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I INTRODUCTION

The breeding seasons of most vertebrate species
are determined by two sets of csuses, the ultimate and
the proximate {Baker, 1937). Bullough (1951) describes
the proximete causes of the timing of & breeding season
ag being threefcld:; firstly, the internal revproductive
rhythm, which usually has an approximate periocdicity
of one yeary seeondly, the envirvonmental variant to
which the cycle ig attuned; and thirdly, the so-called
paychological factors which are, as yet, inadequately
studied and in many cases are indistinguisable from
the environmental causes. He further points out that
the ultimate causes, which are of s teleclogical nsture,
were originally invoked in order to exzplsin why a
particular ﬁi&@ of the year is the most beneficisl for

the purpese,

It is not surprising that the most essily examined
of these factors, namely the environment, has received
most attention in the domestic animals, Investigations
into the factors controlling the breeding season® in
the domesticated ewe have raised high hopes for successful

out-of=-geason breeding plans,

Such studies have particular significance when

*The term 'breeding season'’ is employed in a
vegstricted sense ¢ indicate that period of the
year when mating behaviour is evident and when
copulation results in fertiligation. In direct
antithesis, the term non-breeding season', or
"anoestrus?, refers to the remaining portion of
the year.



applied to Vew Zealsnd where there are major economic
benefits t0 be had by esarlier lambing and twice-year
lambing, In the Worth Isgland, becguse of its comparatively
mild temperature and well-distributed rvainfall, there is
really ne time of the year when lawbs could not be reaved
successfully. The normal procedure is to put the rams
to the ewes in March, but there is evidently a desire

on the part of more progressive farmers to advance the
time of mating by one or two months in order to profit
from the high prices for early-season fat lanbs.
Unfortunately the E@mﬁey}g&ie% is predominant on fat

lamb §§eé&¢ing farms, does not normally enter upon the
breeding seasson until March. Here, then, is the broad
Justification for research into methods of procedure

for ocut-of-season breeding in the Bomney ewe.

As a result of a perusal of the literature on the
subject, it was evident that present methods of attacking
the problem with hormones, notably progesterone sand
pregnant mares' serum (PUS), had resulted in successful
synehronisation of ovulation and oestrus but becsuse of
poor lanbing resulits, it was egually clear that little
wes known about the response of the reproductive tract,

ber ge.

Therefore, a study, to be detalled presently, was
undertaken, in which not only was oestrus and ovulation
looked upon as physiological endpoints for the treatments
uged, but further, the histological changes in the
reproductive tract and the gonsdotropnin content of the

vituitary gland were examined.
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IT THE REVIEW OF LITERATURE
A. The Extent and Significance of the Ancestrous Periocd

1e Introduoction

The seassonal nature of cestrus in the sheep is
well established. Table 1 lists some data reported in
the literature on the length and @@eagéﬁge of the
ancestrous period. For a more complete review ses
Hafez (1952). It will be observed that the breeding
season, as indicated by cyelic recurrence of cestrus,
generally commences in the sutumn, continues through

the winter and ends in the early spring months,

Hammond, Jnr. (194L) pointed out that the breeding
gseason is roughly evenly spsced sbout the shortest day;
but there are differences between breeds in the length
and aééugéng@ of the breeding season which Hammond
(1947), Hafez (1952) and Yeates (1954) attribute to the

latitude in which the sheep developed.

Ancestrus, however, is & relative rather than
gbsolute quiescence, Kupfer (1928), Grant (1933),
Roux (1936), Loginova (1939), Quinlan gt al. (1941},
Hammond, Jnr. (194li), Robinson (1950) and Sayed gt al.
(1952} have cited instances of ewes ovulating and in
some cases conceiving in the encestrous period.
Robinson {(1951) concluded that there is an inverse
relationship between pituitery sctivity and hours of
daylight and that this fundamental relationship accounts

for the seasonsl nsiture of the reproductive rhythm
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ABLE 1

Length of Ancestrus in Different Breeds of Domesticated Sheep

Breed

Auvthority Ancestrus - Northern Hemispherve!
Kupfer, 1923 FBuropean
Fillegas, 1929 European
Bchott et al., 1939 [Corriedale
Sehott et al.s 1939 IDorset
" Dorset/
Tas. Her,
" Dorset/
Del, ller.
HeKenzie & Terrill
1937« Grade
YecKenzie & Phillips;
1530, Hampshire
Senott et al., 1939 iHampshire
HicKenzie & Terrill
1937 Hampshire
Schott et al., 1839 | Karakul
Phillips et al.,
-4945 Karakul
Phillips 1947 Karakul Ly
Loginova, 1939 Karakul G
Schott et 8le, 1939 "/Scotitish
Schott et al., 1939 Herino
Cole & HMillen,
1935 Rambouillet
Melenzie & Terrill
1937 Rarbouillet
iCole & Miller, ,
1935 Ram/Romney 5
Cole & Miller,
1935 Romney
Miheila, 1934 Romney
MeKenzie & Phillips
1930, Shropshire
Schott et al.,19391 Shropshire
MoeKenzie & Terrill
1937 - Shropshire
HeKengie & Phillips
1930 Southdown
Schott et als, 1939 § Southdown
MeKenzie & Terrill
1937 Southdown
Hammond, Jnr., Suffolk/
18l Bolie = Chev.




TABLE 4 (cont.)
Authority Breed Anoestrus - Southern Hemisphere
JdAS O ND JT F BIAYJT
Kelley & Shaw, 1939| Dorset 55
Kelley & Shaw, 19L3{ Border
Leicester 6
Underwood et al,,
’192«}3—% Eg La/?%fe?. =1
" KupTer, 1928 Merino
Quinlan & Mare,
1931 Merino G
Marais, 1936 Merino 3
Roux, 1936 Merino | 5
Kelley, 1939, 19L6 | Merino , 3
Stewart & Moir,1943]| Merino | | i
Underwood et al., , % %
181y Herino { | i L
Underwood et al,, % L
1944 Herino o L
Kelley & Shaw, 1943| Merino | 0
Welker, 1943 Romney ‘ 7 7
Walker, 1943 Ronmmey 5 7%
Till, 1950 Romney ) - —
Goot, 1949 Romney -
Webster, 1955 Romney -




exhiblited by the eve.

Recent information suggests thet Robinson's
thesis cannct be accepted with certainty. Kammlades

Inr. et 8l. (1952) studied the gonadotrophin content of

the pituitery glands of ancestrous and cyeling ewes and
concluded that total gonadotrophin content was at as
high e leval during anoestrus as during the folliculsr
phase of the cestrous cycle. While Yeates (1954) puts
forward s gstrong case for light as being the major
controlling factor in the snnusl reproductive rhythm

of the ewe, Hammond, Jnr. (1954) draws attention to
what he considers are errors in the interpretation of
the availsgble data,. A pertion of the studies herein
reported is concerned with the pituitary gland gonadotrophin
content of the Romney ewe, snd this aspect will be

reviewed more fully later.

While 1t must be admitted that light plays an
important, albeit unexplained, part in the breeding
behavicur of the ewe, it seems fair to say, on the basgis
of aveilsble evidence in the literature, that the factors
controlling the phenomenon of asnocestrus in the domesticated

ewe have not been esbgblished.
26 Factors modifying the extent of the anocestrous period

i Breed - It will be seen from Teble 1 that
there are considerable differences in the occurrence
and length of the ancestrous pericd in domesticated sheep.
Although certain breeds such as the Romney, Hampshire and

Shropshire have a definite breeding season extending from
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sutumn o spring, other breedsz, such as some straling

of the Australisn Merino, appear to be capable of
breeding at any time of the year. This may be because
of selection towards sn early breeding type over many
vears (Kglieg & Shaw, 1943; Underwood gt _al. (194h).
Hafez (1952} pointed out that within the ssme environment,
but from year to year, a pariticular breed will begin
ceteris

cycling at o constant date, paribus. Radford &

Watson (1955) have observed marked variation, however,
by individual ewes in the commencement of their breeding

season.

That variations in the length of the breeding
season have g genetic basis is supported by the fasct
that progeny of crosgsses of different breeds have breeding
seasons intermediate in length to those of the parents
(Cole & Miller, 1935; Schott et sl., 1939; Walker, 1943;
Kelley & Shaw, 1943; Hammond, Jnr., 194l; Hafez, 1952).
Further support is gained from the observations of Kelley
& Shew (19g§> that the onset of the breeding season is

different for different strains within the ssme breed.

ii. Latitude - Marshall {1936) drew sttention
to the fact that vwhen British breeds of sheep are
transported from Englesnd to South Africs they finslly
aiﬁsf‘%y six months the time of the calendar year st
which they breed, so¢ conforming with the seasons in
their new environment. This was strong evidence that
the seasonal nature of reproduction in sheep must be
due l§§§61§ to some influence of the externsl environment

and Marshall (1936) postulated that if these animals
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react to light, it must be to diminution and not to

increagse, s they are autumnn breeders.

A theory of natural selection, based on the
conception of characteristic response to the light
environment, is held by Yeates (1954) to explain both
the time of onset and the duration of the sexual season
of sheep evolved in different latitudes, and he points
out that the precise details of breeding following
transTerences, say, from one hemisphere to the other,
depend on the time of year of the movement snd on the

reaction time to light of the individual animsl concerned,

iii. Age - It is generally agreed (McKenzie &
Phillips, 1930; Cole & Miller, 1935; Roux, 1936;
MeKenzie & Terrill, 1937; Hammond, Jnr., 194li; Goot,
1849 Hafez, 1951; Bettini, 1953), that ewe lambs
and yearling ewes have a restricted %reedingvseasana
Early born lanbs may show signs of heat in their Tirst
autumn but late born lambs do not begin cycling until
th@ following sutumn. This restricted season is
characterised by 8 lester start and an sarlier cessstion

of eycling.

ive Plone of nutrition -~ South African workers

(Quinlan & MarE, 1931; Roux, 1936) have shown that
malnutrition in the Merino leads to & delay in the
onset of the breeding season. Hafez (1952), studying
Suffolks in England, concluded that a submasintenance
diet did not delay the onset of the breeding season,
but that it did increase the number of silent heat

pericds in the early part of the breeding season,
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Grant (193L) and Wallsce (1951) believe that the onset
can be hastened by flushing but this has not been found
to be the case by MeKenzie & Phillips (1930), Underwood
& Shier, (1941), Briggs et al., (1942), Till, (1950).

Ve The presence of the ram -~ Underwood, Shier

& Devenport, (194L) observed thaet the incidence of
lambing in Werinoc & Border-Leicester Merino half-bred
ewes in VWestern Australis wes far from random. They
noted a characteristic lag @erisé of approximately 16
dsys when s few ewes lanmbed, followed by a pericd of

8=10 days when a high proportion of the ewes lanbed.

Coleman (1950, 1951) reports trials in which a
group of Corriedale ewes were run with vasectomised
ramg for 3 weeks prior to meting with Corriedale rams.
Lanbing was earlier and lanbing % higher than in a control
group. Hafez {cited by Robinson, 1951) noted that
the introduction of rams to a flock of Suffolk ewes
in Auvgust hastened the onset of the breseding season
when compared with ewes with which & rem had been

running all the summer.

A report by Thompson & Schinckel (1952) tended
to confirm the hypothesis that the presence of the ram
mey take the form of an external® gtimulus to ré§?0éuctive
activity. The nature of this stimulus was investigated

by Schinckel (195ha), who asserted that "the effect of

#*The term Yexbteroccepbtive stimulus™ has been incorrectly
used by many workers when referring to an "external
gbimulus. ™ Thus it is correct to apply the term
"exteroceptive™ to the organ, e.g. the eye, which
recelves the "external' stimulus.
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the rem on sexusl activity of the ewes bakes two distinet
forms depending on the durstion of the assocliation,

Under protracted associstion extending over periocds of
‘months, and particularly when this assoclation ezteﬁés
through ancestrus, the effect is one of depression of
activity and extension of the periocd of ancestrus.

The effect of sudden association late in ancestrus,

when ewes have been separsted from rams for long periods,
is one of stimulus snd the synchronisation of the
activity in 2 high proporition of ewes.”  Schinckel (1954b)
and Riches & Watson (195L) present data in support of

the above hypothesis.

Granger (1955) indicates that the presence of
the ram during lactation encestrus may have an effect

gimilar to thet shown to oceur in late anoestbrus.

vi. Other fachtorsg - From the studise of MeXenzile

& Pnillips (1930), Kelley (1937, 1939) and Yeates (1949)
it would apprear that temperature does not play 2 major
part in the contrel of breeding behaviour in the cwe.

Dutt & Bush (1955), however, have brought ewes into season
during the normal anocestrous period by subjecting them

t0 cold temperatures (L6 - 48 deg. F) for a period of

,? weeks.,

Following pregnancy, during which there is normally
no signs of oestrus, a lsctation ancestrus apparently
lasts 5-9 weeks (Robinson, 1951), depending upon the
season of the year. inder normal husbandry conditions

in Hew Zealand, where ewes are mabted esrly in the breeding



season, lanbing occcurs at the end of the season s¢
that lactation ancestrus will tend to merge with

the true ancestrus.

B Methods Uesed to Alter the Ancestrous Period

e Introduection

There have been two distincet methods of tackling
this problem, namely, the use of light and the use of
nopmones., These may be looked upon merely as two
different ways of approaching the same provlem of
altering the pituitary-ovarian relsticnships during
ancestrus, which may be termed unfavoursble from the
point of view of breeding behaviour, to that pertaining

during the normal breeding season,

The use of light involves, in practice, a study
of different light:derk combinations for the 2li-~hour
period. While & conglderable amount of work has been
done on small animels, including mink, ferret, birds,
etes, (Hammond, Jnr., 1954), the effect of light on

the ovine species has recelved scant attention,

The practigse of injecting hormones, singly or
in combination, has not led to such spectacular
results as have been reported for light despite the
much larger volume of literature. Hevertheless it
will be noted that since the significance of the
spontaneous ovulations unaccompanied by heat which
oceur in late ancestrus (Grant, 1933) was pointed

out by Hammond, Jnr. et al, {(1942) there have heen



encouraging results.
2e Ligh’f}

It is well to remember that two factors in
particular may moderate, and hamper interpretations
of light effects; one is the influence of courtship,
mating and parental behaviour; +the other is the
presumed existence of an inherent rhythm (Hammond,

Jnr, s '5951{39

Sykes & Cole (1944), by artificislly first
increasing and then decreasing spring day-lengths,
obtained pregnasncies at an gbnormal time of the year.
Similar treatment was used by Teates (1949) in a more
elaborsbte experiment, Hie conclusion was that the
start of the breeding season comes %3~§6 weeks after
a change to desreasing day-length and ends 14~19 weeks
after increasing day~length, irrespective of the absoclute

day~length at the time of change,

Hart (1950), Hafez (1951,1952) end Terry &
Meites (1951) have conducted experiments using various
combinetions of light and dark, Although these studies
show that light has both inhibitory and stimulatory
effects there is no clear guantitative evidence of the
way sheep summate the effects of light responses

(Hammond, Jnr., 1954).
3e Hormone administration
The use of hormones in the control of the breeding

eyele has been reviewed by Phillips et al. (1945 and
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Robinson (1951). The following is & summsry of

their findings augme d by & full review of

gubsequent avallsble literature.

It should be pointed out et this stage that

both reviewers drew stitention fo the spparent
divergence from the potency designsied by the
gbout 508

after which

Consequently
wvhere preparations have not been checked for potency

it is possible that large errors may have oOccurred,

and this fact should be realised when considering

the resulils of varicus investipgstors.

Cole & Miller {1933) reported that PUS would

fairly regularly induce ovulastion without heat, and
thet o second injection 16 days later would csuse

coompanied by hest. This experirent

e
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16-day intervals:

1i1. obtaining hesat and ovulstion by

or with other




Results have been generally disappointing from
the point of view of induction of hest and the number
of conseptions Pollowing srtificial insemination or
forced mating, Exceptions have been noted in breeds
with a relstively shallow ancestrus (Litoveenko,
0'Neill - gﬁ@teﬁ by Robinson, 1951; Kelley & Shaw,
1943). The results of Cole gt al. (1945) are

typical,. Over a period of 11 years results ranged
fr&m,alﬁssﬁ complete failure to even better than
in the g%iﬁiai work; they record that 7% of ewes
came into cestrus after ocne injection of 125 = 700
i.u, PUS and unone conceived, while following two
injections the cestrus rate was 3L% but only one-

third of these conceived,

Hevertheless there seems little doubt that a
single injection of PUS will cause ovulation in a
large proportion of animals, The threshold level
is regarded as LOO i.u. {(Robinson 1951) but this
will vary with siesge of ancestrus, breed of sheep,

and type of management.

There are reports of the use of other hormones
(oestrogens, progesterone and testosterone) with PMS,
Oestrogens have generally yielded poor results (GCole

& Miller, 1935; BPBell et al., 1941b; Hammond, Jnr,

et al., 1942; PFrank & Appleby, 1943; Cole et al.,
19L45; Phillips gt al., 1946; Vander Noot gt sl.,
1949).  On the other hand, pretreatments with
progestercne and testosterone have been guite

promising (Hammond, Jnr. et al., 1942; Cole et 8l.,
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19L5; Phillips gt _gl., 1946; Thibault gt al., 19u8;

Robinson, 1950),

Robinson (1951) concludes that there is s
fairly clesr pattern of behaviour fslle%iﬁg injection
of PHS in the asnoestrous ewe the varicus responses
being related to the presence or absence of a spontaneocus

corpus lubeum.

Recent work has been directed towards an under-
standing of the role of progesterone, It has been
shown that if progesterone is injected for several
days prior to PUS cestrus often sccompanies the first
ovuletion which is induced (Robinson, 19§2§ 195he:
Dutt, 1953; Deuzier et al., 1954, Raeside, 1955;

Edgar, 1955 éﬁmbﬁﬁfﬁ@‘f95§)¢ The relisbility of
the cccurreﬁée of the ocestrus response when PHS

is given four days afﬁef tﬁs commencement of the
progesterone iﬁjeaﬁian ig considersbly enhanced

by gf@aﬁéf subdivision of the dose of progesterocne
(Robinson, 195h4e). A further inerease is obtained
by prolonging the period of sitimulastion by three
days. Thus, a total of 75 mgms of progesbercne,
administersd over a period of six days in 12 twice-
daily injections in oil, followed 4O hours after the
final injection by 1000 i.u. PUS will result in
cestrus with ovulation, within LO hours of the
gonadotrophin injection, in practicselly all ewes

treated {Robinson, 1955b).

Lambing results in this type of trestment,

however, have not been satisfactory (Rsbingsﬁs 195h8 .
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1955b;: Edgar 1955) s indicating that the maternal
snvironment has not resched the same state of

receptivity as in the normal breeding season.

The administration of progesterone slone has
been followed approximaiely three days after the final
injection by ovulation with and without heat (Dauzier
& Wintenberger, 1952; Dutt, 1953, Robinson, 195he,
1955b; Raeside, 1955). The responses have been

promising but the mechanism is obscure.
Co Cyclical Changes in the Reproductive Tract

P Introduction

Because of the minor nabure of the extent of

ot

the changes in the reproductive tract of the anocestrou
ewe, this section congists ¢f a brief summsry of the
normal ocestrous cyecle, followed by a review of the
literature desaling with the sncestrous ewe. it

is hoped, in this ways to indicste the fundamentally
important fact thaet the reproductive tract of the

snoestrous eve ig in 2 sitate of relebtive insctiviity.

2e Macroscopic changes in the ovary

During the course of g normal cestrous cycles
the ovary undergoes characteristic changes. In the
follicular phase one or more follicles (depending
mainly on breed and level of nutrition - HMarshall,
190l Hammond, 1921, Quinlan and Mark, 1931; Cole
& Miller, 1935: Roux, 1936; NeKenzie & Terrill, 1937:;

Underwood and Shier, 1941: Hammond, Jnr., 19Ll;



Robinson, 1950, 1951#; and others) developtt to

maburity under the influence of the follicle

stimulating hormone (¥SH) and ovulate under the

added influence of the luteinising hormone (ILH or
IC8H) of the anterior lobe of the pituitary (Robinson,
195Ld)s  The cavity of the ruptured follicle is

then invaded by lutesl cells thus forming the

corpus luteum which reaches its maximum size by

the 5th day. Regression Tollows from the 1Lhth day
and the luteal phase gives way to¢ the next follicular

phase (Warbritton, 193L: Grant, 193l).

It is generslly believed that follicles of
nearly every stage of growth up to but not including
naturity may be found in each ovary of the ewe through-
out the ocestrous cycle. Casida & lcKenzie (1932)
reported evidence of a gradusl increase in mean
diameter of the follicles, 2 mm. or larger, during
the first one-third of the cycle. For the remsinder
of the cycle there wass an irregulsr but fairly well
sustained mean diameter, There were follicles at
approximately the mid-period of the cyele; as large
as those just prior to ovulation. This latter
finding has also been reporited by Bierbesuer {(cited

by Casida, 1946),.

Grant (1934) could not confirm the observation
of Quinlan & Msrd (1931) that rapid enlargement of

the follicles destined to rupture at the next ocestrus
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oceurse shortly after ovulation, these follicles
continuing to grow, but very slowly, during the remainder
of the interoestrous period, Instead he concluded
%ﬁai’éuﬁiag intervestrus one or more Tollicles grow

to a certain size i.e. 5~7 mm; when such follicles
exist in the ovaries at the time of the previous
ovulation they remain little changed in size during
intercestrus, but when only very small follicles are
present they enlerge up to 5-7 mm. in diameter.

The cycle may, hovever, be complicsted by follicular

atreglia, indetectable mscroscoplcally.

McKenzie & Terrill (1937) agreed with Cole &
Miller (1935) that the nurmber of small follicles
present in the interocestrous periocd was guite

varigble, ranging from none up to 30 in each ovary,.

Kammlade, dnr. b 8l., (1952) could not find
any relation between the nunber of follicles and the
stage in the cycle, bult the regression of aversage

follicle diameter on day of cycle was highly significant,.

The interesting finding by Phillips et al. @S4u5)

that lot-fed lambs contained significantly more
follicles over It mm diasmeter than range-fed animals
at the end of the winter feeding veriod is difficult

to interpret.

Mid=gnoestrus can be clesrly differentiated
from early or late sncestrus because in the former
the ovary contains no corpora lutes. Thus Grant

(1934}, Cole & uwiller (1935) and Roux (1936) found
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that the ovary goes through s series of cyclic changes
during esarly snd late aneestrus similar to those
~occurring in the sexual season, These same workers
agree that the ovaries during mid-anoesitrus contain

emall and medium~sized follicles (1 - 5 mm) in

about the same numbers encountered during the

sexual season, Some follicles may attain a considerable
gsize &ﬁ§~i% is thought that new follicles arve
continually formed to replace those lost by atresis.

There is, however, ne ceritainty on this point.

Rammlade, Jnr. gt al. (1952), taking into
conglideration only follicles 1 mm in diameter or larger,
found noe significaent change in either number or size
during snocestrus,. It was noted,; however, that although
there was no difference in either the average diameter
of 8ll follicles or the dismeter of the largest follicle
between ancestrus and th@ breeding season, there was
& highly significant difference between the two periocds

in the totsl nurber of follicles,

3 Histologicsl changes in the tract

i. Fellopisn tubes - As a result of studies

on the falloplen tubes in the cestrous cycle, Caglida &
McKenzie (1932) concluded that the grestest height of
the epithelium in both the mid-tube and the fimbriated
end cccurred during late cestrus and metoestrus. The
early lubeal phase also provided the most obvious
development of the connective tissue stroma of the folds

and the clesrest definition of the cell %éuﬁ@%ies.
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Cytoplasmic projections from epithelial cells were most

clearly seen in the fimbristed end during metoestrus

and in the mid-tube during dicestrus and provestrus.

The most strilking differencesobserved by Me¥enzle
& Terrill (1937) were changes in the height of epithelium
and the phenomenon of cellular extrusion. The
epithelium was highest nesr the time of ovulstion,
The cytoplasmic projections appeared some time after
ovulation and increased in préminence as the height
of the epithelium decreased. These changes are in
general agreement with those observed in the bovine
oviduct (Hammond, 1927; Cole, 1930; Roark & Herman,

1950, )

There are no reports in the literature concerning

the oviduvcet of the ewe during sncesirus.

ii. Uterus -~ The histologlicsl changes occcurring
in the uterus throughout the cestrous cycle have been
studied in detail by Casida & McKenzie (1932}, and
MeKenzie & Terrill (1937). Contributions have slso
been made by Marshall (190Lk) and Cole & WMiller (1935),

Most obvious changes during the cestrous and
vrocestrous stages were incresse in cedems and
vascularity of the stroms, When the corpus luteum
is in the periocd of greastest asctivity there appears
to be an increase in the coiling and branching of the
uterine glends; the height of the glandular and
surface epithelium appears to be greatest at this
time alsC. Similarly, Tolding of the epithelium

was found to be most marked in the mid-lutesl phase.
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Regression of the corpus luteum was found to be
assoclated with an increasse in numbers of lymphocytes

and a decrease in the height of the epithelium,

hccording to Cole & Miller (1935) the uteri of
ewes subtopsied in mid-ancestrus are easgily distinguished
from those autopsied during the sexusl season. The
uterine glands and sll other bortions of the uterine
mucoss recede to a point not seen at any other
reproductive phase of the mature eve. Both the

superficial and glandular epithelium are low columnar,

iii, Cervix - Detailed examination ¢f the mid-
cervical region by Grant (1934), Cole & Miller (1935)
and McKenzie and Terrill (1937) indicates that the
epithelium secretes mucus throughout the cycle,

There asppresr to be differences in the amount of mucus
in the cells, however, - the production and storage
taking place during dicestrus and the mucus liberated
during prooestrus and oestrus, The stroms underlying
the epithelium appears to become ocedematous during
oestrus,. The character of the mucus in the cervix

varies considerably throughout the cycle,

leKenzie & Terrill (1937) noted & "spent®
appearance of the epithelial cells in late luteal and

folliculsr phases.

Cole & Miller (1935) observed that in mid-
ancegtrus the superficisl layer of cells is lower in
height than during the breeding season and the under—

lying epithelisl cells are small and insctive.
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Likewise the complexity of the cervical glands is

reduced,

ive Vagina -~ It was reported by Darlow & Hawkins
{(1931) that rhythmicel changes in the charscter of
the vaginel smesr occur regularly throughout the
eycleys these changes serving as indices of the
different phasesy procestrus, cestrus, metesestrus
and dicestrus. Hawkine & Darlow (1933), Grant
(193L) and Cole & Miller (1935) made a thorough
study of the relationship between histologicel changes
in the vagina and the vaginal smear throughout the
eycle., Casida & McKenzie (1932) and lcKenzie &
Terrill (1937) have slso studied the cyelical

histological changes in the vagina.

While findings concerning the changes in the
vaginal smears agree fairly closely there is some ‘
doubt as to their religbility as indicators of
separate stages in the ocestrous cycle,. This is
perhaps based on the fact that histologic changes are
not striking and results reported in the literature

are somewhat varisble,

In general, cedems of the stroma, congestion
of blood vessels and accelerated growth of the epithelium
were noted during ocestrus, Corpification was usually
noted in late ocestrus and metoestrus, but its appearance
is epparently not as abrupt as that in the goat

(Hamilton & Harrvison, 19%51).

Desguamation of the epithelial cells sppeared
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greatest in the early lutesl phase, Leucocytes
have been found t¢ be more numerous in the
epithelium during the middle and later stages of

the cycle.

Grant (1934) and Cole & Miller (1935)
described the vaging during ancestrus snd pregnancy.
Whereas during ancestrus there was no great difference
from that of the provestrus stage, the vagina in
pregnancy consists of gbout L layers of stratified
columnar epithelium; there was some evidence of
mucus secretion in this period also. The scant,
meist vaginal smear cobtained during mid-ancestrus

contained & few leucocytes and epithelisl cells.

Grant (1934) observed that in late ancestrus
the vaginal epithelium became thicker and the nurber
of free lymphocyites in the stfoma increased,
accompanied by an increase in vasularity. )
Approximately 2=l weeks prior to the first heat periocd

the veginal smear showed changes similar to those

taking place in the normal ocestrous cycle.

Do The Response of the Beproductive Tract to Hormone
Administration

In & previcus section of this review of literature
attention was drawn to the methods used to alter the
ancestrous period. Emphasis was placed on the use
of cestrus and ovulation, and in some cases pregnancy,
as the physiological endpoints by which the success

of the treatments was judged. In this section the
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emphasis is on the changes which take place in the
sepsrate orgens of the reproductive tract as a
conseguence of hormone administration, It will be
gseen thst this particulsr aspect has %&eﬂ generally
neglected in the anvestrous ewe, Conseguently it
is deemed pertinent to consider changes teking place
in the ovariectomised ewe and the ewe in the normal

breeding season,

HeKenzie & Terrill (1937) observed that injections
of ocestradiol benzoate {1000 R.U., given in 5 injections
of 200 R.U. at 6=hour intervals) brought two castrated
ewes into heat in 2l and 36 hours after the first
injection. Vaginal, cervical and fallopian tube
epithelial linings were 2l1ll higher in the trested ewes
than in the uninjected castrate; alse the lumina of

the uterine glands became much larger.

Bell et al. (194ia) in an extensive experiment
involving 30 epayved ewes ¢btained essentislly similar
resulits with ocestradiocl,. The addition of progesterone
appeared Lo have no effect on the vaginal epithelium,
but it maintained the height of cervieal and uterine
glandular and surface epitheliume It wss noted that
the sddition of progestercne led to a definite increase
in the coiling of uterine glands sfber pre-treatment
with ocestradiol,

Poloveceva & Judovie (1939) found the conditions

of the reproductive tracit, when ovulation was induced

- without heat, using ?%ﬁ,té be similsr to thaet seen in



cestrous ewes, except thet tonic uterine contractions were

absent and there was a tendency for the cervix to remain

cloged,

Bell et al. (1941b) noticed that the vaginal smear

changes after induction of ovulation with or withoul hest by
?%S,shéeg vituitary extract and cestradiocl benzodste slone and
in copbination, were similar t¢ those cbserved at and after
natural oestrus, and were independent of whether or not

the snimals came on hest or ovulated.

Hammond , Jnr. et _sl. (1942) found that horse
pituitary extract clearly caused an incresse in the nunmber
of follicles developed in asncestrous ewes. The addition
of progesterone t¢ horse pituitary extract did not appear
to have any effect on the growth of mediume~sized follicles,
but examination of the deta indicates that two yearlings
which received i mgms progesterone at the same time and
two days before the horse pituitary extract had 8 large
follicles each. It will be noted that both showed

doubtful signs of heat,

Phillips et al, (19L46), in a series of experiments

invelving ovariectomised ewes receiving oestradiol alone and
followed by progesterone, could find no evidence that
progesterone acts synergistically with ocestradicl injected
16=-6L hours prior to the administration of the progesterone.

This is in sgreement with the findings of Cole gt sl
(1915)

Casida (1946) reported an unusual finding with

regard to the use of oestrogens in the cestrous cycle.
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He stated thet ovulation, without heat, was cbtained most
consistently when the cestrogen was asdministered on the fourth

day of the cycle and was obtained rarely at other stages.

Dutt & Casida (1948) showed that 10 mgms of
progesterone per day would control cestrus and ovulation
in all ewes tested. These injections began on the
Lth, 8th, and 12th day of the cycle and all ewes ovulated
with heat about three days after the finsl injection.

O'WMary et al. (1950) achieved similar resulis.

Cole et al. (1945) and Robinson (1950) obtained
cestrus in a high proportion of ewes when testoésterone
prop¥ionate was given prior to the PMS injections.

Ovulation, however. was either delayed or suppressed.

Robinson (1952), reporting encoursging results
uaing progesterone prior to PHS in the ancestyrous evwe,
ventured the opinion that the action of progesterone is to
develop¢ receptors in organs such as the uterus, these receptors
responding to subseguent ocestrogen stimulstion resuliting in
cestrous %eﬁavjsaﬁgiﬁiéaésegﬁenﬁ vaper, Robinson (19542)
showed thet such receptors, if present,; were not important,
gsince he obitained oestrus in hysterectomised ewes with
progesterone followed by FES, He further cobserved
that the follicle picture in the ovary, after progesterone
and PUS sdministration, wes not noticebly different from

the controls,.

Further studies by Robinson (1954bs 195hc; 1955b)
have culminsted in the very important demonstration that

the response of the progesterone-primed ewe to cestrogen
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is exceedingly eckitical.

It is clear that there is much to learn about
the true role of progesterone both in the phenomenon
of ovestrus and the preparation of the tract for

reception of the fertilised ovum.

E. The Pituitary Gonadotrophins

1e The role of antericr pituitery lobe gonsdotrophins
in the anoestrous ewe

It is customary to recognlise the presence of
three subsbances produced by the anterior pituitary
gland which act upon the ovary. These are the
follicle stimulating hormone (FSH), the luteinising
hormone (IH or ICSH) and the lutecotrophic hormone
(sometimes called wither lactogenichormone or prolactin).
It has not yet been shown, however, that these hormones,
ag separate entities, are seereted inte the boood

stream (Burrows, 1949; Evans & Simpson, 1950),

Hammond (1946) refers to the fact that in the
cow and sheep LH predominastesg and that this possibly
accounts for the strongly developed luteal phase in
the cvarian cycle of these two animals, Thus the
action of PHS which is a potent source of a follicle
stimulating hormone, on the ancestrous ewe, whereby
ovulgbtion is brought gboub, is atitributed te the
interaction of the FSH with the animal's own pituitery
gonadotrophins. Detailed histological exemination

of ewe pituitary glands by Warbritton & McKenzie (1937)
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would tend to substantiaste Hammond's thesis.  Thus

they ¢bserved a marked decrease in sctivity of the cells
which they presumed to produce FSH during sncemtrus,

while the cells which were presumed to produce LH remsined
in a similar state to that found during the early luteal
vhage of the oestrous cycle. It may be noted, however,
that the FSH producing cells were shbundant during the
cestrous cycle, slthough their asctivity was not easily

determined,

Working upon the postulste that the pituitary
gland of the sncestrous ewe would indicate its potential
activity by its gbility to produce and store gonadotrophic
hormones after spaying, Warwick (1946} interpreted his
resgults as indicating that the ancestrous ewe is asg
capeble of producing high levels of gonadotrophin as

the ewe in the normal breeding season.

Cole & Miller (1935), Overfield et al. (cited
Warwick, 1946) and Kammlade Jnr. et al., (1952) compared

the gonsdotrophic sctivity of ancestrous ewes with
nermel cycling ewes and obtained evidence ﬁhat'ﬁhe
gonadotrophic potency in the sncestrous ewe is at
lezsst as high ss that of the ewe in the mid-luteal
phase, It was not possible in the gbove experiments
to be certain whether FSH or LE or both caused the

Chserved 888y PespONses.

I+t may be pointed out thet Warwick (9uL6) cbtained
a significant difference between breeds; Hampshires
peing lower thean Crossbreds, both in intact and

spaved ewes, irrespecitive of the season.



2e The chick assey for pitultary gonadotrophins

Domm & Van Dyke (1932) and Shockaert (1933)
induced pﬁ@coeiﬁés testes developnment of immature male
fowls by injection of extracts of the anteriocr lobe
of the @itﬁita?g gland; Hanburger (1934) and Asmundson

& Wolfe (1935) achieved similar results using PUS,

Breneman (1936) showed that the follicle
stimulating extract produced aen hypertrophy of the
tubules of the testes and the luteinising fraction an

increase in the interstitial tissue, in SH=day old chicks.

Byerly & Burrows {(1938) described a method for
agsay of PUS and male day-old chick anterior pituitary
gonadotrophins. They c¢btained & streight line
relationship for log dose - log response with PUS,
They also pointed out that the gonadotrophic potency
of the day-o0ld chick was measursble, and Breneman
(1945) found the 5-day old chick to be capeble of

gonasdotrophin production.

The day old chick has also been used by Bates

et al, @oL0); Bates et al. (1941); Bergman et sl.

(1939) and Simpson et al., (1942) to assay gonadotrophins.
Bergman & Turner (1942) give some informetion on the

normal weights of chick gonads over a four year period,

Venzke (1941) described the histological changes
in the gonads of the chick prior to hatehing, after
injections of P¥S and Kumerin & Turner (1949) have
described the normsl histologicsl ehgngés taking

vlace in the testes of the immsture cockerel,
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Warwick (1946) and Kammlsde Jmr., et al. (1952)
used a modification of the assay technigue of Evans

et al., {(19L0) for studies of the pituitary glands of

sheep and Robinson & Nalbandov (1951) used a similar

mbhod for swine pitultasries.
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IIx MATERTALS AWD HETHODS
A, The Experimental Animsls
te Sheep

a. History - One hundred and five (105) Romney ewes

were Cbitained from the College farms Tor use in this
experiment. These ewes were cull animsls and comprised
part of the normal surplus of the farms. They were
culled for old sge (the mejority being 5 snd 6 year ewes),
poor teeth and mastitis. Lambing records existed for all
ewes and the totel ﬁgxﬁéf of lambs reared per ewe varied
from 3 to 8. The previous season's lambs had been

weaned at the middle of Wovember 195L, by which time all

but seven ewes had been shorn,. These seven Werede

Bwe Group
8147 2 e ii%
56047 v (il

LOB LT 2 a (i
190,48 2a (i
10L. 48 Ab (1
115, 5O 3 a {(ii)
AL 3 a (ii)

These ewes remoined unshorn.
At the commencement of the experiment 82 of the ewes
were judged to be in good condition, 23 in fair condition

and L in poor condition. Ewes in poor condition weresi-

Ewe Group

8 A 2 a (ii)
136 H 5a (1ii)
150 H La (i
156 H 2 b (1

Four sged vasectomised Romney rams were run with the
ewes from January 2nd., These rame had been shorn in

Hovenber and were in geood condition and very asctive, Four
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entire Romney rams, 2 years old, were joined with the ewes
on January 5the They were unshorn, but this did not prevent
two of them, in particular, showing great interest in the

CVWEBe

be Hanagement - The ewes were run together on pasture
until the first day of the injeections, January 2nd, vwhen
groups 2 ¢ and 3 ¢ were separsted from the main mob and
run with a teasser ram for the period of the injections.
This was done because these two groups were receiving
two injections dsily and consequently pasturing them
separately Pacilitated handling. On Januvary 6th these
ewes rejoined the main flock, For the period of the
experiment the ewes were pastured in 2 paddock which
comprised a gully, a steep face and & small platesu, on
which the vards were situated, The main pasture plants
were white clover, ryegrass, browntop, sweet vernal and
dogstail; the gully being gquite green and the remainder

rather brown and dry.
2e Chickens

White Leghorn, i=-day ¢ld. cockerels were obbained from
the College Poultry Farm ecach Monday afternoon. Actually
some of the chicks would be almost 2 days cold by then since
they were hatched throughout the weel~end, They were
vlaced in & standard chick brooder, in a building, in which
the temperature was thermostaticslly controlled. Grest
care was taken with the feeding and temperature regulation

and genersl hygiene - so much so that the average losses
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B The Hormones Used

1. Progesterone

Crystalline, pure progesterone was obtained from Organon
Laboratories (Batch No: A 1030). Six grams of this was
dissolved in 480 ml. pemnut o0il on January ist and the mixture
kept at room tempersture; a further 1.25 grems was dissolved
in 100 xﬁl. peanut oil on January Lth, The concentration of
progesterone in the peanut 0il was thus 127 mgms/ml.

2. P;'csnant Mare Serum (Pu8)

The PUMS used on both the ewes and the chickens was
Gonodotrophin "Gestyl" - 1000iu/vial, product of Organon
Laboratories. That administered to the sheep was purchased
in November, 1954, but the date of preparation was not
recorded. That administered to the chickens was Batch No:
1092,}%68&0:‘ 10th, 1954, which was purchased in June, 1955.

€ The Methods

1. Grouping

Each ewe was ear tagged and a list of the tag nurbers
taken. The ewes were asllotted at random into 10 groups of
10 and one group of 5. The groupe and the treatments are
as indicated in Teble 2. It will be noted from Table 2
that groups 2 ¢ and 3 ¢ were injected twice daily; and
that group 5 a received 1 ml. of oil (arschis) per day for
L days.

2, The injections

Injections commenced on January 2nd at 9.30 am. Morning
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injections were commenced thereafter between 8,00 and 8.30 am.
and completed by 10.00 am; and evening injections were given
between 6.45 and 7.45 pm. (group 2 ¢ and 3 ¢ only).

The hormones were injected subcutaneously in the neck
region, alternately on the right and left sides,

3e Detection of oestrus

The vasectomised rams were raddled with blue tupping
paste and the others with red. Each ram was marked twice
daily until January 12th and thence only once daily until
January 20th, by which time all ewes had been slaughtered,
The ewes were yarded and inspected twice daily for signs of
oestrus. A ewe was listed as showing positive signs of
cestrus if she was clearly marked over the rump and tail

region,

L The slaughter and collection of specimens

The five members of each group which were to be
slaughtered were selected at random the day before slaughter,
and kept in a pen that night. Early next morning they
were taken to the local freezing works and were the first sheep to
go along the chain. The ewes were killed in batches of
fifteen, since this was the largest number than could be handled
each day without causing too much inconvenience at the works.

As the ewes went along the chain the head and reproductive
tract of each was removed and labelled. The pituitary gland
of each ewe was then removed as gquickly as possible and
placed in 10 ml. of acetone, All glands were in acetone

within 75 minutes of killing. The ovaries were placed in




TABLE 2
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Experimental groups and treatments

N . Treatment® Date of
Bwe tag numbers Jan 2nd _ Jan 3rd _ Jen Lth  Jen 5th_ Jan 7th__ slaughter
1 Lyd, 101,49, 223.L9, LTh.U9, 100 mg 100 mg 12/1/55
520,49
2 a i 8H, 97H, LOS5.47, 190.48, 91.49 50 mg 50 mg 10/1/55
2 a il 8AG, 12AG, 71H, 132H, 258,49 50 mg 50 mg 18/1/55
2 i 246G, 128H, 126H, 156H, L11.L49 25 mg 25mg 25mg 25 mg 11/1/55
2 b ii K7H, 168H, 8.L8, 169,49, 517.49 25 mg 25 mg 25 mg 25 mg 19/1/55
Q, 51 i 2_@.2}:{9 5?0&3.‘99 2624‘02»!%93 50{%@%99
359.49 25 mg 25 mg 25 mg 25 mg 12/41/55
2 ¢ ii 130, 81,47, 25h.L49, 269.49 )
h2.52 25 mg 25 mg 25 mg 25 mg 20/1/55
3 a i 14AG, 2H, 76H, 83,49, 383,49 25 mg 25 mg 10/1/55
3 8 ii 6AG, 1LH, 133H, 1L9H, 145,50 25 mg 25 mg 18/1/55
30 i LAG, TAG, LOH, 10L.48, 1458.49 124 mg 12% mg 128 mg  12% mg 11/1/55
3 b ii OAG, 15AG, 151H, 1B9H, 160H, 124 mg 124 nmg 124 mg 12% mg 19/1/55
3¢ i 144G, 18H, 62H, 107.L9, 152.51 124 mg 121 mg 124 mg 125 mg 12/1/55
3¢ il BAG, 137H, L39.49, LL6.4LI, 125 mg 124 mg 121 mg 124 mg 20/1/55

L6l 1o

oG o
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Expverimental groups and treatments

2 (cont.)

5 N - : = Date of

Group Ewe tag ngMb@wg Jan 2nd Jan 3rd  Jan bth Jan 5th  Jan 7th slaughter

L a i 130, 115H, 1218, 150H, 329,49 25 mg 25 mg 25 mg 25 mg 800iu 13/1/55

L a ii 1AG, 9H, BEH, 256.L9, 279.49 25 mg 25 mg 25 mg 25 mg 800iu 20/1/55

Lb i 19H, 122, 110,49, 168,49 8001u 13/1/55
280,49

hob ii 3AG, U8H, 56447, 229.49, 8001iu 20/1/55
365,49

a i 13AG, LOH, 88H, 163H, L15.L49 1 mi 1 ml 1 ml 1 ml 11/1/55

5 oa ii 16H, 58H, 136H, 88,19, 521,49 1 ml 1 ml 1 ml 1 ml 19/1/55

57D i 10AG, 56H, 65H, 120H, 11.49 10/1/55

5%b il L, 50H, 109H, 230.49, 356.49 18/1/55

Progesterone

PuS

Arachis oil

{(esg.) divided dose

C

U
o
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10% formalin. The Tollowing sections of the reproductive

tract were slso placed in 10% formelinge

§

approx. =" from the fimbriated end,
mid region,

approx. " from the utero~tubal junction.

Fallopian Tube

i

§

Uterus -  one portion sbout 1" - 2% from the
uteroe tubal junction, from each horn.

Cervix - mid region,

Vaging -  from the roof of the vagina about 1%

from the cervii.
Afler 2L hours the ovaries and sbove sections were transferred

to buffered formalin, the composition of which was as followsi-

Formalin B.P, | 100 mls.
§a2§?§g anhyd. 605 gms.
§332?%&4§nh§§, 305 gmse
(s::z%zgﬁggﬁwﬁ?{& 11,0 gms.)
‘Distilled Water to 1000 mis,.

This mixture has a pH of gbout 6.8 = 7.0,

5e Examination of Ovaries

A1l overies were examined within thres weeks of collection.

They were examined sgain six weeks later by way of a check,

Fach overy was examined for nuwber of follicles and corpora
lutea. The ovary was sectioned vertically at 2mm. intervals
for counbing, All follicles less than 2.5 mm. in diasmeter were
neglected. Follicles of 2.5 = 5,0 mm, diameter were classed
as small; +those of diameter greater than 5 mm. as large. The
diameters of the corpora lutes were measured to the nearest

millimeter,
5a Preparation of sections for histologicsl examination

The sections remsined in the fixing fluid for 10 - 12
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fle Blocking
The technigue for blocking was as followsi=

ie Wash for 2L hours. The specimens were washed in
a special type of grid placed in a Buckner funnel so that the

water completely covered the tissues during the continuocus

washing.
ii. 70% slcohol 22 hours
iii. 85% alcohol 8 hours
ive 95% aleohol L hours
Ve 100% slcochol A 1 hour
vie 100% slcohol B , 1 hour
vii. Alcochol & Benzdine 50:50 1 hour

{The benzine used was a commercisl product, purchased from the

local service station).

viii. Benzgine S houre
ix. Benzine & Paraffin Iy hours The

mizture was 2 paris benzine to 1 part peraffin. The small, flat
bottomed visls into which the specimens  were now placed were kepd
warm by placing on top of the oven.

Xe Paraffin A 1 hour

Xi. Parefiin B i hour For

paraffins A & B the vials were placed in the oven at §?QG.

zii. Block.

be Cutting

The gections were cut to a thickness of & u. At least
50 sections were cut from each block, and of these 56 were
fixed on one slide with egg slbumen. The sections were dried
for Qg,ssufs at room t@&;%?ataﬁe before staining.

%

Co Staining

It was decided to sgtain the sections with %aemaﬁagglia

and eogin.  The ingredients of the hasematoxylin were as



followsse

Haematoxylin 1 gram
Distilled water (warm) 250 ml

Todine (1% in 95% alcohol) 50 ml
SatVurated aguecus Ammonium Alum 700 ml

The ingredients were mixed and brought to the boil, then

cooled, The eosin was dissolved in 95% alcochol. The acid
alcohol used was made by adding 0.2 wl Fitric scid fto 100 ml

70% alcohol,

The staining technigue was ss followsi-

i. Xylol A 10 minutes

ii. ZXylol B rinse 1 minute
iii. Absolute alicohol 2 minutes
ive 90% zlcohol 2 minutes

ve 70% alcchol 2 minutes

vi. 50% alcohol 2 minutes
vii, Distilled water ‘ 2 minutes
viii, Haematoxylin LO-60 minutes
ix, Rinse in tap water few minuvtes

X, 5H0% alcohol 2 minutes

%i. Acid aleohol F=1 minute
xii., Tap water 1 minute
xiii, 70% alcchol 2 minutes
xiv. 95% slcchol 2=5 minutes

¢ xv, Eosin -1 minute

xvi, Rinse in 95% slcohol

xvii. Absolute slcohol 1 minute
xviii., Absolute slechel and Xylol 52501 minute
xix, ZXylol A 2 minutes

xx, Xylol B 5 minutes

xxi. Hount in "Sera" Mounting fluid.

It was possible to stain specimens from 5 sheep only
each day. It was found most convenient to do one sub-group
each time, Care was taken to ensure that the technigue did

not vary from day to daye.
P Examination of sections

The sesctions were exsmined under a binocculsr microscope

uging a direct source of illuminstion. At least Tour sections



of each tissue were available for examination.

S Vagina

The vaginsl sections were examined under low power (x 1L0).
The height of epithelium was measured as accurately as possible,
Each of the four sections on each slide was examined slong its
whole length (sbout 1 mm). An average estimate was then made
of the whole and the gradings made accordingly. The grading

system was as followss=—

Leucocytes 100 or more per field
e 50 -« 100 per field
+ 0 = 50 per field
Crypts 8 Shallow crypts (£ 60 ).
88 Hore than 5 shallow crypts/field.
D ‘ Deep crypts (2 60 4 and up to
00 4 in places).
DD More than 5 deep crypbs/field.,

Definition of

cell membrsnes D Clearly defined in most cells,
I Poorly defined in most cells,
Cell protoplassm G Globular,
B Fibriller,
Fuclei in the
basal cell layer + Plumps,; no crowding.
G Indefinite.
- Crowded.
Vacuolar
degeneration 4 Much
+ Some.
o Hone,
Cornification et liore than 6 layers.
ot 3 « 6 layers
+ 1 - 3 layers
0 None

Height of §§%§@Eia& - measured to the nearest 5 p, between
crypts as far ag possible,



Boe Cervix

The cervical sections were examined under high power
(x 520) and low power (x 140}, The factors taken into

consideration werei-

Size of eplithelial cells,
Position and charscter of the bassl nuclei.
Character of the sub-epithelisl stroma, particularly

the blood vessels,

Co Uterus

The height of the uterine epithelium was examined under
0il immersion (x 8&40)., Three fields were selected as random
on each of the four sections on each slide. One measurement
of the height of the uterus epithelium, between cotyledons, was
taken in each field. The part of the epithelium measured was
actually that nearest the eyeplece scsle when the field was
focussed. Thus 12 meassurements for each sheep were taken. A
preliminary check indicated thaet variation within sheep was
guite small; consequently 12 readings were considered guite
sufficient, The uterine sections were also examined under
a low power dissection microscope (x 8.75) and the normal low

power {x 1L0) and high power (x 520).

de Fallopien tubes (oviducts)

As & result of an sccident during the washing process
a nurmber of portions of the oviducts were mized and nearly
two~thirds of the total was rendered useless from the point
of view of comparisions between groups. The following,

however, were examined under high power (x 520) :=



Sections of fallopian tubes examined

oy wann

P

Wumber of Sheep Ezxamined in esch Group

Grouyp
Figpbriated Mid-tube Uterine The three portions
End End in the same sheep

1 L 3 3 3

2 a (1) 3 - 5 -

2 e (1) 3 - 3 -

2 ¢ (ii) i L L 3

% e {(ii) 5 L 5 Ly

boa (1) 2 L L 2

hoa (1i) b 3 L 3

L b (1) 2 2 2 2

b (11) L 3 L 3

5 (as+d) (1) 1 L 3 1

5(a+p) (11) 5 3 5 3

Total 37 30 Lo 24
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It can be seen that some comparisons are possibles,
but the limitations are very obviocus, In the finbriated
and mid-tube portions 12 measuremenis/sheep were taken of
both the height of epithelium and the width of the stroma;
in the vterine end only the helght of &@itﬁeli&g was

meagured.

8, The assay of the pituitary glands

Qe Preparation of the pituitary glands for assay

The glands were stored in scetone for L months,
the acetone being changed at approximately 3-weekly
intervals. They were then dried in a vacuum desiccator,
trimmed of obvious connective tissue, weighed and ground,
After grinding the glands were stored in an ordinsry
desiccator in a refrigerator until they were asgsayed in

July/August, 1955

The procedure for assaying consisted, essentislly,
of suspending the powder in distilled water and injecting
the suspension into dey-old msle chicks, It was guickly
discovered that the powder in its present form was not
suitable for injection with a small needle (G. 23) because
of pieces of extrancous matiber blocking the needle. Thus
each pituitary gland was reground, put through an 8C-mesh
sieve and then the reguired amount was suspended in
distilled water on the day of the first injection. Care
was taken to ensure that the poorly-wetisble powder went
into suspension uvniformly. During the L~day periocd of

injections the suspension was stored in a refrigerator.



De The assay technigue

Barly trials indicated that 15 mgms of powder per
chick injected intraperitoneally would give an adequate
response in testes weights. It was decided to use 5 bipds
for each pitultary gland and to give the powder in 8 doses
of 0.2 ml suspension {(in distilled water) over a period of
L days, ?h@yehisks were to be killed 2L hours after the
last injection, In order to compare separate batches of
chicks two levels of PMS (15 iu and 30 iu) were to be given
- each week, It was assumed that if each batch of chicks
gave similar responses 0 the levels of PUS errors due fo
differences between batches could be neglected, In the
event of there being differences in responses 16 these
levels from week to week, it was expected that some estimate
of the difference could be d¢btained from a doess-response

trisl carvied out with the same bateh of PSS,

During the week commencing July 26th, groups 2 & and
3 o were assayed. As will be seen from the results, deaths
were heavy and there was considersbly variation in body
weights., It was clear thet the intraperitonesl route was
noet a3 all satisfactory,. It was then decided that
subcutaneous administration should be tried, During the
week commencing Auvgust 2Znd, using a fresh bateh of P¥S
additional dose-response data was cobtained. It was alsc
shown at this time thset 20 mgms of powder gave a more
definite response than 15 mgms, and this level was used
thereafter; furthermore, losses were reduced to a negligible
level and the body weights of the chicks were much more

uniform.
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The remaining 80 pituitary glands were assayed according

to the following planie

Bight injections, each of 0.2 mls of the powder in
suspension, were given t¢ each chicken over a period of four
éayse Five chicks were used for each pituitary; each group
of five being identified by dye markings. The chicks were
killed on the 5th day with ether or coal géﬁ and their body
welghts recorded, Bach pair of testes was immediately
removed and dissected free of extrancous tissue on moistened
blotting paper: excess moisture was then removed by blotting

on dry paper and the ltesites were weighed,

In order to be gure that the injection itselfl was not
affecting the chick, during the week commencing Aﬁgﬂst 9th$
20 chicks were injectéd with distilled water %13ﬁ3¢

Table I indicates the order in which the pituitary glands

woere agsaved.
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TABLE &

The Assay Series

Series Date Treatment// Number of Chickens
1 July 26th  #20 pituitery glands 100
(groups 2 a & 3 a)

#15 iu PUS 5

#3230 iu PUS 5

Control 10

1 a August 2nd 10 iuv PHS 20
15 iu PUS 20

20 iu PUS 20

30 iu P8 20

O iu PUS 20

10 mgms pooled pituibary powder 10

*15 mgms pooled pituitery powder 20

15 mgms pooled pituitary powder 20

20 mgme pooled pituitary powder 10

Control Lo

2 August 9th 20 pituitery glends (2 b & 3 b) 100
15 iu PUs 10

30 iu PUS 10

Control 10

3 August 16th 20 pituitery glands (2 ¢ & 3 ¢) 100
15 iu PUS 10

30 iu PES 10

Coentrol 10

in August 23rd 20 pituitary glands (5 a & 57p) 100
15 iu PHS 10

30 iu PMES 10

Control 10

5 August 30th 20 pituitary glands (b a2 & 4 b) 100
15 iu PUS 10

30 iu PUS 10

Control 10

// Injected subcutaneously in the leg, alternste side.
# Injected intraperitoneally.

Hote: The pooled powder consisted of the remaine of groups

2a agnd 3 a.
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IV  RESULTS
A Manifestetion of Oestrus

The ewes which showed definite signs of cestrus are
listed in Teble 5, together with the date of ocestrus and the

nurber of hours after the last injection.

IABLE 2

The ewes which exhibiited oestrus

Tag Number Group Date of Hours sfter
of ewe oestrus lest injection (epprox)
279. 49 i a &th January 30
9. " It a 9th January Lo
256,49 L a Sth Jenvary 130
329. 149 L a 9th January Lo
55 H L a 9th January 50
1 AG 1 a 11th January g0

It can be seen that 6 ewes of 10 in group L a, which
received 25 mgme progesterone per day for four days followed
50 hours lster by 800 iu PYUS, came into heat 30 - 90 hours

after the PHS injection.

ot one other ewe in the entire experimental flock

exhiblited cestrus,
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B Macrogscopiec Ezxamination of the Ovaries
1e Ovulations

The btobal nurber of ewes which ovulsted is listed in

Table 6.
TABLE <]
The ewes which ovulated
Tag murber Group Hunber of Diameters of
of ewe corpora lutea corpora lutea
in mm®
57.49 2 c i 1 5
50 H 57D ii 2 7,8
115 H L s i 2 8
124 H I a i 1 g
329.L49 L ai 2 8, 8
19 #H Lb i 1 5
122 H L b i 1 7
110. 49 Lb i 2 by 6
168,149 Lb i 2 Ly 7
1 AG I & ii LN 10
9 H L e 4ii 3 10 4, 10 4 15
55 H hoa ii 2 10 ; 10
256, L9 L a i1 2 10 4 10
279. 49 I s ii 2 & 4 10
229,19 L b ii 1 10

2 The dismeters are the approximate mean of
two measurements taken at right angles.

The single corpus lubteum in group 2 ¢ i must be
considered in the same light as the double ovulations in
ewe 50 H in the control group; that is, as & spontaneocus
ovulation. Spontansous cvulations, unsccompanied by heat,
have been observed at the end and the beginning of the

breeding season and even throughout the ancestrous period



)y B

(Grant, 1933 and others).

2, Groups L 2 and L b

The ewes 13 H, 150 H (group L4 &) and L8 H, 280.L9
(group L1 b) are not included in the @bove table because
gither one or boeth o?a?ies of these ewes were lost at

slaughter.

i. HNunber of ewes ovulsting. As a result of the

histological examination of the reproductive tract it

was determined that 13 H and 150 H (group L a) had ovulated
end that L8 H and 280.49 (group & b) had not ovulated.
Conseguently in Teble 7 are included a2ll ewes in both groups.

TABLE I

== e

C%m§§?i$@ﬁ of nunber of ewes cvulating in groups L4 & and L b

Group Totel nurber Hurber of ewes Hurber of ewes which
of ewes which ovulated did not ovulate
I a 10 ~ 10 O
L b 10 6 b
Total 20 16 b

Celeulations based on the method described by Fisher
(1950, page 96) for this type of data indicate that the
treatment applied to group L a gave a significantly grester

response ( p = 0.0L3L) +then that applied to UL b.

ii. Humber of corpora lutes per group. Only ewes in

which both ovaries were recovered st slaughter are included



in Table 8,

TABLE 8

Hiod

Comparison of the total nurber of corpora lutes in groups
L a eand L b

Group Hurber of Totel nunmber of corpora
ewes lutes per group

Ii & 8 15

i D 8 7

The Wull hypothesis in the snslysis of the date in
Teble 8 by chi-square (Snedecor, 1946, page 22) is that
there are no differences between the groups in respect to the
total nunber of corpora lutes produced Der group. The
result was not significant,

2
X = 2,27 for 1 af (p _ 0.15)

In view of the difficulties of snalysing such mesgve
~date as that presented in Tebles 7 and &, and considering
the values for p obtained one cannot eﬁtiﬁéig refute the
suggestion that progesterone sugments PHS under the conditions
of the exveriment. The relstionship between the nunber of
ewes showing ocestrus, the nurber of ewes ovulating and the
totel number of corpora lutea produced, in groups L a and
L by and the possible conseguences from the point of view
of successfully breeding ewes oub-of~-season will be

digcussed later,
Ze The size of the experimenbal corpors lutes

Teble & lists the dismeters of the corpora lutea in
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groups b & and L b. It will be seen from Table 9 thst

the average size does not differ greatly from that of

normal functional c§r§&?a produced during the breeding season
{the figures for the latter were derived from the findings of
Warbritton, 1934: Grant, 193L4; Robinson 1950).  Thus the
11-12 day old corpors were about L mm grester in diameter

than those of L=5 days.

TABLE 9

s M G eawe e

Comparison of normal and experimental corpora lutea

Experimental Hormal

L=5 day 11=12 day =5 day 1i-12 dag
Average 6.0 mm 10.3 mm 6 mm 11 mm
Range lp =& mm E-15mm 5«7 mm 10-1L mm

3o The graafisn follicles

It has been pointed out that follicles less than 2.5 mm
diameter were not included in the follicle count. Table 10
deseribes fully the follicle nurbers in each individusl ovary
which was recovered at slasughter, together with the dismeters
of the large follicles, Table 11 ée%cri%eg the group averages
in which only ewes where baﬁh,ggiiggies were recovered at
slaughter were taken into account. Conseguently any ewe in
which @ither one or both ovaries were lost at slaughter is

not included in this table.
Eo Terge follicles

It can be seen that the number of large follicles
(diameter grester than 5 mm) is remarkebly similer from

group o group, irrespective of treatment or date of



TABLE 10

e e Gee s oo

Small and lasrge follicles = all evwes

Tag Ovary Ovary 2 Dism. of lsrpe follicles-

. 4
Group Fumber L 8 L 8 Gbmm 7=Zmm 9-10mm
1 . by H 2 5 o g 2
101.49 2 1 2 2 ly
223,49 i 2 103 2
b7l 149 1 8 - - 9
520.49 2 5 16 .3
28 i B8 H 1 i O 5 4
97 1 I 3 ,
LOBeli7 3 2 ¢ L 5
15048 2 z - - 2
91.4 3 9 1 10 3 1
2 s ii & AG 1 11 4 7 2
12 Ag 1 1 2 6 3
71 H 1 7 2 41 3
132 H G G 1 10 1
258.49 3 5 G 6 >
2b i 2 AG 1 7 4 5 2
128 H ¢ 40 4 7 ¥
126 H 1 b 2 3 3
156 H 2 2 4 5 2
L1 .49 2 11 1 b 3
2 b ii 5% H 2 L g i1 2
168 H 1 13 o i1 1
8.8 1 5 1 2 2
169,149 2 4G o 17 Z
517.49 3 3 - - 3
2 g i Lo H o 12 2 s 2
5745 2 5 1 6 5
204 .49 2 Ly ( & 5
306,49 1 i1 0 &6 1
359.49 2 11 1L 3
2 ¢ ii 134 H o 43 - -
81.47 2 & 2 13 5
25k, 119 2 9 3 1@ 5
269.49 1 & 1 14 2
L2552 1 6 2 8 3
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TABLE 10 (cont.)
Grour Tag Overy 14 Ovary 2  Dicm, of lerge Tolliicles
Hurber . L g i S B=b TS Ged Omm
Za i 11 AG 4 & O 6 4
2 H O 5 4 6 1
76 B 1 4 1 3 2
83,119 4 15 1 Iy 2
383,49 2 3 - - 2
3 e ii 6 AG G 6 1 6 1
i H 1 8 4 40 2
133 B z 3z 8] 10 2
1o H 2 Iy 2 9 L
145, 50 0 b 1 T 4
3b 1 Iy AG 4 Iy 3 3 L
7 OAG 2 Z 2 G 3 4
L9 H 3 2 4 3 Iy
10l 48 2 2 0 i 2
158,48 1 15 2 5 3
2 h ii 9 AG 0O 10 2 7 2
15 AG 4 10 + 5 2
151 H 2 8 o 18 2
159 ©H o 1l 4 12 4
160 H a g g 12
3¢ i 4k AG 1 5 2 L 3
18 o D 8 2 7 2
62 H g 2 - o
107. 149 4 & 4 5 2
1526 51 G 5 - -
Z2 e il 5 AG Z L 0 3 3
137 H G 7 2 10 2
139,49 3 q2 2 th 5
Lh6.49 o 13 1 13 1
L6l S i M 1 il 2




TABLE 108 (cont.)

L s

Ovary 2 bDiom, Of large 1oiliclet
8§ E=b mm 7=-8mm G-10mm
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11 and large follicles - group averages on & per eve

basis

1 I 2¢7 025

2ai 3 2,7 11,33 |2aii 5 2.t 1.6
2b i 5 2.5 1.6 l2bii L 1.75 18.5
2e¢ i iy 242 .0 2 e ii i 3,75 18.5
3ai L 1e5 11,5 |3 aii 5 2,0 13.L
3b i 5 Jely 8.0 3 b ii 5 ekt 2140
Z e i 3 2633  12.33 (3 ¢ ii 5 2.6 20,2
Lei 3 2433 7.0 {hoaii B 2.2 11.0
i L 1.0 15,0 {Lb i1 L 2,25 23,0
5ai 5 1.6 18,2 |5e i1 4 125 25,0
5b i L4 2,25 10,0 5B i1 L 2,0  19.5
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slaughter, The individual diameters of these large follicles
have also been listed in Table 10, In only & small
proportion of cases were there follicles greater than 6 mm,

Of these only the two 10 mm follicles in group Lt 2 1 and

I b 1 were considered mature,

be Small follicles

The nurbers of small follicles varied from group to
group, but this variation was not sufficient  nmask an
overall difference between dates of slaughter. That this
difference between dates is significant isshown in the

following asnslyses.
i. Analygie of Variance

Dates of slsughter - control ewes (excl. 50 H)

. Bource ag 88 ¥s i
Total 16 75647

Between dates of slaughter 1 250, 7L 250.7h Tolily #
Between sheep 15 505.73 33.72

Note: * Significant at 5% level ( p < 0.05)

Wine control ewes killed on 10th and 11th Jenuary had
significantly fewer ( p < 0.05) small follicles than ewes

killed & days later.
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ii. Analysis of Varisnce

Dates of slsughter - groups 2 and 3 (exel. 56.49)

Source af 8g HS B
Total 59 2161, 67
Between dates of slaughter 1 521.28 521,28 4651 %%
Between sub-groups within

dates 10 315,85 31.58 0.5 WS
Between sheep Lo 1327. 5L 33619

Hote: ** Significant at 1% level ( p < 0.01)
NS Non-gignificant ( p > 0.05)

Thus there was no difference between the several treatments
of groups 2 and 3 either at the first or second killing; there
was, however, a highly significant difference ( p < 0.0%1)

between the dates of slsughter when the groups were combined,

iii. Anslysis of Variance

Datesof slaughter - groups 2, 3 and 5 (excl. 50 H and 56.49)

Source af 58 s B
Total 68 3071 96
Between dates of slaughter 1 72085 724,05 13.93 %=
Between subgroups within

dates Th T27. 57 51.97 1.69 KS
Between sheep 53 1623,34 30,63

The combination of these groups gilves s highly significant
difference ( p < 0.01) between the dates of slaughter, It is,
importent to note also thet within dastes of slaughter the
control ewes do not differ from the treated ewes, in these

groups,.

Reference to Teble 11 indicates that the factor(s)
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causing the incresse in nurmber of swall follicles is
menifested in groups I a and i by, notwithstanding the

implicetions arising from the presence of corpora lutes,

The possible causes of this difference, which will be

discussed lster, arei-

ie That the difference in the controls is Tortultous
and the trested ewes responded to the progesterone by & decresase
in the nurber of small follickss which was evident at the
Piret killing, while the second Eilling would represent the

normal picture at that time of the year.

iie That the treatments were without ocbvious effect
on the ﬁuﬁb@f of small follicles and that the increased nurbers
observed at the second killing were due to either (&) the ewes
being closer to the normel breeding season, or () the
presence of the rams; in either case the effect %%ing a

response to increased pltultery gland asctivity.

It will be seen that there is a further difference between
groups L a8 end L b, Thus group I b contains & least twice as
many small follicles per sheep as group b &, &t each killing.
Thig indicates that the duration of progesterone levels in

the bilood must be taken into asccount in the discussion.

C.. Histologicel Changes in the Reproductive Tract

1., Fallopian tubes (oviducts)
B, Controls

ie. Hedght of epithelium and width of stroma. An

examination of the date on the control ewes gives an indication

of the oviduet epithelium during the anocestrous period.
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Tebles 12, 13 and 1l include the informestion on the height of
the epithelium in the three portions, fimbriated end (fimbria),
amgulig 15 Phoaiet

mid=tube (isthrus) and uterine end (esmpulds), togeter with the

width of the stroma in the upper itwo regions.

While the height of the epithelium in the firbriated and
mid-tube portions aprears 10 be similasr, the ulerine end of the
oviduct has significantly shorter epitheliuvme (This may be
compared with the eversage height of the uterine epithelium

which was 13.3 Y o)
Anslysis of Variance

Height of epithelium - ubterine portion and finbriasted end
- controls

Source ar 88 NS ¥
Total 167 999.9
Between groups 1 246,06 216,06 G li7 =
Sheep within groups 12 oo 48 33e37 13.4 %
Within sheep 154 383,36 2,149
The following analysis indicates that the stroma in the
finbriated portion is significently wider than in the mide-
tube.
Analysis of Variance
Width of stfoma - Tirbriated end and mid-tube - controls
Scurce ar 88 M8 ¥
Total 155 T7he 116
Between groups 1 1l 20 i, 2 £.23 %
Sheep within groups 11 251, Bl 23,1k 8.8 ==

Within sheep 143 375.72 2,63
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TABLE 12

Group means and standard deviations of measurements of the
Fallopian tube - finbristed porition

Group Wurber of Epithelium Stroms
eves in M in a4
1 L 21,0 § 2,15 1241 § 2.69
2 & fL 3 ‘%90? ,!"Z 3053 %52 :;‘ ?e??
2 ¢ i 3 §§52 bt 205% ‘?{}e}«% ; 2635
2 ¢ ii Iy 18.8 § 3.7 8.6 £ 1,32
3¢ ii 5 2503 T 533 7.7 F 2,03
hai 2. 20.0 :véaﬁg 11,0 < 11,0
}"‘E' & ii Eéo 19&5 ;‘ 15%5 ?e§ ; Ee‘ig
i%- }3 i 2 23%§ ; geié’? 995 :; '?ef:}?
§ 6 ?%G{} - 26%% ga:ﬁ - 26‘%

sy wems  Gess  nuen ks

Group mesns and standard devistions of measurements of the
fallopian tube - mid-tube portion

Group Hurber of Epithelium Stroma
swes in ;‘U" in A
4 3 20,9 £ 4,76 6o % 1.9
2 ¢ ii i 211, 9 § 3,52 6.1 % 2.2
3 e ii I 2he7 T 5059 5.5 T 2.21
Lai L 23,9 L 3,01 5.7 & 1,78
s id 3 22,2 £ 3,85 .5 % 1,7
Lb i o 28,0 £ 2,55 5.1 % 4,2
5 7 20,5 £ 1,08 Gt 1,96

TABLE ik

e mem G eowe e

Group means and standard deviastions of measurements of the
fallopian tube - ubterine portion

Group Hunber of Epithelium
ewes in A
1 3 19.6 T 1,44
2 ai 3 18.9 = 2,85
2 ¢ i 3 15,9 £ 1.3
3¢ i I 16.3 = 1,45
2 e ii in ige% T 2.7
3¢ ii 5 16,1 T Lol
L a1 I 22,8 = 3.7
Loa ii It 20.0 ¥ 3.31
3»? b i. 2 27@{3 - 395
L b ii 3 17.5 = 2,13
5 8 16.7 = 184
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ii. Descerivpbion. While the height of the epithelium was
fairly reg&igr ﬁhe nature of the epithelisl and stroms cells
in the firbris and §;§§§;§ was not very eassy to defline. In
the uterine end,; where the villi were reduced to slight folds,
the epithelial cells were similar in shepe and sige and
hence presented s very uniform, clearly defined columner type
of epithelium. The complexity of the folds, however, increased
markedly in the upper portions of the tube, but in many cases

the villi so formed were of shrunken appearance and did not

occeuby & very lasvge smount of the lumen.

The cell cutlines were not easily discernible,
particularly the free ends from which there were eytoplasmic
and nuclear extrusions, which at times were guite extensive.
The nuclel varied from darkly staining, elongeted and shrunken
to more plump and lighter stained, the latter being in the

minority.

Cilia were not generally obvious.
Ts Comparison of controls with other groups

Uterine portion of the oviduct. It can be seen

that the ewss examined in groups L a i, Iz & ii, and 4 b 1, (all
of which had ovulated) and in group 1 (which had received the
highest level of progesterone) had higher epithelium than the
conbtrols, It is to be noted thet the 3 ewes exgmined in group

L b 4i had not ovulasted.

iil. Mid—-tube and firbristed portion of oviduct. There

appears Lo have been some increage in height of epithelium in
some groups, but the increase in varigbility between sheep
in the same groups renders the interpretstion of the datas in

Tebles 12, 13 and 1L very difficult. This apparently marked
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increase in varisbility may be due t0o the tresiments or it may
be a result of the small nunbers examined in sll groups except

the controls,

2 Uterus
fe Hessurement of intercoityledonary uterine epithelium

Listed in Table 15 are the group averages and standard
deviations of the nmessurements of the height of the intercotyledonary
uterine epithelium, An examination of the dats which is

summarised in the table led to the following resulis.

ie The sverage height of epithelium of all control
ewes was @5,2%;; and there was no difference between the dates of
slaughter, i% will be noted however, that there was a highly
significent difference between sheebd. This variation between
sheep is charascteristic of 21l groups and seccounis to some eRtent

for the relatively large group standard deviations.

A fTurther point is that the variation within sghesp is

relatively small: +this is characteristic of 8ll groups.

Anslysis of Variance

Dates of slaughter - controls (exel. 50 H)

Source ar ss us B
Total 203 1055.,23

Between dates of slaughter 1 2035 2435 0,07 NS
Between sheep within dates 15 507.96 33,86 14,6l ==
Within sheep 187 Bl 92 291

ii. A1l groups had higher epithelium than the controls

at the first killing. For exsmple we include here the comparison



Height of vuterine epithelium

T

onx

ABLE 15

Qi s e mm

First slaughder date (i)

Second slaughter date  (ii)

.
w0
o

moup Wumber of Helght of epithelium Nunber of Height of epithelium and
ewes examined and 8. D. im;} ewes examined 8. D. im/A
4 5 21.5 £ 1,17
2 8 5 23,8 £ 1,3 2 M7 % 2,65
2 Db 5 26.1 £ .45 5 17.4 L 3,46
2 e It 22.6 & 1,57 5 1.0 % 1,8
3 5 22,8 £ 3,35 5 o7 * 2,17
3 Db 5 22,3 £ 5,07 5 1.5 & 2.4
3 e 5 18.6 ¥ 2,48 5 1.9 L 3,71
L oa L 2119 T 1, 9L 5 25,3 L 3,44
hob 5 29,6 * 3,27 I 16,2 £ 1.87
5 a L 13, % 2,3 N 1.0 £ 2,15
5 b 5 13.3 £ 2,45 I 12,3 L 1.9
57.49 (2 ¢ 1)  19.5 % 3.2
229.49 (kb 41) 30.9 % 3,13 w
50H (5 ii) 27.1 % 2.2 pv
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between group 3 ¢ 1 and the conbrols.

Analysis of Varliance

Comparison of group 3 ¢ i and the controls (5 a2 3+ and 5 b 1 combined)

ar 58 s ¥

Source

Total 167 2010.85

Between groups 4 965,19 965,19 22,0l %%
Between sheep within groups 12 520.7h 43,39 12,72 %=
Within sheep 15l 52k, 92 341

iii. All the ewes which hed corpors lutea alt the tine

of the second killing (group L & ii, plus 229.49 and 50 H) hed

uterine epithelium epproximately twice as high as the control ewes.

The follbwing analysis of variance shows that sll other ewes at

the second killing had significently higher epithelium (p< 0.05)

than the controls.

Analysis of Variance

Comparison of groups 2 a,; 2 by
and the controls

2 e 38, 3bs 3¢5 It b (cormbined)
at the second killing

Source

af S8 Ms F

Total

Between groups

Between sheep within groups
Within sheep

L67 3837.72
1 3he12 3112 5,98 =

37 19431 52,52 - 11,27 #=
1429 1580. 5 3,68 ,,
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iv, 'There wes a2 highly significant difference {p <0.01)

between the two dates of slasughter in groups 2 8, 2 by 2 ¢ 3 8s

3D, 36, b b (Gonbined.)

Analysis of Varisnce

§

DPates of sleughter - §4%@%% 2a; 2bs 2 ey 3 8,
orbined)

Source ar 88 us F
total 659  25118.1

Between dates of slaughter 1 A4490.3 hile3 109,03 ==
Between sheep within dates 53 7007.37 432,21 21,64 #*
%i@%ig %%i%@%«“ %g ;%%?%&égz {f?g ’§*§

Be General description of ulerine sections

The following is & genersl description

of the control eves a8 exanined under

the ducis wers

, was regular and

o - o o % o QP
The ghbroms pongisted of densely

rge £8lls containing plgrent meinly
in the sub-spithelial region and in the very dense stroms of the

cotyledons. Fumerous 1y

whoeytes were present and were nost

frequent near the bagsl lsyers of ndular and surface

epithelium, The uterine glands under low y%@ay were seen 1o be
shrunken and their basal nuclei were small, miuﬁgaﬁ@% and crowded.

The numerocus blocd vessels contalned few red blood eells,

fpls

ndicating, wresumally, & ischenmlc condition.
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The epithelium of the cotyledons appeared to be
indistinguisable from that of the surface intercoityledonary
epithelium,. The surface epithelium was almost cuboidal and the
crowded nuclel occupied pracitically the entire cell,

s

ii. Group L g ii. The uteri of this group represent the
extreme in trested animals, These ewes had ovulated and the
corpors lutea &éﬁ been wesent and presumebly active for at least
10 days. The most striking differences were branching and
folding of the intercotyledonary eplthelium, greatly increased
glandular development, cedemaltous stroma and higher glandular and

surface epithelium,

The surface and glandular columpar epithelium was
characterised by a marked increasse in the eell dismelers as well
as the increase in height. The nuclel were plump and situated
near the basal merbrane and occupled sprroximately one hall to
one third of the cell., The glandular epithelium was similar tc the
uvherine 8§it%é1ium and the great increase in size in meny cases
led to the lumen of the glands being largely £illed by the

zell extremities,

Tot only was the stroma cedematous, as Judged by the
greatly reduced nurber of nuclei per field, butthe blood vessels
were guite often engorged with red blood cells. An interesting
point is that the nurber of leucocyies (mainly lymphoeyvtes) seemed

to heve decreased, in some cases quite markedly,

iii, The intermediate stage was characteristic of the
groups which received various levels of progesterone alone.
The important cobservation made with respect to the various levels

of progesterone trestments is that of a uniform response, as
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judged 6 days after the lasst injection, to the progesterone,

irrespective of the dosage.

3e Cerviz

It has been nobted that the only sitaining fechnigue used
was the heematoxylin and ecsin combination. It is generally
considered wise 10 use a mucin stain, such as muci-carmine, for
cervicd sections, in view of the well recognised mucus secreting
action of the epithelium, In this study, however, this was
not done and conseguently the results are limited. Hevertheless

it will be seen that & reassonsbly clear picture may be presented,
8, Control ewes

Theraswre no chvious differences between the twoe dstes

of slaughter.

ie Evithelium. The epithelium lining the villi was
of a psuedostratified columnar type of aversge height 18 - Qﬁ/ie
The nuclel, which were elongated, occupied the grester portion

of the cells,

ii. Stroms. The connective dissue of the stroma
contained few leucocytes and the nuclei of the cells were
generally shrunken. The bloocd vessels appeared to be free

of red blood cells.

iii. Bage of cryvits. The bulbous invaginstion at the
base of the crypis was lined by two or three layers of cells,
in which storsge of mucus was aprarently taking place.

be Group L a ii.

guite marked chenges had taken place in the sections

examined from this group. The average height of the epithelium
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lining the villi was 25/%§ but varistion was considershle,
The basel nuclei had g?éaiiy inereased in nurbers and the
epitidium presented a gémgéésiyﬁﬁifieé arpearence, A few
surface cells were distended. The villl hed become somewhab

wider and flabtensd as 8 result of cedems,

The stromel nuclel were rounded and the hlood vessels
contained many red blood cells. There were & few lymphocyies

vresent.

The bese of the crypts had taken on a glasndular
appearance; the cells were distended and the nuclei were

preased against the basal membrane.

c. Group L 2 i

The average height of the epithelium was 23 - 25 M.
The nuclei were plump and occupied the bassl half of tﬁé
cells, The egiéﬁeli@%ﬁgen&%aziy simple columnar and the
portions of the cells not occupied by nuclel contained
fibrillar cytoplasm. The cells were not obviously distended

and erowding was negligible.

A large proportion of the stromal nuclei were rounded
and there were more lymphocytes geen in this group than any

other. The bleood vessels were engorged,

The bhase of the crypts was of a complex glandulsy

character and the cells were very distended.
de Other groups

The groups which recelved the lower levels of progesterone

(2 ¢ and 3 ¢), showed slight differences at the first killing.
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These changes consisted of distension of blood vessels and the

%

nuelei of the epithelium, the cells of which were slightly

larger, were rounded..

The other groups at the first Xilling had higher
epithelis containing rounded nuclel as well a3 incressed

vascularity of the gtroma, in vhich in sorme cases the nueclei

were larger,

A1l the sheeyp at the second dete of slaughter, except

£ % e 5L e B s > - | s s P wems s
those vwhich contained corpo

w

although there was cccasionally s grester smount of estrafification

The effect of & corpus lutews on the villi was well

r s % £ LD . ", o =
No. 57.49 {(group 2 ¢ 1i}. This ewe had ovulated

vl Srie s
aﬁ%;%% Yaaio

3-8 daye prior to killing.

large cells contained plump nuclei, The gtromal nuclei were

sted. 1% should

be pointed out that the epithelial cells were not distended
being merely regular hipgh columnar epithelium.

fe« CGeneral

%

The examination of the cervix suggests thet the following

8 pasult of the trestrevnts,

Az 8 conseguence of incressed blood supnly there has

me of the stroma.

the epitheliuvm and an ced

> have responded by & change in size and
shepe of the nuclei which has caused them to £ill the eell,
followed by en inerease in height end width and the development

ef g fibvrillay cytopliaanm, Thie syrears $o have tsken place
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over a period of about 8 days under the influence of
progeeterone. The effect of the cell enlargement and the
formation of the uniform high columnar epithelium has been to
cause an increase in folding of the epithelium lining the

villi. The stromal nuclei have become rounded and definitely
stain more clearly. The oedema of the stroma is gquite marked
and the number of lymphocytes is greatest, as is the development
of the base of the crypts at the end of this period.

The next stage probably includes secretion and storage,
but there were no sheep killed for a further 8 days. What
is probably the third stage, however - that of regression to
the anoestrous state - is apparently seen in the ewes of group
4y 2 11, The villi had become less well defined and in some
cases the stromal nuclei had become shrunken, The most striking
change was that of the epithelium, whieh, though still fairly
high, had taken on a psuedostratified appearance. The presence
of occasional distended cells in the epithelium lining the villi

is taken as evidence of a previous secretory phase.

e Vagina

In Table 16 are presented the data concerning the vaginas
in the control groups — 5 a and 5 b. Table 17 contains the
findingsin groups 4 & and !} b, whilst Teble 18 comprises the
remainder, It is intended that a full description be given
of the picture as represented by the control ewes and that this
will serve as a basis for comparisén between all groups. »

8. Detailed study of the results in Table 16

The most striking feature in the ancestrous ewe is the
varigbility between most sheep, in the majority of characteristiecs

examined. There was also noticed a considerable lack of



TABLE 16

[re-tgpet-p e -1

Voginal chsracteristics < control eves

5F Height of
@ o B S
3 9 2 . E - Epithelium
% Ll S 68 G MO @
2 o S EYEER~T B O 2
g o & H OO O S DO e % 2
5 2 8 EB.5RLESZe R ¢ F
& & 3 O Sog DO 48 o O <5 =
; o~ |
5 a i 12 AG ++ D88 D G O 4 4 100 TO-120
LO H e 8 D G + ot G Lo 25T
&8 H e g D G + O O 115 T0=150
163 H ++ DS D g + O + 60 35=85
B15.49 44+ DDSS D=I GF O O O 50 25=F0
58 ii 16 H +4+ DDES D=l GF 4 4 G 60 35-T70
58 H + Hone 1 B O 44+ O 30 25=35
136 H S 151 b G o + O 50 2550
88,49 + DSS D G + o+ 4 50 25=70
5 %b-i 56 H + 88 D-I ¥ o+ + ¢ 140 35=60
65 H +4+ 088 D=1 GF O “+ + 70 BU=120
120 H + b8 D=1 ¥ 0O + O L0 25=50
11.49  + None I FOoO +++ O 85  60~-1L40
5 b ii L B +4+ DB D & + + § 8¢ 50-120
50 H ++ DDSS D G © + + 60 50«85
109 H ++4 DDBS D G + + + 35 25-50
23049 44+ DD I3 G + O O 75 5(=05
356,49 ++ DS D GF o+ +4 + 60 50-95




TABLE 11

Vaginal charscteristics - group L

g ‘§ Height of
§ § - E RE § Epithelium
> PSS O ® M o ©

o ® » ReRTA~T B8 A o o
5 o ¥ REROERR A8 § -4 &
3 a S 8 R8E 8322 28 8§ E/W A‘&/A
4o 1115 H +% S D-I GF O +4 0 30 20-35
121 H ++ DDSS D=-I GF O 44 + 55 35=70
150 H ++ DDSS D=-I GF (O- ++ ++ 80 35=120
329.49 ++ DSS D-1 GF O=- ++ +++ 60 35=140
L 8 i1 1 AG +++ DDSS D @G O+ + + 50 20-80
9H ++ D8 D-I GF o ++ O 50  35-80
55 B ++ DS D 26 O + 0O 55 20~75
256,49 ++ DDSS D G 0 + 0 50 30-80
4 b1 19 H +++ DDSS D-I GF + + + 50 35=95
122 H  +++ 88 I F Q- +4 + 50 35=60
110.49 +++ DDSS D-I GF O ++ + 20 45-120
168.49 ++ DDSS D=I GF O- 4 ++ 120 85=-140

280,49 +++ DSS D-I GF O ++ ++ 80 35=120

4 b ii 3 AG ++ DSS D~-I GF O+ + + 60 A5=95
L8 H +++ DSS D=1 GF O+ + 0 50 35=60
56,47 ++ DDSS D-I @& O+ + + 60 20=-95
229,49 ++ DDSS D-I @F O+ + % 5 70-140
385,49 ++ DS DiI GE O+ + 0 45 20-50




Veginsl chsrscieristics - grouns L, 2.

[ e e

18

= B Height of
2 £ . o a4 F Epithelium
£ _ExSks _BE 5 o
o S 2EEEdi.dl § &
S o 5 EgSeogfeTisy B o§ %
= 2 & 53wizbazes 8 oz &
1 W H ++ S8 D G + O @ 60  35=80
101.49 ++ DDSS D & G O o F4e 50-45
223.49 4+ Hone I OO s 0 650 35=95
L7heli9 +4++ D D (e S 0 55 35=70
520,149 ++4 Hone D G + + G 50 35«70
28 i 8 H +4 S D~I GF + + O 85 60=-120
97 H +++ 88 D=I GF © «+ o 50 35-70
190,48 +++ DS D=-I GF + + o 70 50=95
LO5.47  ++ DS D=-I @B O + O 85 650~130
2 a ii 12 AG ++ DDSS D G 0 Lo 20~9L;
1%2 4 ++ 5 D G + + G 35 20=50
2b i 2 AG 4+ DDSS D GF 4 + 4 35 2060
126 H +4 DDSS D F + + o &0 A5-70
156 H 44+ DS b G % + 9 LO 20=60
BlleliS 44+ D b & 4 + c 70 50=-105
2 b i1 168E ++ DS D G s + G 50 A5=70
169,49 ++ DDSS D=-I @ + + O L5 20-85
517.49 4+ Hone D-I GF O ot G 35 2055
G.48 + DS b=-I G G + O &0 35=80
2 ¢i L2 H ++ DS D G + o s 60 20=35
5749 4+ § D G o+ o+ o 70 50=95
2048 ++ DDSS D G G + O 30 20=50
306,49 ++ 88 D 2] + + + 60 20-55
359.49 4+ 58 D GF O + 9] 25 20=50
2 ¢ 1i13LHE 4+ 8 D=I GF 0O 4+ o 50 35=70
8l.447 ++ DDSS D G + + 0 70 50=95
2,52 + None I B G ++ G 35 20~50
2549 + 8 D G + + o3 70 50=85
26949 ++ S I b3 9] b 0 L0 2050




Veginal cherscteristics - group: 3

ABLE

Setessacnny .

18 (cont.)

= :
5 8 Height of
@ ) wd 43
2 S 2 B o 8 Epithelium
5 2 23598 o488 § 9
o Q B OB SO O e @ ©
5 o o £gSeSoedés B B
5 & & & 8yfgbggey § 2. 0§,
38 i 11 AG +++ DS D=I GF ©C + O 65 35=95
2 " +4 D88 D=1 GF «+ + ¢ Lo 20-=70
7 H ++ DS D-I GF O 4+ G 55 3570
83.49 44+ 88 D=1 0¥ O + O 85 50=-120
3836149 44+ DES D & o+ o+ G Lo 20-85
38 i1 6 AG 4+ DE D G o + 9] 55 35=T0
1 " ++ DDES D-I & .2 + G 55 35-76
133 H ++ Tone I ¥ O + O 30 2050
W9 H  ++ DS D=I GF + & o Lo 20~70
145,50 ++ DSSD G o+ o+ o 65 3580
3 i L AG +++ D8 D-I GF O «+ + L5 20=60
7T AG  ++ 88 D GF O 4 O L5 20=70
L9 H ++ DS D ¢ + o+ o 60 35=85
IO 48 4+ S D ¢ o+ o+ 0 50 20-70
L58.148  ++ D8 D~I G + 4 C 30 20-35
2D ii 9 AG o+ 88 D=1 @ + + O 55 35«70
150 H 4+ 5 I B o 4 o 35 20=50
159 H +4  DDBS D GF O G 70 50=95
160 H  ++ 8§ D=I GF 0 =+ o 30 2050
3¢i 14 AG ++ DS D G + o L5 20-70
i8 H +¢+  DDSS D G + % & Lo 20=-50
62 H 4+ DS D=-I GF O 44 o 55 20-85
107.49 4+ Ds D & O + O Lo 25=-60
152.51 ++ DDSS D G + 4+ o 60 25=70
3¢il 5 AG ++ DDSS D G + + ] 30 20=50
137 H +4+ Hone 1 F G ot G 25 2035
L39.49 ++ 8 D-I @F O O LO 20-60
W6 149  ++ DDSS D-I GF O 0 60 35=70
Lel.uS ++ DDSS D ¢ 0 + 60 35=70
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uniformity within sheep, thereby leading to extreme difficulty
in meking a grading, Thus in 415,49 the cell membranes were
easily seen in sgome fields and in others were guite indistinct
asgain in S0H there was & great variastion in the nature of the
nuclei in the basal layer - in some fields there were clearly
defined, plump nuclei and in cothers there was & certain

emount of crowding resuliing in poorly-steined, elongebed

maclel,

ie Leucoeytes., The majority of sections contained L0O-
60 leucoeytes per field; the exceptions, which contained gbout
one hundred cells, were L15.19, 230,49 and 109 H, They
consisted, in the main, of polymorvhs {(polymorphonuclear
neutrophilic Ee&c@cg%&g} and were situated in the stroms just
beneath the basal layer with g few 0dd ones scattered amongst

the basal cells. {Ffig. 10).

ii. GCrypts. For the purpose of this psper the term
crypts is used to describe the epithelial invaginstions between
stromal papillse. Thus cerypts are synonymous with epithelial

vapillae (Grant, 193L) and epithelial buds (Casida & lcKenzie,

=

932; Bell eb gl., 1941 8). To crypbs were seen in 58 H
(fig. 11) and 11,49, while 109 H (fig. 10) represents the other
extreme, where both shallow and deep crypts were cbserved in
large numbers - 80 much so that a measure of the height of the
epithelium between crypts was most difficult. Judging fom
the results, the presence or agbsence of crypbs and the nature

of these c¢rypbs is g purely individusl characteristic.

1ii, Definition of epithelial cell membranes. The cell

merbranes were fairly distinet in the majority of ewes.  There
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was, however, some variastion within sheep, which is indicated by

the D = I grading.

ive. HNature of the cellular cytoplasm. It was only possible
t0 deteet extreme differences with certainty. There was no
great variation within sheep, conseguently the GF gradings are to
be interpreted as indiecating doubt, and not varisbility within
sheep. It will be seen that a GF or F grading is invarisbly

associatéd with a D - I or I grading,.

Ve Huclel in the basal laver. There were considerable

differences between sheep and within sheep in the degree of
crowding end hence clarity of the basal nuclei. The O clagsifica-
tion means that a few fields showed poorly defined basal nuclei.
Generally, crowding and conseguent poor definition as d&istinct
from the plump, clearly seen nuclel, was more common in the

deeper portions of the crypts.

iv. Yscuolar degeneration of epithelisl cell cytoplasm,

In marked cases of vacucle formation in the epithelial layers
the nucleil were guite appreciably shrunken, It is noteworthy
that the varistion within sheep in this charscteristic was smell;
however, as can be seen, variation belween sheep was exbensive.

Ewes 58 H and 11.L49 each showed zn unusually high degree of

vacuclar degenersation. This was sccompsenied by indifinite cell

menbranes and markedly Tibrillar cytoplasm,

vil. Qornified epithelisl cells.  Where present,

cornification was very slight, affecting ususlly only one or two

of the outer cell layers.
that cornification refers to the presence of Tlattened kerstinised

cells with or without nuclei, The most ususal type of cell in



defined cell

# : % o
plomp nuclei;

dral oubter layver of

ure 1l.
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the cuter lavers of the eplthelium was a polyhedral cell
containing 2 clearly staining nucleus, Some sections of the
epithelium in 2ll control ewes showed this undifferentiated type
of apithelium. The iﬁ%@f@ééﬁ%ﬁé stage,; which was characterised
by the cells in the cuter layers heving lost their polyhedrsl
shape and thelr nuclel showing various stages of decomposition,

was not uneormon

viii. Helght of epithelium., The variation within sheep

was very marked. Hevertheless it was noted that some individusls
gppeared to possess a relotively thin epithelium while others

were relatively thick.

The genersl @ist&%@lafigigg from an examination of the
control group of ewes was as follows. The nurber of leucocytes
varied Ffrom sbout L0 to 120 per field, and the nurbers and sizes
of the crypis were not at all constent, While the epithelial
cell mermbranes were generally clearly defined and the cytoplasm
mainly glebular, there was some evidence of vacuolar degeneration
in a1l ceses. The basal nuclei were predominately plump and
clear. In some ewes there was a slight amount of cornification,
but desguamstion was not obvious: it was most common to find
the epitheliup, the helight of which averaged 6§;ﬂ—witﬁ 8 range
of 25 = 190 ¢~ , composed of fairly regular cell layers, the

Y,
cubter one of which was ef polyvhedral cells with well-defined

nuclei.

Be Comparison of treated ewes with controls

¥irst slaughter

® O s el wer oL ugocyve e i 18
i Croun 1 e nunbeyr of leucocyibes appeared to have

inereased slightly and cornification was completely absent; also
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the fact that only one sheep (101.48) showed any marked number

of crypts may be significant,.

ii., Groups 2 a, 2 b, 2 c. 3 8, 3 b, 3 c. Because of the

differences between individuals it was impossible to decide whether

any characteristics were consistently different from the controls.

iii. Group L a. The amount of cornification varied from
nene to very marked. The four ewes in this group presented
a considerable amount of vacuolsr degeneration as well as poorly-
defined bassl nuclei which were in many cases deflinitely crowded.
The grading of cell menbranes snd cell cytoplasm was difficult to
determine becsuse of its intermediate type. The nuwber of

levcocytes, 1f snything, were less per field than the controls.

ive Group L b. This group gave a felrly uniform picture
charscterised by more leucocytes, many crypis, ill-defined bhassl
nuclel with correspondingly poorly~defined cell merbranes and
fibrillar cytoplasm, numercus vacuolated cells and varisble

amounts of corpnification,

Second sliaughter
There were no consistent differences between any of the
groups and the controls,
D, Examination of the Pitultary Glands
1e Weighte of the dried glands

The weights of the scetone dried pituitary glands varied
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2500,

dafined b
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from 159 mgms (306.49) to L97 mgms (136 H) with an average of
27l mgme, These figures, however, include esgstimated losses
of 10 to 100 mgms per pitulitary which occurred when the glands
were later reground and passed through sn 80-mesh sdeve.
Unfortunstely the powder was not welghed after this second
grinding snd conseguently it can only be steted that the finsl
dried powder weights ranged from approximastely 120 mgms to

LOO mgms,

Whereas the majority of the pituitary glands were
composed of 4 fine white powder which essily passed through
the sieve, a few, G.ge 2 AG, Li11.149, 7 AG, yielded a gritty,s
reddish brown substance. This was particularly difficult to

keep in suspension and was not easy to inject.

2o Study of the control chicks

’ During the 6 weeks, July 26th to August 30th, a total
of 8l eontrol chicks were examined. The average for all
chick testes weights was 1.5 mgms (Teble 19). There was
great variation within series (8.D. L.12 mgms), as indicated
in the snalysgis of variance sccompanying Teble 19, Géupled
with this large variation the sighificant difference between
series indicates & source of error in the biclogical materisl
which may be expected tc have a profound influence on the

interpretation of the resulis.
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TABLE 19

rxia

Testes weights ~ control ehicks

Series e} 2 =
4 9 12,60 B
() 35 16,21 he 58
2 1G 12623 3.01
3 10 13,03 .27
R 10 111,69 3,26
5 1 13,76 piveeiis
i’é}ﬁ‘éﬁ. o gj.%. 'i }%«a 5 : ) z:i%a 3‘2
whers n o is the nurber of chicks
X is the measn
8 is the stendsrd devistion within series

Anglysis of Variance

Sourece , ; ar 88 us ¥
Total 83 1539, 35

Between series 5 211.8 112,36 2.149 #
Within series 78 13827, 55 1702

It was not possible tc do more than mske 2 cursory check
on the varisbhillity of the chicks at the beginning of the
injections,. On Monday, August 15th, 13 chicks were killed.
The testes weights averaged 7.28 mgms (standard deviation 1,63 mgms
The control chicks of the same batch (Series 3 - Table 19) had
an average testes weight, 6 days later, of 13,03 mgms 8. D.
1. 27 mgms). The effect of this apparently lasrge increase in
variance on the relisbility of the chick assay will be

discussed later.

3s Distilled water injections

The injection of distilled water alone into 20 chicks

did not appear to have szny effect on testes weighte. This
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can be seen in Table 20, where these are compared with the

contrbls of the same bateh {Series 2).

TABLE 20

s weny  Say  emes e

Effect of distilled water injections on itestes weights

- ) Nunber Testes
freatment of chicks welohts me
Distilled water 2 nml .

in 8 injections 19 1296 = 2,63
Control -~ Series 2 10 12,23 £ 1.0

Le Comparison of intraperitoneal (I/P) and subcubaneous (S/C)
routes of administradion

Reference to Teble 23 indicates that the Series 1
¢hicks suffered high mortality. In Series 1a there was
included a comparison of I/P and S/C injections using pooled
pituitary powder, left over from the Series 1 injections.

These resulis are presented below in Teble 21,

TABLE 21

Comparison of I/P and §/C asdministration of pooled
rituitary powder ~ Series ia

e iy
- \ Number of Body estes
Treatment chicks welght gn weight nmg

Aug.2nd  Aug.bih

15 mg pituitsry

powder, I/P 20 15 BlL,7 = L.2h 12,12 % 2.4
15 mg pituitary + +
?(’5?5@81“ & S/{j 2@ 2{} {3;‘%@ é b éa 242 “1 ?g {}2 bt §o’ 56
Control ‘ 35 35 60,2 = 5,65 16,21 T L.58

Tt can be seen that the effects of the

intraperitonesl route weres-
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i. 255 mortality

iis decressge iﬁ‘%&ﬁ? e .
iii. decresse in testes wel
iv, decresse in vapisnce in e %ﬁ

B¢ Effect of PUS injections on testes weighis

I% is spparent from the data presented in Tseble

22 thet all levels of

8 greater than iu per chick

caused an increase in testes welghtss It con be seen,

o

however, that coincident with an increase in reaponse

there wag an incresse in varisrnce. The dste were tested for
homogeneity of varience by Bartlett's Test for unegusl
sub-cless yurbers { Snedecor, page 251),

5

XS = 14.3 for L af was signiticant (v

3

L

S
-

Chick testes weight response tv PHS - Series 1a

Amount of Herber Body . Testes .
per chick chicks weight (gm) weight (mg)
7 sl % £ i 2y
. ol %" /”:‘k
10 1o 18 59 15:19 = 3.04L
- & T = sy £ “%‘ s
15 iu 20 60 20,78 = [1,68
N ~ + .
20 iu 20 60 21.89 =~ 5,L5
o "
30 iu 20 59 24,19 = 6,68
L e ,
O iu 20 6l 29.36 = 6.1l
‘ . , ~ + 5 .
Control 35 60 16.21 = 11,58

The log transformation wes tried and found o b

en effeetive method for transforming the dsta, Thus, by
Bartlett's test for homogeneity of varisnce
b 7 not
W T m 4,67 for L ar W&§\§i€ﬁ§§z§a

i 2{ o @M&é

The regression of log-testes weight on log-dose

was found $0 be highly significant ( b = C.L157 ).



According to the requirements described by Ermens {(1950)

this dose-renpon“ line is satisfactory for guantitative may.
It is lincar over a sufficient renge, the vnriancea are
ginilar and it is relatively steep in relation té the
variance.

It will be observed that it is unnecessary to correet
for body weight differences, This situation alsc holds
for the results of the assaye of the pituitary glands
for gonadotrophins,

6, Results of assays of the pituitary glands for
gonadotrophins

The 100 pituitary glands of ewes from groups
2y 3, 4 and 5 were assayed in five series and & summary of
the results are presented in Table 23. Also listed in
the table are the results of two levels of PMS (15 iu and
30 1u ) for each series as well as the results of the
control chicke, | |

The glends of groups2 a and 3 a ( Series 1) were
assayed using the I/P method. It can be aeﬁp that the dose
levels ( 15 mgms/chick] snd the route of injection
corbined to give results vhich were most unsatisfactory.
The death losses smounted to half the chicks and the testes
weights of the remainder did not differ from the controls,

It will be observed that in Series 2 there was
no difference between the four sub-groups. In Series 3
there was again no difference between sub-groups, the
following enalysis of varisnce indicating that the lower
averasge in 3 ¢ 1 is not significantly different from 3 ¢ 1ii,




LABLE 23

Chick testes welghts - agsay of sheep pltuitery glend gonadotrophin and PHMS

V RBwe  pituitary . glands T PNS
Serles| Group| lat date of slaughter 2nd dete of sleughter 15 in 30 iu: (ag%n%gﬁigl
No. of Testes weightg No. of Testes weights| No. of Tesbtes welghts|NO. of lestes welghts]NO.of TeW.
chicks end S.D. in mg chicks and S.D. In mg chicks and 8.D. 1n mgichicks and S.D. in mg| chicks
I . , i f'\
1 Jee |13 1222384 | 13 126 2 L6 g 250 |y 22,3t 82 |9 12.6
58 16 114 = %.96 10 12.2 = 3,39 ’
: t X
2 |2P | 25 16.8 - L5l 2k 16.7 = L.u5 9 21.7 ¥ 3.0 10 2.9 £ 5,78 | 10 12.2
3 b 23 1602.& - 302 222 1602 - 3-&2
P 4 " +
3 |2e |19 Dok S he36 25 19,8 S heOT | gg ag9 Fuay [0 259 268 | 10 13.0
S5 e 2l 175 = L.75 20 19.3 = La73
Lools b us 16.2 L.z bl 18.9 % 5.25 9 16.8 ¥ 2,47 9 28.3 £ 9,28 | 10 14.7
+ +
5 |+e |22 15.8=3.39 2k 16.7 = 3.78 ] 10 21.3 % 5.82 | 10 26.8 £ 6,68 | 10 13.8
Iy b 25 o6 = 3.33 19 176 = L.39
Note: The following three 57.49 (2 ¢ i)  16.7 ¥ 1.58 (L chicks)
ewes are not included +
in the 8bove Tsble. 50 H (5 b 11} 15.6 X 2,186 (5 chicks)
229,49 (4 b ii) 22.0 = 6.87 ( 5 chicks)



the reason being lergely because of the great varisnce

R W T e % s vyl
Analyeis of Variance//

Compar 3¢ i and 3¢ ii

]

é';,wé ;3;*

% - ééjﬁ%
18 e ‘sﬁ%g

gtween sheep
Yithin sheep

within groups

// Log trsnsformation u

A comparison of the condrol sheep indicates 3

gignificant difference between teg of slaughter,

significent difference between sheep within dates of

Comparison between dates of slaughter - controls

(exel. 50 H)

SBoures ag 8

91 13239

3 4 ﬁgéﬁgé Oet0Lb l3. 67 =
ween sheep @?&%aﬁ dntes 17 e 380€ O.022h 1,595 &
thin sheep 73 0.8387 0.0115

Log trensformation used for homogeneity of
varisnee

I% should be pointed out that the loss of one degree

of freedom in the "between sheep
is due to the fact that ewe 50 H had been neglected in

the snalysie because she had ovulated, There ig evidence



{relbendov, 1953) that the presence of a corpus luteum
infiluvences the gonadotrophin content of the pituitary

7,

> veason ewe 229,49 has nolt been included

in the following anslysis of varis

(]

groups 4L b 1 and L b 11, It has

by & fortultous srrangement the five evwes in group L b 4

L o 2 B e s e . vy S e sty 2 S b 2TE B o
had ovulsted wheress only one (229.49) in 4 b iIi had

%‘%%ﬁ@%@

Comparison of groupe L b 1 and L b i1 (exel. 229.49)

geen grours 4
sen sheep within groupe 7
ithin sheep 3

LA

%

// Log transPformation used for homogeneity of varisnce
t can be seen from the sbove that there is no

gnificant difference between L b 1 and L1 b ii.

t is possible to summsrise the sbove section by

Jord

ptating that, within esch series,; the only significant d
difference observed is between the two dates of slaughter

in the control cwes.

In view of the varistion in the control chick testes
weights between series and the varisble responses of esch

> { see Table 23)

betel of chicks to identicsl levels of

it is not possible to mske comparisons between series.

This is & serions linitation in the chick ase method ag

carried out under the conditions of this experiment, snd

there does not appear to be & way cut of this problem

except poesibly by eomplicated statisticel technigues.



¥  DISCUSSION

A Henifestation of Cestrus

The edministration of 800 in PHS 50 hours after the
final progesterone injeetion and 800 iu PMS alone {groups
Iy & and L4 b) gave results which sgree closely with reported
Torke Ovulation sgaaea%@aﬁiéé by cestrus is the ususl
response to a single PES injection during sncestrus, On
the other hand, preiveatment with progesterone has the effect
of ceusing synchroncus ovulation and cestrus, That the
duration of the progesterone pretreatment is the major
Limiting factor in the nunber of ewes responding hss been
adequately pointed ocut by Robinson (1955b). He found that
an inereaséd to 6 days in the durvation of progesterone

stimuiation results in a2 relisble cestrus response.

An indication of the mechanism by which this phenomenon

is brought sbout is provided in the finding by Robinson & Moore
{cited Robinson, 1955b) that the median effective dose of
ocestradiol benzoate reguired to induce cestrus in the
ovaricctomised ewe could be reduced by inereasing the duration

of progesterone pretreaiment.

It would ‘be reasoneble to expect, therefore, that the
failure of four ewes in group L & to exhibit cestrus could be

due to an insdeguate duration of progestercne itresatment priocr

to the PUS injection. That this may not be the full explanation
howevery is evident from the faet that Robinson (1955b) has
cbeserved breed and sge differences in oestrous responses of
Suffeld cross-breds and malden and mature Romney ewes 0

the injection of PSS following progesterone pretreatment comencing

four days earlier, Begause such differences do not appear to
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oceur when the duration of progesterone pretreatment is 6 days
and because results with a single injection of progesierone prior
o PUS sre poor, it is thought that an opbimum level and duration
of dosege is reguired for the ewe, this optimum varying with
%%@%é and age, at least. It may be that the Romney ewes in

this experiment would have given s bebier responge if the level
of progesterone had been higher ag well as if the duration of

pretreatment has been longer,

When this experiment was designed 1% was felt that the
treatments given to the %@@@ in groups 2 b and 2 ¢ (25 mgms
vrogesteronse per day fs? four days) would be sufficient to cause
ovulation, and yssgiéza cestrusy; in a proportion of the ewes,
ﬁ%ﬁSSQQ@§$Q§g,%ﬁé/?gyiﬁag é?&&%&%ﬁﬁ% in groups 1, 2 6, 3 a,
3P and 3 ¢, were designed to give some information of the
gquantitative aspects of progesterone-induced ovulation and heat.
Apparently, however, none of the treatments were effective in
altering the pituitary-ovarian reletionships sufficiently to

induce maturation of follicles and subseguent ovelation.

zﬁ'vi%%‘éf the faect that the mechanism vwhereby progesterons
injections ai@ae cause ovulation and hest in the snoestrous ewe

is dbscure, i% is difficult to account for this failurve,

It has been suggested by Dutt (41953b) that prolonged
administration of progestercns leads to a “damming up" of
luteinising hormone which is released at the conclusion of the

progesterone 1&3@3%1@@3 and which 1is sufficlient to initiate
maturation of the follicle, Such an argumnent presupposes that
the cause of snoestrus in the ewe is a descrease in production of

LH. There is no evidence, however, thaet this is sctually the



ecase; on the basis that PUS, which has an PSH~like action,
will cause ovulation, one could well argue that 1t is the

FSH which is low. Unbdil it is possible t0 separate the total
pituitery gonsdotrophin intc its constituent fractions eny
discussion along the above lines 1s purely speculative.

Regardless of the §§2$igﬁia? mechanism of the ??ég%gﬁﬁféﬁa
action, it is very likely that it does affect the pituitary gland
either directly or indirectly and consequently an optimum level
and duration of dosage is probebly required before the pituitary-
ovarisn interelationshipe are such g8 to permit maturation of

a fﬁl:&ﬁ.{ﬁi@ﬁ

B Heerospopic Examinetion of the Ovaries

While the number of follicles of 5 = 6 mm diameter is
fairly constant in each ovary of the typical ancestrous Romney
ewe (groups 5 a 1 and 5 b 1), the nurber of small follicles
varies from 2 to 12, Un & per eve basis the tobal number of
follicles present may be as low as 8 or ag high as 22, These
Pigures ave the only @nﬁs'aﬁgiiabié on the New Zealsnd Romnsy
but they are not very different from cbservaiions on other

breads.

There doesg not seenm 10 be any cleaer sgreement asg to what
happens %o the follicles during asncestrus. It is generally
supposed that they are continually growing, but %haé when they
reach a ceriain size they regress. If this is s0 it is
gorpriging that the nurbers of the larvger follicles is relabtively
congtant. t may be thet beyond & certaln critical size,
&ggyéziﬁa%aiy 5 mm in the Romneyy growth proceeds under the

contPcl of g different set of conditions to those conbrolling

s
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earlier growths That cccasionally in ancestrus, ewew do ovulabe

nd alsoe at the beginning and end of ancestrus spontaneous

ovulatione occur more Trequently, suggests {(a) +that this second
set of factors is chorascterised by 2 progressive change to an

optimum which results in meturation and subséguent ovulation, end
(b) that the ceau: '

ence of this optimum is related %& the seasons

the lowest expectancy being in mid-anocestrus,

We may conclude by stating that not only are the opbtimum
reguirements for Pinsl maturation and ovulation not normelly
veached in the ancestrous ewe, but also for some reason & large
proporbion of the small follicles either regress or remain
stationary until their durn comes bo develops into lsrge

follicles, after which they apparently regress.

The significant ineresse in the rnurber of small follicles
in g1l groups &t the second killing is intriguing. The most
likely explanation is based on the fact that the presence of the
ram hag been shown to act as an externsl stimulus capable of
modifying pitulitary-gonad relationships., It is not known how
the stimulus operates but it hes been suggested that it acts via
the pituitary and hence sffects the otitput of gonsdotrophins,

It may be that the inecreasse in ovarian setivity cbserved in this
experiment indicates that the presende of the vam in ancestrus
influences the PSH output of the pituitery which in turn stinmulates
growth of the follicles in the ovary,

There is evidence thalt the spprosch of the normal breeding
season is associated with an ineresse in nurbers of small
follicles (Kemmlade, Jnr. gt gly, 1952). Although the normal
breeding secason of the New Zealand Romney does not commence undil

the first week of Varch, that is, at least six weeks later than
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the gecond date of slaughter, it could be that the earlier

indieation of ite spprosch is not the presence of spontaneous
ovulations (Robinson, 1951) but rather an inerease in follicle
nunbers. Tf this is the case then the ircrease noted may be

guite independant of the presence of the rams,.

A further complication arises vwhen we congider groups L a
and I b, Although the evidence is Syggmﬁﬁ%syg it would seem
that the only variable vhich could account for the differences in
nunibers of small follicles in these groups is the duration of
the influence of progesterone. Thus proloenged progesberone
setivity (It &) may have resulted in a diminution of FSH ocutpud
or a direct asction on the follicles themselves and conseqguently
a decrease in the nurber of developing follicles. That this
effect of progesterone is manifest only after prolonged duration
is evident from the non-gignificant differences between controls
and treated sheep at the Ffirst date of slaughter (anslysis of

varisnce, page 5l)s

Gonsiderable importsnce is atteched to the chservaiion
that the experimenisl corpors lutea conform in size to ths
normal @z@eé@eé in the breeding sesg0n. Without chemical
estimation of progesiterone in the blood or histological examination
of the corpora lutes, it is not possible o the sure that an
experimental corpora is Tunctionsl; nevertheless, for the want
of a move complete method of determination, the size relationsghips
have been considered sufficient evidence to assume that they are

functional,
G Histological Chanpges in the Reproductive Tract

The description of the histologicsel examination of the
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uterus, cervix and vagina of the normal ancestrous evwe agrees
closely with previous reports. It may be pointed out thsat
whereas the uterus and cervix presented a uniform *quiescent’
picture, the vaginal sections were characterised by great
variability, there being no two ewes exhibiting similar findings

in all cherscteristics examined.

The descerivtion of the fallopisn tubes in the ancesirous
ewe has not been attemped before. In particular, the reduced
height of epithelium, shrinkage of the villi and protoplasmic
extrusions indicate s stage of regression not seen in the

eycling ewe.

On the basis of the sbove findings it would be reasonsble
to agree with other workers that the reproductive tract of the

ancestrous ewe is in & relatively inasctive sgtate.

That all levels of progesterone administered have caused
changes in the uterus and cervix is clear from the resulis.
The effect of the oviducts is less well defined and it would
appear that the vaginas did not respond at all, Where, however,
ovulation and ocestrus occurred there was evidence of changes in
the latter two porticons end also the regponses in the uvterus

and cerviz were enhanced.

The progestationsl response to progesterone aldne was
practically identicel st =811 levels. When a 35??&& luteum was
present it was noted that the amount of folding of the epithelium
and the development of the uterine glands had proceeded much
further. Thie might indicate that the reletively low levels
of progesterone are sufficient t¢ cause a response, but for

full expression the duration of the treatment is the limiting



=58

factor. It should be remenmbeped that the production of cestrogen
by the maturing follicle ig likely to influence the response 0
vrogesterone, That cestrogen could be imporbtant is indicated

by the cornification in the vaginas of the ewes in group L & i.

The changes in the cervix are interesting in that this organ
appesars toc have a higher threshold to progesterone than the Qté?ﬁge
Once this threshold was reached, whether by durstion or level
of dossge, it did .« respond guite readily. This finding
suggests that & possible way in which priming with progesterone
prior to PUS sdministration brings about the production of mucus,
typical of ocestrus, is that it prepares the cervix to respond to

the normal physiclogical levels of ocestrogens,.

Poor lambing results following progesterone and PES during
enoestrus have been reported. The findings of Wallace (1955),
in which 81 of 96 Romney ewes treated in February became pregnant,
indicate the importsnce of cleasrly dlfferentisbting between mid and
late ancesirus. Judging by Lambourne's (1955) figures a large
proportion of Romney ewes have spontaneous ovulations during
February and it is likely that this ovarian sctivity would

influence the outcome of trestments,

It might be possible to account for the poor results obitained
by Robinson (1955b) on the basis that the duration of progesterone
pretreatment reguired to produce synchronous oestrus and ovulation
with PES is much less than that required to fully prepare the tract

for sperm and egg tPansport, fertilisation and implantation.

The results of this experinment, however., show that the uterine
response L0 progesterone is fairly rapid, while the cervix responds

less readily. On the other hand the oviducts and vegina do not
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seem to0 change unless cestrogen is present. It is suggested,
therefore, that poor lanbing resultis are not due to the improper
prevaration of the lower tract but that attention should be directed
to the fallopiasn tubes, the preparation of which by progesterone
appears to have been inadequate and in which the gualitative and
guentitative relationships of progesterone and cestrogen are

poorly understood.

D The Assay of the Pituitary Glands

There is sn immediste temptation to relste the significant
difference in gonsdotrophin activity in the control ewes with the
changes in follicle nunmbers. When, however, we compare the
findings of Warwick (1946) and Kemmlade, Jnr., et al. (1952)
with the above there is an obvicus discrepancy. These workers
gould fiﬁé no difference in totsel gonedotrophin content of the
pituitary between snoestrous and cycling ewes, end Kammlade, Jdnr..
8t al. (1952) did not observe any change in potency as the breeding
segson apuroached, The only major deviation from s constant
level throughout the year cccurred at each covulagtion, when a

decrease in potency took place.

If the increase in foliicle numbers is related to the
increase in gonadotrophin, it would seem that this is because of an
increase in FSH. In either case 1t is difficult to reconcile
these findings with those just quoted. The explanation could be
either that the analysis of the resulis observed by Rammlade, Jnr.,
et 8l, (1952) did not detect the difference, or that the assay
method used has limitations which render comparisons difficult.

The following discussion would tend to suggest that the latter

possibility is the more likely,

The uge of day old cockerels for gonasdotrophin assay is
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based onh the response of the testes by an increase in weight as
a result of gonadotrophin injection, It is not known whether
the stimulus is direct or whether the injected material affects

the output of the chick's own pituitary.

While it is agreed that both FSH and ICSH affect the testes,
it is difficult to know what is being measured when whole pitultary
powder is administered, HNalbandov {(1953) i& of the opinion
that the assay does in fact measure total gonsdotrophin, the
FSH and ICSH combining additivelye. But 1f we conslider the
action of the two gonsdotrophins on the female gonad it is very
likely that the ratio of FSH/ICSH is the important fasctor. An
unknown factor which may be lmporitant, however, is that beyond

a certain range the dominant fraction may exert an asction out

of propoerition to its concentration.

Histological examination of the testes may help resoclve
the problem, since FSH has been shown to affect the tubules and
ICSH scts mainly on the interstitial cells (Breneman, 1936).
Information has been gathered in this laboratory which supporits

the above contention.

Hevertheless, until it is known not only whether we are
measuring total gonadotrophin, but alsc how much of the constituent
fractions, it is difficult to arrive =2t an adequate interpretation

of the method,

A further point which nust be taken into consideration is
the possible loss of poteney of the pitulitery gland during
storage. Whereas Kupperman et sl. (1941} have shown that
acetone-dried sheep pitultaries do lose potency on storage,

when compared with fresh specimeng, Naito (1953) found that
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acetone~dried goat pituitary glands did not lose potency over a
period of two yesrs. If we ave to assume some loss during
storage we cannot meke allowance until it is known whether the
original potency of the gland haes any effect on the loss during

storage.

The more obvious limitetions, arising from & consideration

of the results, coneerning the use of the chick assay ares-

ghte of day old chick testes

&

(a) Wot only are the weil
guite varisble but at the end of the first week the variance
has increased., This incresse in variance can be only partly

accounted for in the varisbility of body weightis.

{(b) The comparison ¢f the weights of testes of control
birds from different batches indicales a source of varistion which
is very difficult to undersband, Bergman & Turner (1942) have
shown the importance of keeping the environment constant bebtween
bateches and in this experiment this factor was thought to be

carefully controlled.

(¢} Different batches gave veriable responses to

identical injections of PUS (see Tebles 22 and 23),

(d) The increase in variance with increasing dosage
introduces problems in the analyses with a consegquent decrease

x

in efficliency.

It can be seeny therefore, that the interpretation of the
results of the assay of thepituitary glands is fraught with
difficuliye. There are, however, some points which may be
discugsed,

In groups 2 and 3 there is appsrently no difference in
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gonadotrovhic potency between the two dates of slaughter, This
would probably indicate thset if progesterone has an effect on
the gsﬁaﬁétrsgﬁiﬂs in the pitultary, this effect is not manifest
in the ancestrous ewe, or alternately a longer duration of
treatment is needed, The simlilar Tfindings in group L a 1 and

& a ii would tend to preclude the latter possibility. Further,
the non-significant difference bebtween Lt b 1 and 4 b i1 would

tend to substantiste the former possibility.

It should be pointed ocut that the results in group L may
e considered not to disasgree with the finding by Kammlade, Jnr.

et al. (1952) that the only définite change in total gonadotrophin

cecurg sb gbout the time of ovulation, Hone of the ewes in this
experiment were killed et 2 time nesr enoughto ovulation to show
this but it may be noted that the aversge testes welghts in groups

b aiand i b1 were the lowest recorded.

VI SUBNARY AND CONCLUSIONS

Te An experiment involving 105 ancestrous Romney ewes, in which
were cbserved the effect of progesterone and PHMS on manifestation
of oesgtrus, macroscoplc changes in the ovary, histologicsl changes
in the reproductive tract and gonedotrophin content of the pituitary

gland, has been described.

2e Ewes in the control groups were found to be in relatively
deep anoestrus on January 10th and 11th. By January 18th - 19th
however, an increase in ovarian activity, manifested by an increase
in folliicle nunbers, had taken place. This was thought to be due
to either (a) the ewes being closer to the normal breeding season

or (b) the introduction of the rams.

B This increase in nurber of follicles in the control ewes was



=9 3=

accompanied by an increase in the total gonasdotrophin content of
the vituitary gland as determined by the day-old male chick

 assay technigue.

e The ewss trested with variocus levels of progesberone slone

did not come into seagon or ovulsie; there was, however, a
respoense in the reproductive tract. This congisted of an incresse
in height of uterine epithelium and increased uterine glandular
development accompanied by an increase in asctivity of the cervieal

mucosa which was greatest with high dosage levels,

Be The administration of progesterone prior to PUS, as compared
to PUS alone, led to a greater nunber of ewes exhibiting ocestrus,
a greater number of ewes ovulating and an increase in the nurber

of ova shed.

6. The development ¢f a corpus luteum was responsible for marked
chignges in the ubterus and cervix and minor changes in the vaglina
and fallopian tubes.

£

T In this experiment progesterone administration did not appear
te have an effect on the gonadotrophin content of the pituitary

glands of the sncesirous avwe.

8, The definite limitetions of the asssay of gonadotrophin potency
of acetone-dried sheep pltuitary pglands, using dsy 0ld cockerels,

have been digcussed,
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