisat ion i s  t yp i ca l l y  skewed ( see 

C l a rke � �. , 1966 ) in these ewes .  However the d istribution o f  

t he day o f  onset of oestru s  becomes more d i spers ed in nature dur ing 

the sub sequent two oestrous p eriods .  Ewes coming into oestru s  over 

three days at oes t rou s p�ri ods 1 and 2 were d i s t ributed over 4 days 
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a t  their third oes tru s  ( F iG . 3- 3 ) .  Edey and Thwaites ( 1966 ) have 

report ed that once oestru s  is synch ronised in ewes then the degree 

of di spersion at the next cycle i s  smal l .  Thi s has been 

sub s t nnt iated by !lob inson .£! !:!• ( 1967 ) who maintained that th e 

second oes t rus after synchronisat ion wou ld be convenient for 

art ificial inseminat ion ns the d epressed f ertil ity seen in ewes 

inseminated immediately fol lowins synchronisat ion is not evident 

one cycle later. Hancock and Hovel l ( 1962 ) and Larsen ( i97 1 )  were 

ab le to use the second s ynchronis ed cycle as a defined period over 

which ovum t ransfer c ou ld b e  carri ed out .  

The resu l t s  o f  Experimen t 1 show that oes t rus o f  ewes given 

progestagen wi l l  remain effectively s ynchronised for three oest rous 

cycl es. Laparotomy at each of t he three cycles ( on Day 10 of the 

cycle )  does not alter this synchronisation markedly ) . 

S ynchroni sat ion i G  not wel l p reserved in owes treat ed with 

gonadotrophin ( Tab le 3-9 ) .  The admini s t rat ion of P . M . s , G. aff ect s 

the synchroni sation to diff erent d egrees , depend ing on the cycle ( s )  

at which i t  i s  given .  ;::wes superovulated immed iately aft er 

synchronisation ( Trt s .  1 + 2 - Exp t . 1 ) show a greater di spersion 

in thei r oes t rous periods at th e s econd cycl e than ewes not t reat ed 

at t h i s  point .  Ewe s t reated with P , M. S . G. over three cycles come 

into heat over a period of 1 6  day s  after the third injection and 

thus synchronisation was compl et el y  des t royed by this t ime. The 

staggerinc o f  inj0ct ion s  with P . M . S . G  •. ( Trt . 2 - Expt . 1 )  also 

cau sed considerab le d i spersion in the ons et of oes tru s  when 

compared with ewes given two or one injections ( Trt s .-3 and 4 -

Exp t . 1 ) .  
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The inf luence o f  s equentia l  P , M. S . G. inject ions on 

synchronisat ion doe s not facil itate ovum trans fer work. The 

dispers ing inf luence o f  the gonadot rophin , as compared wi th ewes 

given proges tagen alon e ,  wou ld moan thct superovulated donors and 

synchroni sed recipient s would become progressively asynchronous 

with successive t reatmen t .  

Variation i n  superovulat ory respon se may be res ponsib l e  for 

the dispersion of once synch ronised oest rous per iods , in animal s 

trcated with gonadot rophin . :::!:xt remo vnriation in response t o  

P, M, S , G, i s  wel l documented ( e. g .  Uobin son 195 1 )  and was a l so 

evident in this study ( see ;.ppendix 1 ) .  Excessive popu lation s  o f  

corpora lutea and l nrge fol licl es on t he ovari es o f  s t imul a t ed 

animal s may cau s e  the vari nt ion in t ime taken to display oest ru s  

at n l o.te r cyc l e .  

Increasing numbers o f  s i l ent hea t s  i n  ewes treat ed over 

three cyc l es would have rendered any statistical unalys is o f  

cyc l e  l ength to br.:l suspect ( in Expt . 3 6 ewes came i n  to oestru s  

after th ree injection s ) .  For thi s  reas on , oestrous cycl e lengths 

were thought not to be a valid indi cat or o f  any real t rend e, g .  

ef fect o f  s equential superovul at ion as discussed i n  the above para­

graph s .  Unless some account o f  s i l en t  oestrus was t aken , 

conc lu sions based on oes t rous cycle l ength cou ld be mis l eading, 

Resul ts o f  3xperiment 1 showed the t reatments t o  have no 

effect on the number o f  ewes showing overt oestrus ( Tabl e  3-7 ) .  

However , in Experimen t  3 increasing numbers o f  sequent ial treatment s 

wit h  P. M. S , G, redu ced the number o f  ewes disp laying overt oes t ru s  

( ccmpared with control ewes ) .  The inconsi stency between these tvto 
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experiments may b e  seasonal . Ewes coul d  b e  expect ed to show s i l ent 

heat more readily du ring the ear l i er part of the b rooding s eason . 

Neverthel ess , o.ll the cont rol eHes of Experiment 3 exhib i t ed oest rus , 

��d the txend seen in the 3equent io.lly t reated ewes of thi s 

experimen t i s  pTobably rea l .  

�evelopmont of Ovarian �efract orinoss in 

Ewes S equentially Treated wi th P . M. S . G . 

S tudies on ovari an ref ractor incss to P . M . S . G. in s equen t ially 

t reat ed ewes involved investigat ion int o  more than one aspect o f  

t h e  condit ion. The result s obtained wil l be discussed in the 

fol lowing order : - 1 .  Ovarian response and the d evelopment of 

ref ractoriness .  2 .  Development of ant i-gonadot rophins 

3. Fol l iculo.r dynami cs of the ovary 

4 .  General discu s s ion on refrectoriness to P . rfl , S . G .  

The f i rst three sect ions will d iscuss the resu l t s  of Experimen t s  1 

to 3 and the fourth sect ion wi l l  int egrate al l informat ion on 

ova rian refractorines s .  

1 .  Ovarian response and the development of refractoriness t o  P . M . S . G . 

Ovarian refractoriness to P. M. S . G .  has been demonst rat ed in 

the ewes of both Experiment s 1 e�d 3.  

In Experimen t 1 ,  ewes given three sequential injections 

(Trt . 1 )  had s i gnificant ly lower t erminal ovulat ion rctcs ( numbers 

of corpora lutea )  than ewes given a s ingle injection (Trt . 4 )  or 

two spaced inj ect ion s  ( T rt . 2 ) .  Ewes gi ven two s equent ial 

inject ions ( Trt . 3 )  also had s ignificantly lower ovulation rat es 

than those given one injection but the difference between 

treatments 2 and 3 failed t o  att ain s ignificance (0.05 (P {0. 10) . 
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When a period o f  one oestrous cycl e separated two injections then 

the evJC ' s terminal response to t h e  hormone did not di ffer f rom 

that of ewes given one inject ion . 

\'!hen t rea t cd ev:es were cor.lpared wi th con trol ewes (Expt . 3 )  , 

the f irst st imu lat ion wi th P . M. s . G .  was abl e  t o  superovulate 

nnimal s  but th e ovulation rotes o f  ewes t reat ed a second and third 

did not d iffer f rom those of cont rol animal s  observed et the same 

t ime. 

The resu l t s  of this investigation indicate that refructoriness 

to P . M . S . G .  superovulation in ewes is rapidly at t ained . The mean 

response of the ovaries t o  a second inject ion during the cycle 

inllilediately fol lowinG the f irst inject ion wi ll be considerably 

lower than the no nnal supcrovulatory response.  This very rap id 

development of refractoriness YIUS not previous ly noted by Hulet and 

Foote ( 1967 1 1969 ) but was by Lursen ( 197 1 ) .  I n  one experiment , 

the former authors t reatec e'.'ICS <1 times wi th 1000 i . u .  P . M . S . G . , 

the interval b etween the s econd and third inj ect ions va�ying 

between 33 and 340 days and the int ervals between the first and 

second and third and fourth injections being 1 6  days. I n  all cases 

refracto rinos s was attained b etween the thifd and fourth injec t ions 

bu t b ecame less marked as the period between second and thi rd 

inject ion s  increased . They therefore sugges t ed that there was a 

gradual d i s s ipat ion o f  the ref rnctoriness wi th t ime. 'l'he result s  

of �xperiment 1 indicate that the ref ractoriness may be diss ipated 

more rap id l y  than thi s aft e r  a s ingle injection , A space of ono 

oest rous cycl e between inject ions is suff icient t o  enabl e  ewes t o  

respond t o  a second inj ect ion t o  the same extent a s  ewes super­

ovulated once . 
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I n  a second GXilGriment 1 Hul et and F oo t e  ( 1969 ) t reated ewes 

up to 6 times with P , l'li� S . G . nncl showed that ewes became 

progressively mo re refr::, c t or y  VJi th increasing numbers of t 1·entmon t s .  

I� th e p resent investi ga t i on ,  there was litt l e  d if f erence in the 

number of cor pora lutea of cues t reated t·wice and ewes t reat ed 

three t imes . Th i s  f u rther reinforces the id ea that enimnl s 

rapid l y  lose s ens it ivity to tho exogenous ho rmone and res pons e s  to 

succe s sive t reatment s vil l  be l on compared to t h e  init ial t reatr.1ent �  

Furthermo r e �  i t  o.ppears c. s  thouc;h t he condit ion p ers i st s . 

Hu l e t  and Foote ( 1967 ond 1969 ) showed t hat the fi r s t 

injection , gi ven on >Ji thdrm1ql of p ro gos terone synchron i sat ion 1 

nlwnys producad lower supo rovu l atory res pons es than P • .f!l. S . G. 

inj ect ion of the s :1llle mvoo o.t t h e  no:xt cy c l e ,  ;'. s im i l a r  s i  t uo. t ion 

could have ex i s t ed in enos of Treatment s 1 nnd 2 o f  Exp eriment 1 in 

this stud y .  The effect h a s  b 0 en a t t ribut ed t o  a n  int eract ion 

b etween p ro g e s t e1·one and P . rr: • .s . G . Olulet and F oot c , 1969 ) but it 

mu st b e  n o t ed t h a t  these au thors used proges terone and the p resen t  

stud y  employed progostagcn s pon�e tre2.tmcn t s .  Mooro and Hol s t  

( 1967 ) have shown t hat there i s .no s i gn i f i can t difference i n  

ovulation rat es bet>.ceen ewe s given either int rva gina l or int ra­

muscu l ar t reatment s of prog e s t eron e or s ynthet ic progestngen 1 when 

anoest rous e\"ICS were given P . M . S . G . after t reatment . · l�ver i l l  ( 1958 ) 

report ed tha t the ovu l at ion rates of ewes gi ven P . M. S . G. t r eatment s 

dutin g t h e  breeding s eason ware not s ignifican t l y  diff 0rent to those 

of ewes given progesterone-P . M . S . G. t reatment during the o.noest rous 

season . Many authors huve shovm good responses to P . M. S . G. • 

immediately after progest cgen sponge t reatment ( e . g.  Hol s t , 1969 ) 
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and it is t herefore d i :.i' f i cu l  t to decide wh ether ewes of 

Trea t men t s  1 and 2 ( Exp t , 1 )  v;ou ld have had l owered superovul ato ry 

responses to P , M , 8 . G , b ecau se of the prior admin i s t ra t ion of 

proge s tagen . The i n t e ract ion repo r t ed by Hul et and Foo t e  may not 

b e  so ext reme i f  pro Ges t cgcn is u s ed in pref erence to p ro ges t eron e ,  

I f  i t  is accep t ed tha t ev1os experien ced some degree o f  superovulat ion , 

when inj e c t ed with ? . r�1 . S . G .  immed i at el y  fol lowin g synch ronisat ion , 

then t h e  l a ck o f  apparen t  refrc;ct orincss in ew es of Treatmen t 2 

( Ex pt . 1 )  i s  a real e f f ect . The pos s ib i l i t y  of an in t 0ract ion 

b e tween P . M . S . G . and the p roGostagen was avui ded in :Sxp e r iment 3 

by commencing inject ion s ono cyc l e  a f t er synch ronisat ion , I n  thi s  

:.!:xpe r imcn t  i t  was con f i rm ed that refracto rine s s  wns estab l i shed 

a f t er on l y  one inject i on of t h e  gonadot roph in .  

Jninudeen e t  a l . ( 1 9G6 ) gave cows a t o t a l  of 4 inj ec t icns of 

P , M, S . G. a t  interval s o f  5-7 months , 3 1 - 34 days nnd 1 0-2 1 days 

( fi rs t  in ject ion = 2000 i . u . and subsequent inject ions were 3000 i . u . ) 

The second inject ion p roduced a superovu l a to r y  response equ i va l en t  

t o  th e fi rs t ,  in spi t e  of the increased do sa g e .  The final two 

inj ec t ion s fai led to p rodu ce ovu l a t ion r a t e s  greater than in 

un t reat ed ewes . !.gain , a r e f ractory co ndi t ion was eviden t  at the 

second s e quent ial t reatm en t .  'il i l l et et a l . ( 19 50 ) u s ed more 

int ensive gonadot rophin t reatment s than arc normally used to 

superovulat e dome s t i c  animal s .  They a l so showed that animal s wi l l  

very rapidly develop a r e f racto rine ss i n  r es ponse t o  exogenous 

gonadot rophins and th i s  condition pers i s t s  for a l ong p eriod of 

t ime , Hafez � �· ( 1964 ) and Laster � �· ( 197 1 )  have sho� 

that refractoriness in cows i s  evident at a second sequent ial 
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superovu l at ion . Larsen ( 197 1 )  ob t ained a similar effect in ewes 

regardl ess of increasing do se levels of P . M. s . G . �11 the 

ob s ervat ions of the above wo rkers sub s t ant iate the rcsul ts of 

thi s investigat ion , in tha t  refractorine s s  i s  established after 

onl y  one inject ion .  But th ere a r e  varyin g  opinions as to the 

period o f  t ime required t o  dis sipate the cond i t i on .  The long 

period s t a t ed by Hulet and Foot c ( 1969 ) may have been bece.use 

ini t ial t reatment was in fact 2 s equen t ial inject ion s .  

Th e response of ewes t reat 3d wi th a single inject ion of 

P . M. S . G. ( Trt . 4 ;  Expt . 1 ;  F i g . 4-3 ) is comparabl e  t o  resul t s  

p l ot t ed in F ig . 1- 1 . The owes VJOro of comparc..bl e  natural fecund i t y ,  

an d  of t h e  s£1Jlle breed , a s  those u sed b y  V/al lace ( 1954 ) .  The dose 

respons e cu rve of ewes in thi s study is s l i ght ly st eeper than that 

of \!a l l ace' s ewes , bu t may be regarded a s  s im i l a r . The responses 

to 1000 i . u .  and 1500 i . u .  P . M. S . G . are great er than those obt a in ed 

by Terv i t  ( 1967 ) and La rsen ( 197 1 )  but are simil ar t o  these of 

C umming ( 1965 ) .  

Diff erences in superovu latory response t o  a single inject ion 

of P . M. S . G . between t reatm en t s  in thi s  s t udy and treatment s impos ed 

by other work ers in the s ame envi ronm en t  may b e  due t o  age facto rs 

( e . g .  Larsen 1 1 97 1 )  and seasonal di ff erences in response ( e . g. 

Cumming , 1965 ) .  The l at t er of these two f actors i s  the mor e  l ikel y ,  

a s  ther e  i s  l it t l e  evidence of d iff e rent ial responses i n  ewes of 

d iff erent ages (Robinson , 195 1 and J.veri l l 1 1950 ) .  

The range in ovulatory respon se o f  ewes given 1500 i .·u. wa s  

great er than in ewes j':Sl,ven 1000 i . u .  P . M . S . G . (h.ppendix 1 ) .  

Robinson ( 195 1 )  Wal lace ( 1954 ) t..veri l l  ( 19 5 8 )  and Larsen ( 197 1 )  
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have a l l  not ed thut there i s  un increase in individual ewe 

vari a t ion wi th increasing dose of P . M. S . G. 

Doso level and t reatment x dos e  interact ion s  did not have 

s i [¥1 i f i cant effec t s  on the nurnbers of corpora lu teu ob s erved in 

ewos cf Ex�orimcnt 1 .  Fig. 4-4 shows that , o. l  t hough these effect s 

were not s t qt i st ico.ll y  s ignific<'mt 1 some di scu ss ion on these 

trend s may be jus t ified provid ing the l imitat ions of signi ficance 

ure appreciated .  r!i t h  s equenti£', 1  t reatm en t s  ( Trt s .  1 on d  3 ;  Expt . 1 ) ,  

lower dos es ( 1999 i . t.� . ) produced h i e;her t erminal ovulc:.tion rates 

tho.n higher doses ( 1500 i . u . ) ,  Tho reverse trend wus seen in l oss 

int ensively treated evrcs ( Treatment s 2 o.nd <1; Expt . 1 ) ,  Ui th 

sequen t ial t reatmen t s , h i gh doses of gonadot rophin may eru1unce 

ref ractorine ss by produ cin3 greater ovo.riun responses at th e first 

injection .  This suggestion mey in part explain why ewes r;iven 

spaced inject i on s  (Trt . 2 )  have a dose response curve of s imilar 

slope to that of ewes given a single inj ection . TI1e spece of one 

oes t rou s cycle pos s ib ly al lmw the hypert rophied ovaries to regain 

normal size and funct i on before rest imulat ion . 

A l t hough there was no incidence o f  cys t i c  ovaries in 

Treo.tmcn ts 2 and 4 ( :3xpt . 1 )  whi le thoro was in sequential l y  

t reated ewes ,  stat i st i co.l s i gn i f i cance w a s  n o t  at tained , Larsen 

( 197 1 )  hus ind icated that succes s i ve s t imulation s  are likely to 

cause cystic and luteinised fol licl es to be more prevalent. 

However , Robinson ( 1 95 1 )  and ·.!a l lace ( 1954 )  report that simil::lr 

ef f ects are obt a inabl e with admin i s t rat ion of n single large dose 

of P . M. S . G. The two may b e  s imi lar in that they are both over­

s t imulat ing the ovnri es. The developmen t of cys t i c  ovari e s  i s  
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thus unl ik ely to be a primary cnu s a l  factor of ref ractoriness but 

may enhance i t s ef fect . 

H u l et and Foo t e  ( 1969 ) consider that refractorines s  

( l owerin g o f  ovu latory response t o  P .  M . S . G . ) i s  in pE'.rt due t o  

ewes becoming anovu l a r .  They vmro ab l e  t o  part ial l y  nega t e  the 

eff ec t  o f  r c f racto rine s s  by considering ovu l a t ion rates of on l y  

cv1es ovul ating . A. Dilili lc.r a f f ec t  was appa rent in the p r es en t  

s t ucly whon numb ers of corpora l u t ea o f  ovu l a t ing c>tes on l y  were 

ana l y s ed .  Ovu l at in g  ow cn siven th ree s cqu,:mt ial inj e c t i on s  had 

s ignif ican t l y  l ower t erminal o vu l at i on rat e s  than a l l  other ewes 

in Experiment 1 .  Th is resul t imp l ies that the f a ilure to ovu l at e  

may b e  t h e  f i r s t  d emon s t rab l e  caus e o f  apparent refract orine s s  a s  

the el iminat i on o f  non-ovu lat i n g  ewes rendered the t e rm in a l  

ovu l a t i on rat es o f  mtes o n  t reatment 3 ( two s equential i n j ec t i on s )  

s imilar t o  t h o s e  o f  m·tes t3i ven one inject ion. Th i s  eff ect was 

reprodu ced to a l es s er extent in Experiment 3 where 2/20 and 2/9 

owes fai l ed t o  ovulate Vli th £'. s econd in j e c t ion and thi rd inject ion 

respect ive l y .  !l.veril l ( 1950 )  has given some evid ence o f  o. s im i la r  

anovul e>. r  condi t ion vthere m1es b eing t rea t ed wi th P . M . S • .  G .  for a 

s econd and t h i rd t ime with in one b re ed ing s ea son , fail ed to ovu l a t e .  

P.M. S. G .  is primaril y  fol l i c l e  s t imu l atory i n  action ( Lamond , 

1960 ) and may s t imu lat e the �rowth of many fol licles that do n ot 

ovulate ( Lamond 1 1964 ) .  Scanlon � �· ( 1960 ) noted that onl y  63% 

of mature f o l l icl e s  ovulat e when cows were s t imu lated w i th the 

hormone. I t  i s  therefore l ikely that count s  o f  corpora l u t ea + 

l a rge fol l icl es would provide a more accu rat e i d ea of t otal 

ovar ian response to gonadot rophic stimu l a t ion than corpora lu t ea 
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alone. Lamond ( 1064 ) and Larsen ( 197 1 )  have found larger 

standard errors associated with means of corpora lutea + 

foll icl es than wi th means of corpora lut ea only. In Experimen t 1 

this effect was not evident when corpora lutea + foll icl es 

greater than 3 mm. were consid ered . The mean for these measu re­

ment s was si gnificantly less fo r ewes on Treatment 1 than for al l 

other groups o f  ewes. t�dd ing these fol licl e count s to corpora 

lutea cau ses Treatment 3 ( two sequ en t ia l  inject ions ) to d iffer f rom 

Treatment 1 and therefore the di fference between thes e  two groups 

is in t he numb er of l arge fol licles . I t  i s  interes ting t o  note 

that in Experimen t  3 there was no diff erence between con t rol ewes 

fu1d ewes gi ven one ,  two or th ree sequenti al treatmen t s  wi th P . M. S . G .  

when the number of corpora l u tea + fol l icles greater than 1 1nm .  

were counted .  Smal l e r  fol l icles were t aken into accoun t in this 

experiment whereas measurement s  in Experiment one neglec t ed any 

foll i c l es l ess than 3 mm . in size. I t  appears as thoush the 

popu l at ion of ' large r '  fol l i c l es is mo re s ensitive than t hei r 

' smal ler'  count erparts to gonadotrophic st imu lat ion .  

Over a l l  t reatment s o f  Experiment 1 ,  the higher dose o f  P . M. S . G .  

( 1500 i . u . ) st imulat ed a greater numb er o f  corpora lutea + 

foll icl es greater than 3 mm .  than did the low ( 1000 i . u . ) dose. 

Thi s  resul t con fonns to that of Hol s t  ( 1969 ) which shows that 

increasing doses wil l increase the number of l arge follicles as 

wel l as the count of cori_::.oru lu tea + large fol licl e s .  Lamond 

( 1964 ) and Larsen ( 197 1 ) have also r eported increases in 

foll icle growth with increasing l evel s of administered P . M. S . G .  
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Regress ion a�ul yses given in Table 4-9 show that ovarian 

weight i s  dependent on the number of corpora lutea per ovary when 

eYJes arc t reated once wit h  P . M . S . G . This relat ionship does not 

hold for uninjected ewes ant'\ does not always npply whon Gwes are 

given succes sive injections.  aobinson ( 195 1 )  has shown th a 

ovarian weights o f  t rc2.ted cues t o  b e  s i gnif ican t ly correlat ed 

Y/i th the number of corporn lutea present in ewes superovul a t ed with 

? . M . S . G . and tllen anc Lamming ( 1961 ) have derived relat ionships for 

unt reat ed , f lush ed ewes .  

Regrcs s icn relat ionships for ovarian weight on corpora lut cn 

plus l arge follicles are bet t er th an if only corpora lutea arc 

considered . Thi s  i s  consi st en t  with the ecrl ier suggestion that 

this composite f i gure is a b et t er indicat ion of to tal ovarian 

- . " " 
act1vity than 1 s  corpora lutea alone • 

S lopes of curves in F igs . �- 15 and 4-16 are , in majority ,  

s imilar to those of F i gs . 4-4 and 4-5 showing that ovarian ,·might i s  

rel a t ed to t h e  amount of luteai t i ssue.  TI1 c high figure fo r group 

H3 in F ig � 4- 1 5  is a con sequence of the numb er of owes on thi s  

treatment that h ad cystic ovari es ( see Table 4-2 ) .  Thi s  effect 

is el iminat ed in Fig. 4- 1 6  because such ewes fai l ed to ovulate.  

No evidence of a d ifference in act ivity between the l ef t  and 

right ovaries was reveal ed in these stud ies . Mcl(enzie and Terri l l  

( 1937 ) and Wal lace ( 1954 ) repor t ed t hat the right ovaries of ewes 

were signif i can t l y  more act ive than the l eft but Hut chinson and 

�obert son ( 1966 ) were unable t o  verify thi s �  
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I n  Sxperimen t 3 1  unt reat ed owes wore observed et each of 

three su ccessive oes t rous cycl es ( 2nd tc' L1 th o e s t rous cyc l e s  of 

the b r eeding s eason ) ( Tab l e  '.1- 1 1 ) .  The ovulat i on rat e  was 

si gnif icant ly greater 2.t the thi rd ob served o e s t ru s  than at t he 

f i r s t  end s econ d .  That ovu l at i on rate increas es f rom the 

beginnin g of the s ea son , ha s been not ed by �v oril l ( 196� ) and 

McDonald and Ch ' ang ( 19G6 ) , u s in g  �omn�y ewe s . Ob serva t i on s  on 

cont rol owes of the p resen t  s tudy conform to th e  pnt t ern sugges ted 

by those aut ho rs . 

Detect ion of , .n t i-rzonadotrophin..,!! 

Lin cmd Bai l ey ( 1965 ) have s hown s t ra in d i f f erences in mou se 

response to P . M . S . G . Bel l  ( 1969 ) has a l s o  shown that some s t rains 

o f  mice may b e  relatively inse!l s i  t ivo to gonad o t rophic s t imu l e t i on 

whereas ot hers are very sen s i t i ve .  Th e  mice u s ed in th i s  s tudy wore 

known to be oes t rogen s en s i t ive (!.non 1965 ) end fo r this rec.. son , 

onl y  low l evel s of ? . M. S . G . were rcquirod to e l i c i t  a uterin e 

weight respon se in inunatu rc fer.m l es .  Suehiro ( 1055 ) and Lamond and 

Bindon ( 1966 ) showed res pon a e  cu rves of mice to p lateau a t  60 i . u .  

<md 10 i . u. res pect ively. The i,)lateau ob t ained in the mice of the 

p resen t  s tudy was be tween o. n i . u .  and 1 . 0  i . u . an d  the s en s i t i vi t y  

o f  th ese mice i s  thus exemp l i f i ed .  Sup ra-opt imal doses frequen t l y  

yield lower ovari an an d  u t erli1e weight respon s es than sub-op t imal 

doses (S uehi ro � �. , 1955 ; Lamond and Bindon , 1966 ) nnd this was 

also noted in t he mice of Experiment 3 (F ig .  5- 1 ) .  

Responses of mice given 1 . 0  i . u .  gave more un iform (between 

group ) respon se than mice gi ven 0. 25 i . u .  P . M . S . G .  1 when injected 

wi th plc..sma (Figs. 5-3 and 5-� ) . The mice given th e lower d o s e  
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were in a far more sens i t iv e  dose range than those g iven the h i gh  

dose and t h e  greater variat ion o f  the former may b e  a consequence 

of thi s .  

S tandard errors as soci c.ted with moan ut erine wei gh t s  o f  mou s e  

t reatment groups W(:)re comparab l e  whether mice were given 1 . 0  i .  u .  or 

0 . 25 i . u. P . M . S . G . (Appendix <.l ) .  I ncref\sod dosage , producing 

greater increases in u t erine weight , often increase the standard 

error associ at ed wit h  the mean response ( Lamond and B indon , 1966 

and d e  la Lastra , 1972 ) .  ;�dmini s t rat ion of an ant i serum may 

( S asamoto � �. , 1D72 ) 1  or may not (F lux end Li 1 1965 ) decrease 

s tandard errors of mean respon s e  to P . M. S . G. at a particular dose 

level . Thi s  i s  maybe due to the inhibi tion in respons e ,  whi ch gives 

l ower mean values , an d  lo�or standard errors cou ld be associated 

with those. N o  reduct ion in the standard errors of the mean uterine 

weight response to P . M. S . G ,  by the administrat ion of plasma was 

s een in thi s s tudy .  Thi s  i s  exp lainab l e  i n  the mice not showing 

inhibition of respon se as the mean response i s  not lowered . However , 

i t  may have been reasonabl e t o  expect a d ecrease in standard errors 

a ssociat ed wit h  the uterine weights of mice receiving plasma f rom 

chron ical ly t reated ewes but this was not eviden t .  

Failure t o  obtain any reduction in immature mou se ut erine 

weight response to P . M . S . G. , by inject ing plasma of ewes from 

Experiment 1 ,  implies that no anti-P . M. S . G. factors were present 

in the b lood of these ewes . The credence of concluding that the 

ob served ovarian ref ractoriness was not due to ant ibody product ion , 

depends on the sensit ivit y  and validity of this test.  Detection of 

ent i-gonadot rophins in the plasma of chron i cally t reated ewes 
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confirms that the test us ed was able to p ick up ant ibody 

act ivity and to indi cat e  the relat ive pot enci es of the some . 

S im i l ar t es ts have been used by Cole et al . ( 1957 ) 1 Pigon et al . 
� � � .--

( 1960 ) 1 Johnson et al . ( 1962 ) 1 Naknhari et al . ( 1964 ) and 
� -=- �-=---==- -

Jainudeen £! �· ( 1966 ) to successfully demonst rate mlt ibodios to 

P . M. S . G. Cola � �· ( 1957 ) have sho>m t hat an t i - gonadot rophins in 

catt le b ehaved in a mar� er s im i l ar t o  serolo Gical antibodies,  

For the present s tuGy 1 a biol og ical method of anti-gonadotrophin 

determinat ion wo.s sel ect ed in p ref erence to a chemical method . 

Biological inhibition would indicate � � neutrali sat ion of 

hormone action .  I t  i s  th i s  consequence o f  ant ibody react ion tha t 

is being inves ti gated when one consicors refracto riness . Geshwind 

( 1963 ) poin t s  out that the v arious method s used t o  det ect and 

quant itate an t ibody p roduction may not necessari ly paral lel one 

ano ther. Col e � �· ( 1957 ) exempl ified thi s when ob taining b et t er 

indi cation s  of ant i- gonadot roph ic act ivity when using b iologi cal 

neutrc.lisation tests th a..""l wi th precipitat ion t e s t s .  

Rees-Midgely ( 1969 ) expres s es some scep t i c i sm about the 

inferences drawn f rom t e s t s  whi ch rely on neu t ra l i sat ion of 

b iological act ivity. He s t a t e s  t hat neu t ralisat ion o f  a hormone i s  

a good indicat ion o f  the presence o f  ant ibodies , but fai lure t o  

det ect ant ibod ies by this method does not aut omat ical ly mean that 

they do not exist . l�nt ibodies may be produced in too low a t i t re 

to b e  detected by inhibi t ion t es t s  and he suggest s  that they 

should be combined wi th immunochemical procedu res.  However ,  

Johnson ( 1962 ) presen t s  evidence t o  ind icate that an ant ibody t o  a 

hormone may b e  present yet not produce procip i t ins in immuno-

chemical analysis and that the P . M .  S . G. -anti -P. M. S . G. compl ex 
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may b e  of thi s type.  

Ouchter�ony doub l �diffus ion t es t s  ( Ouchterlony,  1949 ) were 

at tempted on sampl es of plasma obt ained f rom sheep in this s tudy • . 

Failure to ob serve any precipitation between ant igen and ant ibody 

impl ied no evidence of anti-gonadot rophins whereas inhibit ion was 

obt ained when similar samples were injected into mice. The 

Oucht erlony tests were nbo.ndonod becau sa i t  was thought the ant i gen 

( P . IVl . S . G , ) was of too low a potency for this method . 

Chronic treatment s of sheep wi th P . M . S . G. ( Expt . 3) produced 

resu l t s  similar to tho se of Pigon � �· ( 1960 ) ,  I t  appeared as 

though sheep �)roduccc:. antibodies to P , M. S . G. more readily with 

a lower dose of the hormone . I n  the presen t  s tudy sheep inj ect ed 

twice weekly with 500 i . u . P , M , S . G. had greater antibody t i t re s  

( not significnn t )  than those given 1000 i , u . , at the end o f  6 weeks 

of t reatmen t • This is cont rary to resul t s  ob tained in c�tt l e  

(Cole � �. , 1957 ) where lower dos es are s een t o  produce lower 

t itres of antibody,  

The P . M , S , G.  preparat ion u sed in thi s  study was of low pot ency 

( epprox , 40 i .  u. /mg . ) which i s  similar to that used by Pigon � !:!.· 

( 1960 ) ( 37 . 6  i . u . /mg. ) and much lower than other workers have u sed 

to d evelop antisera ( e. g. F lux and Li , 1065 used a preparation with 

a potency o f  2500 i . u . /mg. ) .  

Before detect ion of ant i-P. M , S . G. in sheep , Pigon � �· 

injected approx . 16 mg . ( at a dose o f  200 i . u. ) ,  approx. 80 . 4  mg � 

( at a dose of 500 1 . u . ) and approx. 267 mg, ( at a dos e  of 1000 i . u. ) •. 

The amount s  of hormone injected in to sheep receiving three 

inject ions of 1500 i , u . ( e. g . Trt . H l ) � this study,  would be 
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app rox . 30 mg . Of chron i ca l ly t reated sheep 1 those inj ect ed with 

500 i . u .  received a tota l of approx . 150 mg.  and those dosed at 

1000 i . u. 1 approx . 300 mg. 

If th e study of Pi gon £! �· ( 19 60 )  pres ent s a t yp i cal picture 

o f  ant i -P . M . S . G .  product ion i s  sh eep , if the sheep in that study 

were of the same weight as those used in t he present study and i f  

the amount of nnt igen int roduced has an effect on the rat e of 

ant ibody production ,  th en certain deduct ions may be made.  I t  

appears as though sheep on all t reatmen t s  i n  Experimen t 1 did no t 

receive suff ici ent ant igen to p roduce an immune react ion , whereas 

chronical l y  t reated ewes were supp l i ed w i th udequatc amoun t s .  Both 

C o l e  £! �· ( 1957 ) and Naknhari � �· ( 1964 ) have stated that 

t r eatment wi th gonadot rophins must be exces s ive and unphysiologi ca l  

t o  obtain immune respon s e s .  One l imit at i on of this argumen t is 

t h a t  th e amount of hormone int roduced �ay n o t  be as important as 

o th er factors i n  enhancing ant ib ody format ion ( see C o l e  � �. , 1957 ) .  

Time factors a re al so important in the development of ant i s e ra .  

Jainudeen .£! �· ( 1966 ) show that if cows are do sed once wi th P . M. S . G . 

and then l ef t  for 180 clay s ,  a s econd inj ect ion w i l l  produce rap id 

format ion o f  an t ibod i es . Th i s  t yp i ca l  effect i s  also d i sp l ayed i n  

cows by t h e  s t udy of C o l e  � �· ( 1957 ) and in rabb i t s  ( Leathem 1 

1947 ) .  I t  i s  l ikely that i f  sheep in this s tudy were l ef t  fo r a 

period of months and then given an inject ion , or a second series o f  

inj ect ion s , appreciabl e  ant ibodies ti tres would have b een det ect ed . 

I n  con t ra s t  to s tudies where nnt i-gonadot rophins are obtain ed  b y  

ro t reatment o f  animal s some t ime a f t er the firs t  inject ion ( s ) 1  

some workers have shown that short term t reatmen t s  w i l l do l i t t l e  
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to produce ant i-P . M. S . G. factors . Cole et al . ( 1957 ) showed that 

1500 i . u . given every week , or 3000 i . u .  given every third week , 

resu l t s  in very l ittle format ion of ant ibodies in cat t l e  ( treatment 

for abou t three months ) .  Polgc and Rowson ( 1973 )  report ed that 

gonadotroph i c  st imulat ion of pigs at each of three sequential 

oestrous cycles did not produce a refractory condit ion in these 

animal s  and no evidence of ant i-gonadot roph ins was obtained . 

I n  conclusion , it appears that the inject ion of sheep over 

a short space of time (2 oestrous cycle l engths sepurating three 

injections : 34 days ) i s  unl ikely to produce serological ant i­

bodies against ? . M. S . G . The present study rat ifies this statement . 

Fol licular Dynamics of the Ovary 

Discus sion in thi s  sect ion rel at es primarily to resul t s  

ob tained in Experiment 3 and deals w i t h  ob servat ions on foll icular 

dynamics in the ovari es of ewes sequent ial ly t reated with ? . IYi. S . G. 

The choice of  Da y 10 as a reference point to monito r  fol l icle 

development could have an important bearins on any conclus ions 

d rawn f rom observat ion s  that VJDre made.  If th e pat t e rn  of growth 

suggested by Smeaton and Robert son ( 197 1 )  is accepteG , then the 

time of observat ion would hr.ve coincid ed with the waning of the 

second wave of foll icular growth and th e beginning of t he third 

( sec Chapt er 1 ) .  I f  Brand and de Jong ( 197 3 )  have revealed a more 

l ikely pat tern of fol l icular growth , then the ob servations woul d  

have been made after t he firs t wave and mid-way during t he �ave 

that t erminated in ovulat ion . I n  thi s latter case observations 

would hnve given some indicat ion o f  f ol l icles that woul d  respond 

to gonadotrophic st imu lation 2 days af t er ob servat ion (Day 12  o f  
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the o e s t rous cycl e }. Brand and do Jong kil l ed 39 owes a t  

diff erent s·t ages of the ocs t rouc c y c l e  and s tud ied microscop i c  

changes i n  fol licles , ac count ing for foll icular atresia . Smeat on 

and Robert son inject ed I nd i an ink int o  fol licl e s  and fol lormd 

development in a mu ch smo. l l e r  numb er of 0\1€S . The work of B rand 

�nd de Jong i s  probab l y  more informat ive than t hat of Jmeaton and 

�obert son becau se of t he more soph i s t icated techniques �nd the 

l e. rger numb o rs o f  ewes urn�) l oyod b y  the former authors � 

I t  has b een shown that there was v ery l i tt l e  d i f ference in 

the t ot a l  numb e r  o f  corpora l u t ea plus fo l l i cl e s greater than 1 mm .  

when ewes t reat ed vl i t h  ? � r.J. S � G. ( once , twic o or th ree t imes ) arc 

compared with cont rol anima l s  ( Table 4-0 ) .  I n  ewes superovu lated 

once ,  abou t half of t h i s  composit e  f iGure i s  accoun t ed f o r  by t h e  

count o f  corpora l ut e a .  I n  t h e  o.pp ropriat e cont rol G.n ima l s ,  the 

f igu re i s main ly r� erived f rom a coun t of fo l l ic l e s .  /.p pa ren t l y , 

the inject ion of :-' . 1\I. S . G • was ab l e  t o  ovu lat e f o l l i c l es that were 

analogous t o  tho s e  ob servec: on the surface o f  o vari es in th e cont rol 

anima l s . Hovmver , the inject ion mus t  h o.ve s t imu lat ed cx t :ra 

fo l l ic l e  growth as wel l  s ince the total number o f  fol l i c les s een 

in t rea t ed ewes was not si�ni f icant l y d if f eren t  from the numb er 

in cont rol owes (To.b le 6- 1 ) .  

I n  animal� s t imulat ed a s econd and t h i rd t ime , ovu l a t ion ra tes 

were not s i gnif icant ly grea t er than t hoso o f  cont rol en imal s ,  

ind i cating t hat a ref ract or y cond ition had b een a t tained.· N either 

did the count of corpora l u t ea. p l u s fol l icles greater than 1 nun .  

J 

J 
I 
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d if fer b etween con trol and t ro�t od animal s at these two 

ob servat ion s .  The first inj ec t ion seems to st imulate ovu l a t ing 

and non-ovul a t ing fol l ic l e s .  The lat t er a re enl arged b y  th e 

gonadot rophic s t imu l at ion and then become atretic. A t  th e s econd 

and third inject ions n e i th er ovu l a t ing fol l ic l e s  nor non-ovulating 

f o l l icles were s t imul a t ed b y  th e gonadot rophin . The fol l ic l e  

s t imu l a t ory act ion of ? . M. S . G . seems t o  have become inef fect ive 

as wel l  as t h e  ovulatory capac i t y .  

;";. ! though P . M. S . G. i s  o f t en thought o f  an a n  F . S . H . - l ike 

hormon e , i t  may a l so d i sp l ay propert ies s im i l a r  to L . H .  Lamond 

( 1959 ) and S chmidt-Emendorf � �· ( 1962 ) have sugges t ed t hat 

approxima t e l y  one- thi rd o f  the endocrinolog i ca l  act ion o f  P . M . S . G .  

may b e  L . H . - l ik e .  I t  i s  not known t o  what ext ent the L. H .  f ract ion 

of a !J. M . S .  G. prepara t i on may cont ribut e t o  the superovu l a t ory 

respon s e  of ewe s .  Howeve r ,  t horo is evidence to sug ges t that the 

exogenous gonadotrophin may exert an e f fect on the p i tui t�ry gl and 

and thus t h e  ovulatory capa c i t y  may no t be b y  d irect inf luence on 

the ovary. Th i s  mediat ion of response via the pi tui tary wi l l  be 

d i scussed in more detail lat e r .  

I n f erence from t h e  dat a p resent ed in Tab l e s  6-1 t o  6-4 is 

d i f f i cu l t .  E r ror mean s quares ( EMS ) for compari son s  invo lv ing 

s u rf ace fol l i c l e  coun t s  are l arge and thu s ,  large standard e rrors 

a re as s ociat ed w i th th e t reatment group mean s .  Thi s  ind i ca t es 

ext reme b etween-animal -wi thin group variation and has been 

encount e red by other autho r s  ( e . g. B rand and de Jon g ,  1973 )  when 

measuring s imi l ar vari a t es � These l nrge s tandard errors make 

compari sons between t reatment group s unl ik ely to be of s t a t i s t i ca l  
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s i gn i fi co.nce . The l ikel ihood of uppo.rent real d i f ferences b etween 

groups is fu rther Gecreased by the small numb ers of animal s per 

�roup tho.t were on oomo of the treatment s .  F o r  these s t at i s t ical 

reasons 1 any real trend s in F i g .  S- 1 are of l i t t le s i gn i f i can ce. 

F rom F i g .  6- 1 there i s  some sum;es t i on that t reat ec: ewes 

con s i s t ent l y  show fol l i c l G s  in the 1 ln.r�e s i ze ' cat ego ry to b o a 

l es s er proport ion of the t ot al fol l icular popul a tion tho.n th ey are 

in the con t rol ewes . Thi s  t rend i s  not s t a t i s t ical l y  signi f i cant .  

�ven i f  the number of l a r se f o l l icles per ovo.ry i s  s l ight ly 

d iminished in t reat ed eves t 21i s i s  of l i t t le import to tho 

deve l opment of a ref ro.ct ory cond i t ion . There are s t i l l  f o l l i c l e s  

present on th e ovaries that wou ld b e  capab le of responding to 

GOnadot roph i c  s t imulat ion . Smecton and Robert son ( 197 1 )  show that 

fol l i cles of app rox . 2 ffim , in diamet er may grow rapidly over the 

last 36-46 hours befo re ovu l at i on .  Gonadot rophins should the refo re 

be ab l e  to enhance the growth of su ch fol l icle s .  J.ef rc;cto rineso 

s eems t o  be th e inabi l i t y  o f  t he exogenous gonadot rophin to 

s t imulate s u ch fo l licle s .  

/;. 1 1  re l a t ionships between ovarian surface d a t a  nnd e s t imated 

total ovarian act ivity were f ound to be stat i s t i ca l l y  not ­

s i gn i f i can t . I t  the�ofore appeo.rs as though in f erence f rom resu l t s 

on surface f o l l icular data are not representative of tot al ovarian 

act i v i t y .  Land ( 197 3 )  hao recent l y  pr esen t ed evidence whi ch 

sugge s t s  that the numbe r  o f  fol licles d e s t ined to ovu l a t e  f rom 

ewe ovaries i s  not det ermined unt i l  within 3 days before 

ovul a t ion . Maybe the ob s ervat ions of the pres en t  s tudy were 

made too early to give informative ind ica t ions of the imminent 
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effect of a gonadot rophic s t imu l at ion on the f o l l icles ob served 

a t  Day 10. Thi s  suggest ion i s  supported b y  the fact thet 

ovu l a t ion rat es were very rarely and incon s i s t ent l y  rel ated t o  

the obs e rvat ions mad e on Day 10 o f  t h e  cy cl e ( Tab les 6-5 and 6-6 ) .  

Cros s-sectional and h i s t o l ogica l  obs e rvat i on s  may be more 

in fo rmat ive than th e s u rface fo l l i cu l a r  d a t a .  

E l imina t ion of the p ropo rt i on o f  ant ral fol l icles t h a t  were 

at ret i c  accoun t ed for a v ery important unknown f rom the e s t imations 

of total ovarian act i v i t y .  The p roportion o f  at ret i c  fol l ic l e s  

that were included i n  s urface coun t s  was n o t  known and f o1· th i s  

reason , est ima t ed t o tal numb er of normal f ol l i cl es per ovary i s  

p robab l y  a more accura t e  a s sessment o f  ovarion fo l l iculcr s t atus. 

Th e percentage of fo l l icles i n  the ovari e s  of con t ro l  owes t hat 

YJere c l as s ed as b e ing a t re t i c  compared agreeably wi th observat ion s 

o f  B rand and de Jong ( 197 3 ) . This i s  encouraging as the a s s e s sment 

of a t re s i a  may of t en su f fer f rom th e sub j ective nature of descrim in­

a t ions b etween normal nnd at ret ic fo l li c l e s .  The ear l y  stages o f  

at re s i a  are di f f i cu l t  t o  d i s ce rn  ( I n g ram 1962 ) .  Brand an d  d o  Jong 

were able to u s e  more e l aborate methods to d i f f eront i nt e  bet\"Jeen 

normal and at ret i c  fol l i c l es as they sectioned each f o l l i c l e  

seria l l y .  Thi s  was not done i n  th e pr esent s t ud y  where s��pl es 

were d rawn f rom many ovari es and the s t a t e  of a s ingle fol l i cl e  

was a s s e s sed f rom on l y  o n e  microscopi c  s ect ion p er ovary , a l t hough 

c ri t eri a of fo l li c l e  at resia wore b a s i cal l y  s imilar to tho se used 

b y  B rand and de Jon g .  I t  i s  debatab l e  whether s erial sect ion o f  a 

sma l l  number of o va ri e s  i s  more informat ive t han lim i t ed sect ion ing 

of a l arger numb er. 
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The p roport ion o f  ant ral fol l i c l es that were atretic was 

larcer in animal s given one inj ect ion than in animals on other 

treatmen t s  of Experimen t  3. The number of normal fol licle s  of 

owes in this group was thus l owered to become s i gnificent ly l es s  

than fo r e\"ies on the other th ree t reatmen t s .  /. 1 though ewes treated 

once With :r: . M . S . G . had significant l y  greater numbers of fol l i c les > 

3 mm .  (Tabl e G-4 ) wh en comp2.red wit h  ewe; s t reat ed two o r  t h ree 

t imes , the majorit y of thcne fol lic l es were probabl y  atret i c .  

Th e low number o f  no:..-mel ant ral fol l icles observed in the 

ovari es of ewes t reated once wi th P • .  M. S . G . may be of pertinence to 

the development of a ref ractory cond i t i on .  These ewes h ad s imilar 

numbers of antral f o l l icles to emas t reated two or three t imes 

(Tab l e  6-7 )  but a l a rger proportion were at ret i c .  The atret ic 

fol l ic l es were l ikel y  to have been s t imul at ed b y  the previous 

inj ect ion and have p o r s i s t oc1 to the point of ob servo.t ion .  Their 

persistence may impair the growth of sma l l er , ' heo.l thic r ' fo l l icles 

which would be capabl e of respondinrs to a further injection of 

gonadotrophin . Greenwald ( 1063)  has surm i s ed that the pers i s t ence 

of such foll icl es might increase s teroid p roduct ion which would in 

turn decreas e the relea s e  of endogenous gonadot rophin . I f  P . M . S . G. 

acts synergi s t ical l y  wi th cndogenouE gonadot rophin ( sec Chapter 1 )  

then i t ' s act ion could b e  impa i red by this s equence of even t s .  

Furthermore , . the ovary at t h i s  point is support ing corpora l u tea 

and persi s t ent foll ic l e s . ·  S timul ation wi th P . M . S . G . 2 days a f t er 

ob servat ion may not be effect ive becaus e normal foll icl es have 

l i t t le space in which to grow. Hulet and Foo t e  ( 1969 ) have 

indi cated that s equential :?. M. S . G . t reatm en t  may have a luteo­

t roph i c  effect and i f  this caused pers i st ence of corpora l u t ea ,  



the ovary may b e  l es s  sen sit ive to gonadot rophins on two coun t s ;  

hormonal status of t he onimal ( hi gh circul at ing level s of 

progesterone ) and persistence o f  corpora lut ea which may ab sorb 

the blood supply of L . H .  ( or Il , M. S . G . ) nnd inhib it fol liculnr 

growth. 

Suggest ion s in the last paragraph are unsubstantiated by any 

convincing experimental evid ence but shou ld be considered by any 

�orkers who further investigate the refractorines s  of ewes t o  

P . M. S . G . The s tate of the ovaries in ewes over the oest rous 

cycle sub sequan t  to P . M. S . G .  inject ion has no t been studied in 

detai l .  Such a s tudy could ut i l i se l aparoscopic techniques and 

would be valuab l e  in trying to a ssess the effec t s  of gonadot rophi c  

s t imulat ion . The relat ionships b etween endocrine status of ewes 

nnd concomitant changes in fol l ic l e  growth have not been s tudied 

and much informat ion on these rel at ed event s is requi red before 

a true understanding of the pat t ern o f  fol l icular growth in ewes 

is obt ained . 

General Discus sion on ilefractorines s to P.M. "S ; G. 

I t  has b een shofm that refract oriness i s  rapidly attain ed 

and much lower ovu l at ion rotes wi l l  b e  achieved by n second 

inject ion of P , M. S , G. , given one cycle after the firs t .  Ant i­

gonadotrophi c  act ivi ty i s  unlikely to account for this rapid 

d ecline in response , probably b ecause of a lack of t ime for the 

establiehment of on immune react ion and al so because of the 

insufficient quantity of antigen injected . 

The mos t  prominent resul t ob tained in a s tudy of ovarian 

fol licular d evelopment was that n signi ficant ly lower number of 
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n o rma l fol l i cl es per ovary arc ob s erved 10 days a f t e r  supcrovulatory 

response to one inject ion of P . M. S . G. compared to the number in 

anima l s  on al l oth e r  t r eatmen t s .  Lower ovu l a t i on rates i n  respons e 

t o  o second inject ion of P . &·I. S . G . arc l ikely to be du e t o  this 

lowered numbe r  of no rmal ant ral fol l ic l o s  that are pot en t i a l l y  able 

t o  respond t o  gonadotroph in . However , a n  apparent re sto�. t i on o f  

the foll icu l ar populat ion causcG th e est imat ed numb er of normal 

fol l i cles in ovaries of e·aos s ti mu l a t ed a second and th i rd t ime 

not t o  d i f f e r  from s imi l ar coun t s  in the ovaries of con t ro l  

animal s .  Th e lack o f  normal , pot en t i a l l y  ovulnting1 antral 

f o l l i cles is therefore unlikely to b e  a pers i s t ent causal factor 

of ref ractoriness . 

Observa t ion at Day 10 of th e � oconu cycle ( fo l l owing a second 

inj ect ion ) su(';ge s t s  t hat ovarian fo l licu lar population s  have been 

restored and yet the th ird s t iwu l at i on do es no t p roduc e effect ive 

superovu la t i on .  I t  i s  at thi s  point that a third facto r i s  

s ugges t ed a s  l ikely to cause ref rnc t or ines s .  A rev i ew o f  l i terature 

on the mod e of E'.ction of P . r:I . S . G. is out l ined in Cha p t er Ono and 

i t  i s  apparent that P . M . S . G . may have a d i rect effect on the 

p i t u i t ary by e l i c i t ing th e release of endogenous gonadot roph i n .  

This evidenc e  has ma in ly boon gain ed from polytocous anima l s  ( e . g. 

mice ) but th ere is now some sugge st ion of similar eff ect s in 

sheep (monotocous ) .  P i �on et a l .  ( 1960 ) have shown t hat chronic 
� -

t roatmet1t o f  ewes wi t h  P . M .  s .  G .  will mark edly l ower the p i t u i t ary 

L. Ii .  conten t of such anima l s .  The increasing p revalence o f  owe s  

becoming anovular , and the increa sing incidence o f  cyst i c and 

per s i st en t  luteinised fol l i cle s ,  in ewes treated sequent ially 
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wit� P . M, S , G . further su ggest s t hnt the L . H .  suppl ies o f  these 

anima l s  are becoming e:r.:hau s t cc . The L . H . - l ik e  moeity of P . M . S . G , 

does not seeQ ab l e  to ex�rt an ovulatory effect in s equent ial l y  

t r eat ed ewes and i t  may b o  t hat thi s fract ion of t h e  exogo�ous 

hormone ne t s  synergi s t i cn l ly with endo genous gonadot rophin , 

which v;ould be rel eased on ndr:lini s t rut i on of P , i',1. S . G . 

Pol ge and nowson ( 1 97 3 )  have recen t l y  repor ted that p i gs w:·_ l l  

not become r e f ractor y t o  gonadot roph ic s t iQu l n t i on i f  P . M . S . G o  i o  

u sed in conjun c t i on w). th H . C . G. 1 over thr ee oes t rou s cycle s .  

� ! t hough there may be import an t dif ferences between polytocous and 

monotocous ani�al s 1 t hi s ob s ervat ion of Polgo and Rmv son ( 197 3 ) 

may have importan t  impl i cation s  with respe ct -:: o the d evelopment of 

ovcrian refractorin e s s  in ewes . Varied resu l t s  h3ve been ob tnincd 

vfi th th e u s e  o f  H. C. G. in ewes but Hunt et al . ( 197 1 )  have shmvn 
,_,� c:=o<L"D 

good respon s EJS  wi th puri f i ed F . S . H . and L . H .  ext ract s .  U; i s  

sugges t ed t hat t hose resu l t s  should be examined in grea t e r  detail 

in an effort to s ee whether su ch hormonal t echniques wou l d  h el p ·�o 

overcome ref racto rin e s s  in ewes . 

I f  ref rnctorines s ob s erved in ewes t reat ed with P . M . S . G. ovo::-

three oest rous cycl es is rel ated to the d e p l et ion of endogenous 

L . H . , n hypo thesi s of the chain of event s which causes th o 

cond i t ion cou l d  be propos ed . The cond i t i on may be precip i t a t ed 

by an init i a l  exhau s t i on of normal ant ra l  f o l l i c l es whi ch wou l d  

reduce respon s e  to a s econd inject ion .  Howeve r ,  due t o  sequen t ial 

t reatment , L . H .  reserve s  ( pi t ui t ary ) may al so become dep l e t ed so 

that when fol l i cu l a r  popu l a t ions are res tored ( i . e. at the s econd 

ob servat ion in Experimen t 3 )  the ovaries are unable to r e spond t o  
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f u rther s t imul a t i on b ecause o f  a l ack of L . H .  t o  enhance the 

e f f ect o f  the exogenou s ho rmone . 

Tho s taggering o f  suporovu l atory do ses was seen to part i a l l y  

ovorcomu ref ractorines s .  Thi s  may b e  explnined with reference t o  

t h e  p roposal in the p receoding paragraph . Wi th n speco o f  one 

o e s t rous cycl e b etween inj ection s , foll icu l a r  popu l n t ions he.ve e. 

suff ici ent period o f  t im e  to bo res tored and at retic or cya t i c  

f o l l i c l e s  wou l d  b e  given t ime t o  reGres s .  F u rthermore , p i t u i t e ry 

res erves of L . H .  cou l d  b o  rep l enished without any oxogonou s 

int erference. A s econd in ject ion of gonadot rophin i s  thus abl e  to 

ros t imul n t e  the ovnrios to auperovul atory respon ses . 

Further work on th e development of a refract ory condi ti on in 

ewes t roo.tod w i t h  F . M . S . G. ovor a short period i s  prob2.bly 

ju s t i f i ed .  I f  the condi t ion were overcom e ,  t h e  shor t t erm y i e l d s  

of largo numb ers of ova cou ld b e  po s sibl e f rom n sma l l  number of 

owes . I t  is unl ikely thnt an t i- gonadot roph i c  factors are 

responsible for the con d i tion and limited informat ion wou l d  be 

ob t a ined from s t ud i e s  on follicu l ar status o f  such ewes unt i l  

fu rther work i s  done o n  animals in t h e  norma l s t at e .  Inve s t igat i on 

of endogenou s L . H .  d ep l et ion s eems a promi s in g  l ine of study . I t  

should be e s tabl i shed whether such a d epl e t ion d oes occur wi th 

short term t reatmen t . I t  may then b e  f ea s i b l e  t o  rec t i fy the 

cond i t ion by supplem en t a t ion with rel iabl e  L . H .  extract s .  
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APPENDIX I 

Rl\.\7 DATA MEANS t"..ND R!.NGES OF OV!o.RI AN  RES PONSE DATA (EXPERI MENT 1 )  

GROUP 

L l  

L2 

L3 

L4 

H 1  

H2 

H3 

H4 

cc 

£QEPORA LUTE!:. : CORPORA LUTEA + FOLLICLES 

IVIEI\.N NUMBER/ c:;·.m (AND Rfi.NGE ) ) 3 mm . : i'IJE;•N NUMBER/ EWE 

(AND PJ·l.NGE ) 

1 . 8  (0- 10 )  

6 . 1 ( 1- 1 2 )  

5 . 6  (0-20 ) 

4 . 9  ( 0- 1 8 )  

0 . 9 (0- 3 )  

7 . 4  (0- 1 0 )  

2 . 0  (0- 1 2 )  

9 . 6 ( 1 . 36 )  

1 . 1  ( 1-2 ) 

3 . 7  ( 1- 1 1 )  

7 . 8  ( 2- 1 2 )  

9 .  6 ( 2-20 )  

9 . 6  (2-29 ) 

2 . 7  ( 1- 18 )  

9 . 4  (Q- 18) 

1 6 . 0  (9-20 ) 

1 3 . 0  ( 5-40 ) 

2 . 6  ( 1-4 ) 



a .  Sew data 

A 
GrOU!J D . F .  

( n- 1 ) 

L 1  9 

L2 8 

L 3  7 

L4 8 

H 1 8 

H2 0 

H3 6 

H4 8 

b .  Transformed 

APPENDIX I I  
t::..I:OI::::>i�--�-==--=-

Variance s
2 

9 . 070 

1 5 . 027 

ti l .  307 

29 . 1 1 2  

O . BG 1  

37 . 528 

2 1 . 143 

1 27 . 50::> 

D . F .  = 7 

The variance 

data B 

Coded s
2 

90 . ?0 

150. 27 

5 1 3 . 87 

29 1 . 12 

8 . 3 1  

37 5 . 28 

2 1 1 . 4 3 

1275. 50 

L c 2 
og coded o 

1 . 95751 

2 . 1 7696 

2 . 7 1079 

2 . 46404 

0 . 9 3505 

2 . 57430 

2 . 32531 

3 . 1055 1 

Chi2 
= 39 . 7 535'\'. *  

i s  significantly het erogeneous 

��--=-.,.,.,�-==-=-:r � 

Group D . I? .  Variance s 2 
Coded 8

2 
Lo[S coded 8

2 

(n- 1 ) 
w �  

L 1  9 0 . 4862 48 . 62 1 . 6860 

L2 8 0 . 72 1 9  7 2 . 19 1 . 8585 

L3 7 2 . 07'16 207 . 76 2 . 3 176 

L4 8 0 . 9165 9t.l . 65 1 .  7 9 6 1  

H1 B 0 . 1083 10 . 33 1 . 0 346 

H2 8 0 . 9507 9 5 . 07 1 . 9780 

H3 6 1 . 1077 1 10 . 77 2 . 0322 

H4 8 2 . 2244 222 . 44 2 . 347 1 

� 

2 
17 . a2 10 * *  (o.o5 <. P <  o . o l ) D .  F .  = 7 Chi == 

Variance approaches homogenei t y .  

h Group abbreviations a rc described in Chapter I I .  

B Dat a  t ransformed to .l x+ 1 .  
* p <. 0 . 05 

** P -(_ 0 . 0 1  



APPENDIX I I I  

STUDENT-NEWMAN-KEULS TEST TO COMPARE ��S OVUL!o.TION H.l�TE I 

EXPERIMENT 1 

1 .  Differences between moans when t hese means are ranked from 
small est to l argest 

Rank 1 

Mean 14 . 612 

No. /group 19 

Group 1 

2 3 4 

18. 416 25. 807 26. 436 

1 5 18  18 

3 4 2 

Rank Mean No. /group Group 

1 14 . 6 12 19 

2 

3 

4 

1 8 . 416 

25 . 807 

26 . 436 

15  

18  

18 

1 

3 

4 

2 

3 .084A 

1 1 .  195 

1 1 . 824 

7 .  39 1 

8 . 020 0. 629 

M. S .within= 109 . 434 3  M. S . within= 10. 461 

Degrees of freedom = 62 Use D. F .  = 60 

2.  B� consultin� a table �ivin� the crit ical values of the 
S tudentized ran�e the fol lowin� table ma� be drawn up 

ICB= 2 3 4 

c 2 . 363 2 . 959 3. 312 Q 10(k , 6d )  
::: 

JM. S . within Q .  toCk 6o > =24 . 7 19 30 . 954 34 . 647 

Q0 . 0 5 (k , 60 )  = 2 . 829 3 . 399 3 . 7 37 

JM. S • within Q o . o5(k 1 60 )  =29 . 594 35 . 557 39 . 093 

Q0. 0 1 (k 1 60 )  = 3 . 762 4 . 282 "1 • 595 

/M. S .
within Q :c39 . 354 44. 794 48. 068 o . 0 1 0c 1 60 )  

3 .  For a diff erence between means to b e  significant at theot level 

of signi ficance it must be equal to or greater than: -

A 

B 

c 

D 

D 
LSR = 'it_(k , oofM . S . with

-· �n2 

irJTn:;n2 
Difference between means 

k = 1+ difference in ranks of two means . 

Q = Value from studentized range for k items when the 0 . 10(k 1 60 )  
error variance has 60 degrees o f  freedom. 0.01 

refers to n t est being carried out at the 10% level of s ignificance. 

n1 and n2 are the srunple sizes of the two means . 



4 .  Using the Q values from tho above table the f ol lowing ranges 

may bo computed : -

a .  10% l evel of signif icance 

LSR 1 ----)2 

r.sn .. 2 -7 4 

r.sn2 �3 

LSR3 -7 4 

b .  

= 

34 . 647 X 6 . 0828 
26, 155 

8 , 058 ( s ign )B 

30. 954 X 6 , 0828 
26. 1 55 

= 7 . 199 ( sign ) 

= 24 . 7 19 X 5. 831 
23. 87 5  

c 
= 6 . 037 (N . S . ) 

= 30, 954 X 5 . 745 
2 3 , 2379 

= 7 . 652 ( si gn )  

= 24 . 7 193 X 5. 745 
23 , 2379 

= 6 . 1 1 1  ( s ign )  

= 24 . 7 19 X 1 
4 . 24 3  

= 5. 826 ( N .  S . )  

5% level of siGnificance ( testing only those ranges 

which were 

B 

LSR l � 4 
= 9.092 ( si gn )  signif icant a t  P (  0 . 10 )  

LSl \ --73 
= 8 , 269 ( si gn )  

LSR2 -:)4  
= 8 . 790 (N.  S .  ) 

LSR2 �3 
= 7 , 3 16 ( si gn )  

LSR1_,4 = Least significant range for comparing means with 

ranks of 1 end 4 (� this is not comparing t reatments 1 and 4 . 

I ndicates that these two means are si gnificantly different at 

this level of significance , i . e .  the difference between the 

means is great er than the LSR. 

C I ndicates that these two means are not si gnif icantly di fferent 

at this level of significance , i . e. the difference between the 

moons i s  less than the LSR. 



c .  1% level o f  significance (only test ing those 

ranges which were si gnificant et P <  0, 05 ) 

LSi11 � 4 
= 1 1 . 176 ( sign )  

LSR 1 � 3 
= 10. 043 ( sign )  

LSR2 � 3 
= 9 . 728 ( N . S . ) 

5.  A table indicatins the differen ce between means may now be 

constructed : -

Ranks of the mean group difference significance of 
pairs pairs of means mean difference 

1 and 4 1 and 2 1 1 . 824 P < O. O l  

i and 3 1 and 4 1 1 . 195 P < o. o 1  

1 and 2 1 and 3 3 � 804 P > O. lO 

2 and 4 2 and 3 8 . 020 p <0. 10 

2 and 3 2 and 4 7 . 39 1  p < o.os 

3 and 4 4 and 2 0 . 629 p ) 0. 10 

If comparison of means \1as not significant at the 5% level then 

means were said not to be significantly different.  However those 

which fel l into the P < 0. 10 category were reported as N . S .  

(P < 0, 10 ) 1 and those of P <..0, 10 were reported ns N . S .  



APPENDIX I V  

HEAl� UTGRI NE Yilli GH TS  i .. H D  STil.NI1".RD ERRORS FOR MOUSE G:1.0UPS OF 

BI OLOGICAL INH I B I TI On TJS T  (EXPBRIMENT 2 )  

MOUSE GROUP 

Uninjocted 

P. M. s . G. Alone 1 . 0. i . u . 

P. M. S .  G. r";.lono 0 . 2 5 i . u . 

1 . 0  i . u . P. M. S . G. + plasma 
1 1  1 1  1 1  

1 1  1 1  1 1  

1 1  1 1  1 1  

" 1 1  " 

1 1  " " 

1 1  " 1 1  

1 1  1 1  " 

1 1  1 1  1 1  

1 1  1 1  1 1  

11 11 " 

" " " 

1 1  1 1  1 1  

SH!::D:P GROUP 

L1 

L2 

L3 

lA 

H 1  

H� 

H3 

H4 

cc 

500 i , u .  P . M. S . G. 

500 i . u . P . M. S . G. 

+ ad juvant 

1000 1 .  u. P. M. S . G . 

1000 i � u .  P . M. S . G. 

+ a'djuvant 

0. 25 i . u . P . M. s . G .  + plasma L l  

L2 

L3 

L4 

H 1  

H2 

H3 

H4 

cc 

1 1  " 11 

1 1  1 1  1 1  

" 11 1 1  

" " 11 

" " 1 1  

" I f  1 1  

" 1 1  " 

1 1  " " 

MEAN (:t;_ S TD .  EHI10R ) * 

86. 5 1  (.:!:, 5. 07 )  

163 . 60 (t 4 . 99 )  
1 37 . 60 <.:t. s . oo )  

162 . 98 <.:t. 5 . 09 )  

159 . 7 3 <:t. 4 . 99 )  

167 . 05 (:t_ 4 e 98 )  
165 . 55 (;t 4 . 9 1 ) 

1 59 . 87 <.:t. 5 . 02 )  

159. 93 <.:t 4 . 99 )  

1 59 . 9 5 <.:t. 5 . 02 )  

160. 46 <.::. 5 .  00 )  

16 1 , 39 <.:t L..l . 99 )  

1 37 . 60 (.:!:, 4 i 99 )  

106 . 35 <.:t 4 . 98 )  

1 52 . 87 <.:t 4 . 99 )  
1 5 1  ... 5 3  <.:t 5 .·02 )  

150 . 93 <.:t. 4 .-98) 

143 . 55 <:t. 4 .. 99 ) 

1 37 . 86 <.:t 5 . 00 )  

1 3 1  •. 72 <.:t 5 . 07 )  

127 .09 (:!:, 4 . 99 )  

1 37 . 50 <.:t. s. oo )  

1 50 . 14 <.t 4 . 07 )  

* Transformed data t ransformat ion = log (X + 1 ... 1 )  x 100. 



APPENDIX V 

ill:LATI ONSHI P BETWEEN ESTH/li.TGD TOTAL OVI.RIAN FOLLICUU.il DEVELOPMENT 

AND OVAr:.IAN SUI!Fi'.CE OBS£RVATI ONS ( EXPEI\IMENT 3 )  

RELATIONSHI P TES TED REGRESS I ON ST/i.NDARD 

CUOSS SECTI ONAL vs S UH.FI.CE COEFFI CI ENT EiffiOR t 
..,...__,. 

COUNTS OBSElWATI ON 

LEFT OVi..RY 

ANTR./ • .L FOLLI CLES vs c . L .  0 . 17 0. 4 1  0. 4 1  N . S .  

V S  Sm. Fol . 0 , 26 0. 25 1 . 04 N . S .  

V S  Mod . Fol . 0 . 06 0. 21 0 . 29 N . S .  

VS Lgc. Fol . 0, 3 1  0 . 4 1  o. 76 N . S .  

VS All Fol . 0 , 1 3  0. 16 0 . 8 1  N . S .  

vs C . L .  + Fol . 0 . 1 8  0. 10 1 . 00  N . s .  

NOI1.MAL ANTRAL VS C . L . -0. 12 0.09 1 , 33 N . S .  

FOLLICLES 
Sm. Fol . 0 . 09 0,05 1 . 80 N . S .  V S  

VS Med . Fol . -0, 04 0,06 0 , 66 N . S .  

vs Lge. Fol . 0 . 04 o, 1 1  o, 36 N . S . 

V S  A l l  Fol . 0. 04 0, 05 o. oo N . S .  

vs C , L .  + Fol . 0 , 02 o.o5 0 . 40 N . S .  

niGHT OVI.RY 

ANTRAL FOLLI CLES vs C .  L. 0 ,. 48 O a 60 0 . 70 N . S .  

VS Sm, Fol . 0. 1 9  0 . 43 0 . 44 N . S .  

vs Med . Fol . 0 . 07 0 . 34 o. 2 1  N . S  .• 

VS L g e .  Fol . 0. 68 0 . 69 0 . 98 N . S .  

vs A l l  Fol .  0 . 1 3  0.27 0 . 48 N . S .  

V S  c . L . · + Fol . 0 . 22 0. 30 0. 7 3  N . s .  

NORMAL ANTRAL VS c . �. -o. 27 0, 67 0 . 40  N . S .  

FOLLICLES 
Sm. Fol . 1 . 1 1  0. 32 3. 47 N . S .  V S  

vs Med . Fol . 0. 2 1  0 . 47 0 . 45 N . S .  

vs Lge. Fol . -0. 32 6. 02 0. 39 N . s .  

VS Al l Fol . 0 . 7 2  . 6. 33 2 . 18 N . S .  

vs C . L . + Fql . 0. 66 6. 34 1 . 94 N . S .  
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