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Many workers have shown that sheep are seasonal breeders 

with peak reproductive activity occurring during the autumn 

months. The initial experiment in this thesis was designed to 

ii 

define the seasonality of reproduction in rams of the N.Z� Romney 

breed as determined by repeated measurements of semen characterist-

ics and of plasma hormone levels. These parameters were studied 

for 16 months in six N.Z. Romney rams on pasture, with five 

Merino and four Polled Dorset rams included for comparison. 

Semen from all three breeds showed relatively regular seas

onal changes in ejaculate volumes and seminal fructose levels with 

peak values being recorded during March. Likewise, monthly 

hormone levels VRried in a regular manner with plas�a LH, testost

�rone and prolactin concentration being elevated during the summer 

months. Many of the other semen parameters measured showed little 

tendency for seasonal v�riations, however a change in semen collect

ion technique, from predominantly artificial vagina to entirely 

electro-ejaculation, may have masked some seasonal changes. All 

three breeds showed similar seasonal changes in the parameters 

studied although semen from the Polled Dorsets did not exhibit 

regular seasonal variations in fructose levels. 
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Further experiments were carried out to define the neuroendoc-

rine mechanisms which regulate the seasonal reproductive changes in 

N.Z. Romney rams. Three ol factory bulbectomized rams, three 

cranial cervical ganglionectomized rams and four rams which had 

undergone both of these surgical modifications, were grazed to-

gether with the rams mentioned above. These surgical treatments 

disrupted the regular seasonal changes in plasma levels o f  LH and 

prolactin , but not, o f  testosterone. Spermatozoal concentrations 

in ejaculates from operated rams were higher than those from un-

operated controls, whereas mean fructose concentrations were lower; 

however the pattern o f  seasonal chan ges in seminal fructose levels 

was similar in all groups o f  rams. Cranial cervical ganglionectomy 

reduced hydroxyindole-0-methyl trans ferase activity and cell vol-

umes in the pineal glands, so it was concluded that disrupted 

seasonal patterns o f  changes in plasma LH and prolactin levels , 

plus the altered semen production in the surgically treated rams , 

resulted from modi fied pineal gland and/or ol facto�y system activity. 

A preliminary investigation into the role of changes in daily 

photoperiod as the stimulus for seasonality o f  reproduction, was 

carried out by placing rams in light-controlled rooms at the time 

o f  the March equinox. Over the following nine months rams exposed 

to a phase-reversed annual lighting cycle showed earlier elevations 

o f  seminal fructose and plasma testosterone levels than rams on 

I . 
either the normal annual or a constant equinoctal lighting regime. 

� 
In all three groups plasma prolactin levels were directly related 

to the length of daily photoperiod. 

The findings of the above experiments were extended by a 

final study in which both pinealectomized and sham-operated rams 

were exposed to normal or reversed annual lighting cycles. 
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Effects o f  lighting o n  plasma testosterone and prolactin levels, 

and on seminal fructose levels, were diminished by pinealectomy. 

Autopsy data related to gonadal and accessory sex gland function 

showed significant operations x light ing regimes interactions, 

which supported the conclusion that in rams pineal gland function 

mediates endocrine ann gonadal responses to changes in daily 

photoperiod. 

Three short-term investigations of hormonal secretion pro

files conducted during the latter experiment, showed that major 

fluctuations in the release of LH, testosterone, prolactin and 

cortisol occurred irregularly during the day. A nocturnal elevat-

ion of plasma prolactin levels was abolished by pinealectomy. 

These acute studies tended to confirm the findings of the latter 

experiment, but in particular they highlighted the pulsatile 

nature of hormonal secretion. 
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CHAPrER I 

INI'RODUCTION 

Most animals are exposed to rhythmic environmental influences 

which probably are responsible for the induction of cyclic reproductive 

activity. Examples of cyclic activity include the oestrous cycles of 

many species, menstrual cycles in humans and higher primates, and the 

seasonal patterns of reproduction seen in ma� species. Although 

cyclic changes may result from intrinsic rhythmic mechanisms, it is 

likely that environmental factors regulate or modify these mec hanisms. 

Such factors are the seasonal changes in temperature and daily photo

period, and the daily light-dark sequence. The latter produces the 

so-called c:ixcadian rhythms ( Latin circa diem : about one day) whic h 

have been the subject of many investigations into the control of cyclic 

phenomena in living organisms ( BUnning, 1967). other rhythmic 

environmental influences may arise from the twenty-eight day lunar 

cycle, and for marine animals, from tidal rhythms. 

In this thesis the rhythms studied were related to annual changes 

in repx·oduction. 

1. SE.ASONALITY OF REPRODUCTION 

(1) General 

In aqy evolutio� scheme the ability to reproduce is of 

paramount importance. The most vulnerable stage in reproduction is the 

survival of the new-born, which is dependent on environmental influences 

such as the supply of nutrition. As such factors are governed largely 

by seasonal conditions, it has been stated that "the survival of a 

species therefore ultimately depends on the ability of the individual 
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to brine forth its young in due season" (Short, 1 973i). In turn the 

ability to determine the date of parturition i1equircs control over the 

time of conception and its associated reproductive activity. Such 

control manifests itself as a seasonality of reproduction in many 

species of wild and domesticated·animals. A compreheP�ive review on 

the topic of seasonality of reproduction in birds and man�als has been 

p rovided by Amoroso and Marshall (1960). Additional information 

about mammalian reproductive patterns has been recorded by Asdell 

(1964). 

(2) Manifestatiom of Reproductive Seasonality in Female Mammals 

(a) General. Among the domestic animals sheep, goats and 

horses exhibit marked seasonal variations in parturition dates, whilst 

swine and cattle exhibit a lesser tendency to such variations ( Dutt, 

1 960). 

Information regarding the seasonality of oestrous activ ity and 

mating behaviour of domestic animals has been reviewed by a number of 

authors (Ortavant, Mauleon and Thibaul t, 1964; Thibault et al., 1966; 

l''raser, 1 968). 

( b) Sheep. Hafez reported on the breeding seasons of wild 

_goats, wild sheep and domesticated sheep (1952), while more recently 

Van Tonder (1972) reviewed this topic with respect to domesticated 

sheep. These authors have concluded that most sheep breeds have a 

breeding season corresponding to the period of decreasing daylight hours. 

Although sheep generally show a seasonal pattern in the timing. of 

parturition, -this can vary according to the locality (Hulet et al., 

1 974). 

A number of authors have reported on seasonal changes in 

fertility. Ortavant, �Auleon and Thibault (1964) reviewed literature 

showing that fertility of sheep, which is often est�nated by the lowest 

p roportion of barren e\ves, or highes t  proportion of ewes leaving more 



than one lamb, showed pronounced seasonal variation. Such studie� 

indicated that ewe fertility was maximal midway t hrough the breeding 

season. 
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Generally, the same conclusions are reached in classification 

of female animals as seasonal or non-seasonal breeders, regardless of 

whether such classification is based on observations of parturition 

dates, oestrous activity; fertility measurements or other parameters. 

In this manner the autumn breeding season of the ewes of most sheep 

breeds has been clearly defined. 

(3) Manifestations of Reproductive Seasonality in Male Mammals 

(a) General. Seasonal changes in reproductive activity of 

male mammals have not been as widely reported as for females. However, 

much information has been listed by Asdell (1964) and in the reviews 

by Ortavant, 1muleon and Thibault (1964), Thibault et al. (1966), and 

Lodge and Salisbury (1970). 

Male mainmals do not display any event as dramatic and 

characteristic as oest.-;_;s in the female, nor of course do they undergo 

the events of gestation and parturition. Nevertheless seasonality 

of reproduction can be recognised by observation of a wide number of 

.parameters. Apart from rode nts , the animals which have received most 

attention as seas onal breeders are deer, goats, cattle, horses and 

sheep, all of which are ungulates. 

(b) Antlers of Deer. Stags of most species of deer displ� 

characteristic seasonal changes in the status of their antlers which 

have been shown to reflect testicular activity (Meschaks and Nordkvist, 

1962; Markwald, Davis and Kainer, 1971; Mitchell, 1973). According 

to these authors, antlers become hard (shed velvet) during the period 

of maximal testicular activity. Short and Mann (1966) demonstrated 

that testosterone injections could induce shedding of the velvet in 

roe-bucks, and concluded that seasonal changes in circulating 
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androgen levels were involved in the natural antler cycle. 

( c) Gonads and Acoes�ory Sex Glands. Other male mammals lack 

such obvious indicators as the antlers of deer, thus informat ion 

regarding the seasonality of reproduction has been obtained by 

examination of the gonads, the accessory sex organs, and the semen. 

This resea.roh usually has involved weighing the various organs, 

estimating levels of activity by h istological or anzyruat ic analyses, 

as well as semen stud ies. 

There have been few studies on rams involving examination of 

sex glands, although three separate reports have demonstrated seasonal 

changes in test icular and accessory sex gland act iv ity (Pelletier, 

1971; Gupta, 1972; Lemay and Corrivau1t, 1973). Pelletier described 

a marked increase in testicular and seminal vesicular weights, and 

seminal vesicular fructose content during June in Ile-de-France rams. 

Gupta found that histological data indicated a similar pattern of 

increased act ivity during the breeding season. These results were 

confirmed by the seasonal changes in testicular weights and seminiferous 

tubule diameters reported by Lemay and Corrivault (1973). 

Likewise there have been very few studies on male goats, 

although Leidl, Hoffmann and Karg ( 1 970) reported a seasonal pattern of 

accessory sex gland activity and semen quality. Wild goats in New 

Zealand breed throughout the whole year according to Rudge (1969), but 

show a slight increase in sexual activity in the early summer. 

The reports of Skinner and his colleagues from South Africa have 

usually contained data for numerous parameters including : weights of 

testes, epididymides, seminal vesicles, ampullae, and bulbo-urethral 

glands; epididymal spermatozoal reserves; seminiferous tubule 

diameters; seminal vesicular fructose concentrationa; testicular 

histochemical changes (l ipid content and fl5-3 8 -hydroxysteroid 

dehydrogenase activity ); as well as observations of the rut and mating 



activity. These authors have produced a considerable amount of 

information on several of the African ungulates which breed in the 

autumn (Skinner and van Zyl, 1970; Skinner, 19�; Skinner, van Zyl 

and van Heerden, 1973; Skinner, van Zyl and Oates, 1974). 
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other authors have measured some of the same parameters in deer, 

many species of which have been shown to be autumn breeders on the basis 

of studies with male animals (Wislocki, 1949; Meschaks ar� Nordkvist, 

1 962; Short and Mann, 1 966; Aughey, 1 96 9; Bramley, 1 970; C hapman, 

1 970; Chapman and Chapman, 1 970; ·Lincoln, 1971; Chaplin and White, 

1 972). 

(d) Male Libido. The very distinctive behaviour patterns of 

maqy male mammals during the breeding season is well exemplified by the 

rutting and mating behaviour of ungulates described by Fraser (1968). 

It has been a popular belief, that male mammals exhibit little 

seasonal variation in libido. However this opinion has not alvtays been 

borne out by the results of controlled investigations of this aspect of 

male reproduction. Although Mies Filho and Ramos (1956) were unable to 

detect significant seasonal differences for rams of the Romney Marsh, 

Australian Merino, Corriedale and South Down breeds, McKenzie and 

Berliner (1937), Pepelko and Clegg (1965), Symington (1961 ) , and Holmberg 

and Karlsson (1965) have reported distinct seasonal variations in libido 

in rams of several breeds, usually with peak activity occurring in the 

autumn. Lees (1965) on the other hand reported that Hampshire and 

Suffolk rams displayed a distinct breeding season in the autumn, whereas 

Kerry rams showed mounting activity all year round. 

Fraser (1968) summarised the situation, rather generally, with the 

statements : "in seasonally breeding species the breeding drive is 

intensive in the breeding season and subdued or reduced, or absent during 

the remainder of the seasol'l3" and, "when the breeding season is a very 

limited one the intensification of mating drive is more evident in the 

male animals. This provides the phenomenon of rutting." 
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(e) Semen Production. Much information on the seasonality of 

reproduction in male animals has been contained in reports on the 

seasonality of semen production. Semen can be obtained with rolative 

ease from most species, and unlike the discontinuous events of oestrus 

and pregnancy in females, provides a number of continuously occurring 

variables from which quantitative and qualitative estimates of the 

degree of seasonal changes can be made. 

(i) Bull and Stallion. In spite of the large quantity of data 

available, evidence that bull semen shows a seasonal improvement 

in quali-ty during the spring is still inconclusive ( Ortavant, Maulcon 

and Thibault, 1 964; Lodge and Salisbury, 1 970). On the other hand 

the same reviewers and, more recently Pickett, Faulkner and Sutherland 

(1970) reported a seasonal improvement in the quality of stallion 

semen in the spring months. 

( ii) �· Studies with goats have yielded consistent evidence 

for seasonal charl[�es in semen production with the highest quality 

samples being obtained in autumn. Eaton and Simmonds (1952) reported 

an autllillnal peak for semen volume, spermatozoal numbers, and 

spermatozoal motility, whilst other caprine studies have shown that peak 

levels of seminal fructose and citrate occur during thi3 period of the 

year ( Leidl and Bronsch, 1 959; Masaki and Masud.a, 1968). 

( iii) �· A large volume of research on the seasonality of 

production of semen by rams has been reviewed on several occasions 

( Ortavant, Mauleon and Thibault, 1964; Smyth and Gordon, 1967; Lodge 

and Salisb�, 1970) with the general finding that semen quality was 

highest in autumn and winter. Rams of breeds in which the ewes 

displayed long or continuous breeding seasons tended to have less 

pronounced seasonal fluctuations in semen quality than did rams of the 

more seasonal breeds. 

A number of reports have appeared since the most recent of the 



above rev iews. Land ( 1 970 ) found no marked seasonal variations in 

semen of Finnish Landrace and Scottish Blackface rams , except for 

changes in spermatoz oal motil ity, spermat o z oal numbers and per c e nt 

live spermat oz oa, which s howe d peak values during the autumn. 
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Further ev idence for aut umnal pe aks of seme n  quality, but with 

c ons iderable breed variat ions , have been reported by H ogue ,  Has hem and 

Rahim ( 1 970 ) ,  William et al. ( 1 970 ) and Sahni and Roy ( 1 972!:_, .2) . On 

t he other hand, e jaculates c ollected from Ile-de-France rams during the 

s pring a nd autumn did not differ s ignificantly in ferti lity as evaluated  

by the percentage of  ewe lambs pre g nant after artific ial insemination 

with fresh semen (C olas et al. , 1 972 ). 

(4)  H ormonal C han&e s 

An incre as ing v o lume of information has bee n  obtained ove r  rece nt 

years on changes in peripheral plasma leve ls of gonadotrophins and sex 

steroids , as we ll a s  p i tuitary gonadotrophin and Qypothalamic G�ij 

leve ls , in both male and fe male animals. 

(a)  Pituitar;r: and Hypothalarnic Hormone Level:!_. Although a numbe r  

of i nves t igat ions o n  pituitary gonadotrophin content have be e n  c arried 

out in sheep, most of the s e  have be e n  c o nf ine d to e we s . Als o, many of 

t.he se s tudies only have c o ns idered differe nc e s  betwe e n t he oe strous and 

anoe s trous periods , rather t han between the breeding and non-breeding 

s e as ons .  Results from such experiments have bee n conflicting. 

Kammlade et al. (1 952)  reported a high pituitary gonadotrophin content 

during the non-bree ding se as on in e we s ,  but Lamond, . Radford and Wallace 

(1 959) were unable t o  duplicate this result. Neverthe le s s ,  work with 

rams has de mons trated t hat pituitary LH leve ls in Ile-de -France rama 

showed c le ar evide nce for s e as onal change s ,  being h ighe s t  in s ummer and 

lowest in winter (Thibault et al. ,  1 964).  FSH leve ls in the s ame 

st� s howed a s imilar pattern but with an extra peak in the winter 

months . 



Relevant results from another species  weDe provided by 

Bruggemnnn, Adam and Karg ( 1 965)  who reporte d that the highest 

pituitary levels of LH in stags occurred ten weeks before the rutting 

seas on. 

T he only work on hypothalamic GnRH levels in grazing sheep was 

based on  an oestrous cycle stu� in ewes (Jackson et al. ,  1971 ) which 

indicated that hypothalamic GruLq levels were as high or higher during 

anoestrum than at aey time during the oestrous cycle . This finding 

indicated that anoestrum in the ewe wa3 not related to an abse nce of 

GnRH in the hypothalamus, but to the absence of a signal for its 

release .  

(b ) Plasma Hormone Levels . It is difficult t o  interpret 

changes in pituitary levels of gonadotrophins, as it is imposs ible to 

distinguish between  the changes in rate of synthesis or release of a 

hormone from glandular content alone . On the other hand measurement 

of blood levels of a hormone may be considered to provide information 

regarding the rate of release from an e ndocrine gland, providing that 

clearance rates do not alter greatly. Nevertheless,  in spite of the 
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widespread us e  of radioimmunoassays , the literature on seasonal changes 

in blood levels of hormones is still deficient .  

( i) LH and FSH. Short (1973!0 suggested that the increased 

output of LH in rams during the autumn took the form of an increased 

frequency of discharge rather than aqy change in the amplitude of peaks . 

This statement was supported by twenty-four hour secret ion pattern dat� 

obtained from S uffolk rams during the summer ( one ram) and autu.'Tln (two 

rams ) (Katongole ,  Naftolin and Short, 1974) . The maximum LH levels 

of serum taken at bi-monthly intervals from Suffolk and Hampshire rams 

in Oklahoma were obtained during October (Johru! on, Des jardins and Ewing, 

1973) . In Canada Sanford, Palmer and Howland (1974,!) were unable to 

detect  seasonal changes in serum LH levels in s ix cross-bred rams sampled 



at two to three week intervals , yet the same group of workers 

( Sanford et a l . , 1974�) reported seasonal differe nces in two Finnish 

Landrace rams by measuring twe nty-four hour secretion patterns . 
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Their results showed that in J anuary LH peaks were of greater 

freque ncy but s maller magnitude than in May or August . Wee kly LH 

leve ls in plasma collected from one ram lamb, s t art i ng  during June at 

t hree months of age and c ont inuing for fourtee n months , s howed marked 

peaks during June , July and August (Pe llet ier, 1971) . Also, more 

re ce ntly, Hochereau-de Reviers, Loir and Pe llet ier (1976) reported 

peak plasma LH levels in adult rams during June . 

There have been  no reports on seas onal variat ions i n  blood 

levels of FSH in the higher mammals . 

( ii) Androge ns .  Reports of seas onal changes i n  androgen 

levels i n  males have bee n  more numerous than for gonadotrophins . 

Elevated plasma androgen levels have been found during the 

breeding seas on of a number of differe nt species (Saumande and Rouger, 

1972 ; White head and McEwan, 1973; Berndts on, Pickett and Ne tt , 1 974; 

McMillin e t  al. ,  1974; Plant et al. , 1 974 ; Gimenez e t  al . ,  1 975 ; 

M irarchi et al . , 1 975) . 

In rams seasonal c hanges in plasma tes tosterone levels have bee n  

reported for the Suffolk breed (Katongole et  al. , 1974) , S uffolk and 

Hampshire breeds (Johns on, Des jardins and Ewing, 1973) , Finnish Landrace 

and cross-bred rams ( Sanford, Palmer and Howland, 1974�; Sanford et al. , 

1 974�) and S out hdown, S hrops hire and Targhee rams (Game s and Joyce , 

1 976) . In e ach ca5 e  t he plasma tes t os terone levels were h igher during 

or shortly before the breeding seas on, than in the re s t  of t he year. 

In Britain plasma tes t os terone levels obtained over long sampling periods · 

from four Hampshire rams , were much lower in late March than in Jan� 

(Purvis , I llius and Haynes ,  1 974) . 



1 0  

(5) Male Sexual Cycles 

The variou.s change s  des cribed above relate to annual s e as o nal 

rhythms in male s .  Kihlstrom (1966) has pos tulat e d  t hat in rat s ,  

rabbits ,  bulls and me n  there i s  a male s exual cycle s imilar t o  that 

of the female of the s pe cies . He bas e d  this p ostulate on dat a 

obt aine d  from dai ly e jaculate s  from rabbits ,  and from a number of 

reports in the literature .  H owever, the exis t e nce o f  male s e xual 

cyclicity of this nature has not be e n  w ide ly re ported. 

( 6) Male- fe male Re oroductive Seasonality Interrelationships 

As male mammals re quire two or thre e months to pas s from a 

s tate of testicular inactivity to full fert ility, where as in fe males 

an i nact ive ovary can be stimulated t o  the point of ovulat ion within 

two or three days ( Short , 19732:,), it would s e em reas o nable to p os tulate 

that there may be s ex differe nces in s e as o nality of re produc tion. 
' 

This idea was s upported by Grubb and Jewe ll (1973) who noted that 

rutting activity amongst the S oay rams on the is land of H irta s t art e d  

well be fore t h e  appe arance o f  oes trus amongs t the ewe � . S h ort ( 1 9732:,) 

reviewed evidence from de e r  which indicated that s perLm:ttoge nes is in 

males re comme nc e s  about four m onths be fore the females start to ovulate . 

Neverthe le s s  it is difficult t o  attribute s e as onal changes in 

fert ility to the male or t o  t he female in aey part icular s pe c ie s . I n  

c attle attempts t o  overcome t his difficulty by the us e  o f  liquid and 

fro z e n  seme n  and artific ial inseminat ion have not be e n  s uc ce s s ful, 

acc ording to Lodge and Salisbury (1970). In the ir review they showed 

that s ome report s attributed s eas onal changes i n  fertility to v ariations 

in s e me n  quality, where as other reports s t ated that t he c hange s were 

primarily at tributable to the female . 

For s he e p  it has be e n  stated t hat " the bre eding s e as on is 

c ontrolled more by tho female than the male s ince females normally have 

an anoestrus period, whereas the male produces semen through out the year" 
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(Lodge and Salisbury, 1 970). T h ia �tateme nt m� s e e m  rather 

swe eping in light of the ev ide nce for seas onality of reproduct ion in 

rams , but it does i ndicate a p os s ible s ex difference in the magnitude 

of se as onality within one s pe c ies . 

( 7 ) SummD£1 

T he seas onality of re product ion i n  animals has bee n  s ��arised 

by Ortavant ,  Maule on and Thibault (1 964) , who divided domestic s p e c ie s  

into three categor ie s  : 

(a) t h os e  t hat reproduce during the s e as o ns  of long daylight h ors e s , 

donkeys ; 

( b) t h os e  that reproduce during the s e as ons of sh ort daylight s heep, 

g oats ; 

( c ) t h os e ,  finally, whose long dome s t icat ion has c aus ed the ir 

s e ns itiv ity t o  photoperiodic s t imulat ion to de ge nerat e  : c at t le ,  

b uffaloe s ,  p igs , rabbits . 

2 .  FACTORS HlVOLVED IN THE SEASONALITY OF REPRODUCT ION 

The various e nv ironme ntal fac t ors which probably are involved in 

induc i ng s e as o nal ity of reproduction inc lude : light ,  temperature , 

nutr it ion and olfact ory s t imuli . The s e  will be discussed in the pre s e nt 

s e ct ion along with other fact ors which m� be inv olved in repr oduc t ive 

seas onality. 

(1 ) Light 

(a) Ge ne ral. D�light produces two ma jor cyc lical i nf lue nces : 

the regular se que nce of light a nd dark every twe nty- four hours , and the 

annual serus onal change in daily phot operiod. This latter has bee n  

de s cr ibed by Me nake r  ( 1 971 ) as be ing abs o lutely regular and thus a much 

more re liable i ndicator of s e a s o n  than other quas i-a nnual e nv ir o nme ntal 

cyc les. 

The ma j or i nfluence of daylight on reproduc t i o n  is produced by 
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t he annual s e as o nal change in daylight . Var iation in daily photo-

period is minimal at the e quator ( two minute s throughout the ye ar), 

and maximal at the pole s  where periods of c ons tant daylight and dark-

nes s  are experie nced. Be twe e n  the se e xtremes s e as onal var iations in 

phot operiod are determined by the distanc e  from the e quat or ( lat itude) . 

Accordingly t he finding that s easonal bre eding is les s  appare nt ne ar 

the e quator is not s urpris ing ( Fairall, 1 970; Spinage , 1 973). 

However the s un does move acros s  the e quator twice e ach ye ar and caus e s  

two peaks o f  s o lar radiat ion. T his has bee n  s ugge s te d  as an 

explanation for the two pe aks of bree ding ac t ivity note d in both s exes 

of t he dikdik by Ke llas (1 955), who c arried out obs ervat ions in 

e quatorial Africa. 

C hange i n  le ngth of d aylight is not the only factor to be 

c o�� idered be c ause it follows that there must be c oncurre nt, but 

i nversely re late d changes i n  the le ngth of darkne s s , and c hanges in the 

light : dark ratio throughout the year. 

Daylight c ons is ts of s olar radiation, the biologically 

s ignificant re gions of which are the h igher wavele ngth ultrav iole t  and 

v is ible light. Ultrav iolet light has bee n  propose d  as a c ontrolling 

fac t or in animal reproduc t i o n  by Amoros o and Mars hall (1 960), however 

the ir e v ide nc e  was base d  only on a few e xperime nts us ing ferre t s  and 

marmosets . 

There have bee n  a number of attempts to de fine the port ions of 

the v is ible s pe c trum which are mos t e ffec t iv e  i n  produc ing reproduct ive 

res p ons e s , partic ularly in birds . 

and Marshall, 1 960; Farner, 1 961 ; 

In reviews o n  th is t opic (Amoros o 

Bunnin g ,  1 967; Wurtman , 1 96 7) it 

has generally bee n  agree d that the opt imal wave le ngths for res p o ns e s  

in birds were in the red region (580 nm t o  750 nm). 

Litt le work has bee n done in th is are a w ith mammals a lthough 

Amoros o and Marshall (1 960) c ited reports in which red a nd ye llow 
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radiation had s timulated sexual activity in f ie ld mice and in Romney 

.Marsh ewe s . In his rev iew on t he e ndocrine s ignificance of light 

spec tra, Wurtman (1 96 7) conc lude d that " there has bee n l it t le 

s upporting evidence prese nted t o  show that the endocrine responses 

of mammals to v is ible light are re lated t o  particular wave le ngths 

within its spectrum." 

Us ually it has been c ons idered that the effects of light on 

animals are mediated v ia the retinal phot ore ceptors , and that full 

vision re quires the integrity of �he ret i nae , optic nerves and tracts ,  

s uperior colliculi,  lateral ge niculate bod ies ,  and the oc c ipital c ortex 

(Wurtman, 1967) . Research on the ne ural c onnections be twe en the 

ret inae and the regions of the brain in,r o lved in endocrine re gulat ion 

has bee n  summarized by Critchlow (196.3) and Wurtman (1967) o From 

the optic chiasm impulse s  may trave l in the optic tracts or the 

acce s s ory optic system. The latter inc ludes the anterior and posterior 

acces s ory tracts as we ll as dire ct ret ino-hypothalamic conne ct ions 

(Printz and Hall, 1 974.) . Ev ide nce for direct re t ino-hypothalamic 

c onne c t ions has yet t o  be s ubs tantiated. 

An attempt t o  determine the role of the eyes in the photo

periodic ity of breeding in ewes was re ported by C legg, C ole and Ganong 

(1 964). Us ing S uffolk-Hamps hire cros s-bre d ewe s ,  they performed 

optic nerve sections ,  or de s troyed the pos terior port i on of the optic 

chi��m together with the s uprachiasmatic region. The former operation 

had no e ffe ct on seas onal oestrous activ ity whereas the latter tended 

to reduce the inc ide nce of oestrus after a ye ar or more . The lack of 

response to optic nerve sect ioning indicated that the sheep e ither 

reverted to an inherent biological rhyt hm, used e nv ironmental cues 

other than lighti ng ,  or had light recept ors other than those of the 
eyes . 

There is a c ons iderable body of e vide nce for light perception 



involving receptors other than those of the retinae . I-'or example, 

amphibians and some reptiles have phot oreceptor cells in their 

subcutaneously located pineal glands (C ollin, 1 971 ; Oksche,  1 971 ) . 
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The role of the pine al in reproductive regulation is e laborated later.  

Extraretinal receptors in the house sparrow have been  described by 

Menaker ( 1 974) : light entrainment of locomot or activity in these birds 

pers isted when they were blinded and the feathers plucked fro� the top 

of the head, but was lost when India ink was injected under the head 

skin. Also Reiter ( 1 973�) has s uggested that in rats responses to  

cons tant light involved non-retinal photoreceptors , or  possibly even a 

humoral agent .  

Some attention has focussed on the possibility that light m� 

reach neural structures in the brain directly. Benoit and Assenmacher 

( 1 959) produced gonadal stimulation in blinded ducks by directing light 

into  the pituitary, Qypothalamus , or rhine nce phalon. Using glass rods , 

Lisk and Kannwischer ( 1 964) directed light on to the s uprachiasmatic 

region of blinded rats and produced a constant oestr�m-like vaginal 

response . This result may have been due t o  the local Hpplication of 

heat, especially in view of the lack of photopigments or morphological 

photorecep;or units in this region, and the fact that exposure t o  intense 

light had no effect on blinded rats (Wurtman, 1 967) . Penetration of 

light into the brain has bee n  established by Ganong et al. (1963), who 

recorded responses from a light-se nsitive ce ll placed into the 

temporal lobe and hypothalamus of sheep, dogs , rabbits and rats. 

Responses to  external light were abolished when aluminium foil was 
place d over the skull. Visible light, particularly red, can penetrate 

the skin readi�, and eve n ultraviolet light can reach superficial 

capillaries where unknown e ffects of s olar radiation may occur (Daniels , 

1 974) . 

For changes in daily photoperiod to  regulate the seasonality of 
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reproduction, mere perce ption of light m� not provide s t�fic ie nt 

informat ion. Menaker ( 1 971 ) summarized this topic : tt ! n  mos t of the 

photoperiodic sys tems which have bee n  i nv e s t igated in any detail the 

_ organism appears t o  me asure daylength not by meMuring the le ngt h  of 

the light period, nor by measuring the length of the dark period nor 

again by me as uring t he rat io of the light pe riod to  the dark period. 

Rather, organisms dis t i nguis h betwee n induc t ive and non- i nduct ive day

le ngths by ass e ss ing whe ther or not light is pres e nt at a particular 

phase point on a n  e ndoge now c ircadian rhythm of s e ns it ivity t o  its 

induct ive e ffe c t s . "  This me chanis m was first post ulated by Erwin 

BUnning and re ce ntly has re c e ived s upport (Farner and Lewis , 1 973 ; 

Fo llett , 1 973 ; Gwinner, 1 973 ; Loft s and Lam, 1 973 ) as an explanation 

for the c o ntrol of annual rhythms of reproductive activity in birds . 

This mechanism deper�s o n  the exis t e nce of a circ adian rhyt hm on which 

t he a nnual s e as o nal change acts as an e ntraining age nt - ofte n termed a 

Z e itgeber. 

Possible me chanisms for phot ic c ontrol of annual e ndocrine 

rhyth ms in mammals we re liste d by Wurtman ( 1 967) and included : firs t ly ,  

a res ponse to  increased light ( or dark) period; secondly, a resp onn e  t o  

a ny  light period exceedi ng a critic al le ngth ;  and finally a re spor�e 

following a s e t  number of c onse c ut ive light-dark s e que nces . Alt hough 

Amoros o  and Mars hall ( 1 960) , Farner ( 1 961 ) and Wurtman ( 1 967) rev iewed 

literature s h owing that the reproduc t ive system of the ferret responded 

whe n it had received s�ficie nt light exposure ,  they pointe d out that 

the interve ning periods of darknes s were e qually important . This 

s ugge s ted that a me c hanism s im ilar t o  the final propos al of Wurtman 

( 1 967, above ) may be pre s e nt in ferre t s .  

A number o f  other quest ior� relating to the me c hanis m of action 

o f  light remain un a n s w e r e d . These have bee n  outlined by Bowman ( 1  97.3 ) 

and i nc lude the ques tion of whe ther phot operiodic c hanges are 
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stimulat o�, inhibit o�, or both. Als o ,  t he re has bee n  no explanat ion 

for the fact that after prolo nge d exposure t o  c ontinuous illuminat ion or 

c o nt inuous darknes s , s ome mammals be c ome re fract ory t o  tre atme nt and 

re -establish t he ir normal cyc lical act ivity . 

A ma jor critic i sm of the v ie w  that light has dire ct i nflue nces 

o n  e ndocrine funct ions has be e n  t hat light als o influe nce s  the mus c ular 

activ ity, wake fulne s s ,  and fe eding habits of mos t animals , s o  t hat any 

e ffe ct on t he re productive sys tem may be the re s ult of s uc h  act iv ity, 

and only aris e indire ctly from light per se . Evide nce agains t this 

critic is m  has bee n rev iewed by Amoros o and Marshall (1 960) and Wurtman 

( 1 967) who c ited expe rime nt s  in which t hese othe r  fact ors c ould not 

ac c ount for the e ffe cts of light . Neverthe les s ,  indirect i nflue nce s  

mus t be borne i n  mind whe n experime nts inv olving light ing e ffe cts are 

be ing evaluated. 

(b) Photoperiodic ity of ReEroduction in Mammals . Literat ure o n  

the effe cts o f  light on reproduc t ion is now exte ns ive and has bee n 

reviewed for animals ge nerally (Hammond, 1 954; Farner,. 1 961 ; Critchlow, 

1 963 ; Wurtman, 1 967;  Luce , 1 971 ) and for domestic animals ( Ye ates , 1 954; 

Dutt, 1 960; Ortavant , Maule on a nd T hibault, 1 964; T hibault et al . ,  
--

1 966 ) .  Re s e arch o n  this t opic has i nv o lved studies of the re product ive 

e ffe cts o f  b oth natural and art ific ial light ing .  

(i) E ffe cts o f  Natural Ligh� ing. T he fact that s e as onally 

bree ding animals whic h originated in the Nort hern Hemis phe re bree d during 

the s ame s e as ons in t he S outhern Hemisphere , is g ood e vide nce that s uc h  

animals res p o nd t o  photoperiodic influe nces ( Mars hall, 1 937) . 

As the amplitude of s eas onal phot operiodic c hange s is gre ater at 

higher lat it ude s ,  a greater degree o f · s e as onality of bre e di ng may be 

expected from animals l iving in s uc h  re gions . This deduc t i o n  was made 

b,y Hafe z (1 952 ) in a n  exte ns ive review of the t opic ; . he c o nc luded that 

wild s he e p ,  goats and t har have a re s tric t e d  breeding s e as on, t he le ngth 
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of whic h is depe nde nt on the latitude of the place of origin of the 

s pe c ie s  or bre ed. In domes tic s heep the bre ediJ� seas on get s 

gradual� s h orter ne arer the poles ,  eve n for a particular bree d. 

The occurre nce of polyoest rous ewe s increase �  with dome s tication and 

in e quat orial regions . S imilar re lations hips betwe e n  the timing and 

length of bree ding s e as o ns ,  and lat itude , have be e n  des cribe d for 

both s exes of fox (Lloyd and E ng lund, 1 9 73),  and the rock hyrax 

(Millar and Glover, 1973 ). O n  t he other ha��. Fletcher (1 9 74) 

reported that red de e r  have the s ame breeding s e as on in the Northern 

Hemisphere regardle s s  of the lat itude and that there was no incre ase 

in the le ngth of the bree ding s e as o n  ne arer the e quator. 

Williams (1975) re ce ntly publis he d data from Britis h  breeds of 

s he e p  maintaine d at Pasto, C olumbia, S outh America ( lat . 1 °  N), which 

has a temperate climate be c aus e  of its e levat ion, but neverthe les s  an 

e quat orial photoperiod. Over a two year period the dates of onset of 

mating act ivity were gradually but s ignificant ly adv ance d in ewes o f  

We ls h Mountain, S c ottis h Blackface , and North C ountr,y C hev iot breeds ,  

but not in Romney Marsh, Dorset Down or Border Le ices te r ewe s .  It 

mus t be noted that the latter t hree bre e ds were not ke pt at quite the 

s ame lo c ation as t he forme r. William8 s ugge s ted t hat the res ults were 

due to the lack of fluctuat ion in the phot operiod. 

Onset of oes trus in Rambouillet ewe s was approximate ly two months 

e arlier in Texas than in Idaho (H ulet et al. , 1974), however the tw o  

locat ions did have differe nt altitudes and annual temperature changes . 

Wodz icka-T omas zewska, Hutchins on and Be nne t t  (196 7)" indicated that 

revers al of thermal seas ons had no e ffect on bree ding in ewes maintained 

o n  a n  e quatorial lighting re gime , thus tempe rature differe nce s  probably 

did not account for the re s ults of Hulet e t  al. 

Be cause s uc h  experime nts do not allow evaluation of the 

reproductive e ffe cts of photoperiodic changes in is o lat io n from changes 



in other factors, precise informat ion can be derived only from 

experiments using c ontrolled c onditions and artific ial lighting. 

( ii) Effectn of Artific ial Light i�. Research on the 

reproductive response s  of bird!J to art ific ial lighting re t;imes has 

bee n reviewed � Follet ( 1 973 ), while earlier, Critchlow ( 1 963 )  

summarized similar work o n  rode nts . I n  ge neral, light stimulate d 

the gonads of these animals as long as it was periodic . 

Work in which domes t ic animals were sub je cted to artificial 

lighting has been reviewed by Ortavant, Maule on and Thibault (1 964) . 

They found that provision of additional periods of lighting 

s t imulated the reproductive sys tems of horses , pigs and cattle . 

Kordts and Gravert {1 972) have s ince found that e ightee n  hours of 

light per day caus e d  a reduc tion in conception rate in c ows , which 

sugges te d  that there is a limit t o the amo:mnt of s upplementary 

illumination which will s timulate the reproductive system in this 

spe c ies . 
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I n  the c ase of autumn breeding animals , decreas ing phot opcriods 

brought forward the oe strous period in goats ( Ort av ant, Maule on and 

Thibault, 1 964).  Reversed lightir� re gimes reverse d  the antler cycle 

in deer, whereas a c onstant twe lve hours per day lighting reg ime 

abolished the antler cycle (Goss , 1 969!_, �). C onsiderably more data 

has been obtained from experime nts on s heep. 

Ewe s .  - Ovine re search up to 1 954 was reviewe d by Yeate s ( 1 954) 

and Hammond (1 954) .  More recent rev iews have bee n provided by 

Ortavant, Mauleon and Thibault {1 964) and C legg and Ganong ( 1 969). 

General findings of these reviewers have be e n  that decreas ing daily 

lighting regime s ,  or daily photoperiods les s  than twelve hours , 

stimulated the onset of oes trous be hav i our. These c oncl\Ul ions have 

bee n  confirmed � Newt on and Betts ( 1 972), Ducker, Bowman and Temple 

( 1 973) ,  Ducker and Boyd ( 1 974), � H orak ( 1 974) . 
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B,y c ompre s s ing the normal annual phot operiodic rhyt hm i nt o  s ix 

months , Maule on and Rouge ot (1 962 )  induced two breedir� s e as ons per 

year in ewes of various Fre nch breeds . Peaks of breeding act iv ity 

c orre s ponde d  to the l onge s t  da i ly phot ope riods , wh:i.ch contras te d  with 

the normal autumn bree ding s e as on of t hese ewe s . However, Wil lia.ms 

and Jacks on ( 1 971 ) found that s upplement ary  light ing during t he 

s ummer also advanced t he date of first oes trus in ewes . On the other 

hand, Will iams (1 974) and Wil liams and Thwaites (1 974) have s ince 

reporte d t hat daily photoperiods above twe lve hot�s per day tended t o  

s uppre s s  oestrous ac t iv ity. 

T hwaites (1 965 ) reverse d t he bre eding pattern of S outhdown ewes 

by us i ng a revers e d  light ing regime , while the pattern was abolis he d 

in an eve n (e quat orial) re g ime . A marked de cline in ovulation rate 

occurred whe n Rambouille t ,  Targhee and C o lumbia ewe s were exposed 

c o nt i nuous ly to a light ing regime of two hours light and two hours 

dark (Hulet, Price and Foote , 1 968) ; t he e ffe ct of c o ntinuous darkness 

be ing intermediate betwee n t his tre atme nt and normal light i1� . 

T o  date , the only e ndocrinologic a l  s t udy of ewes unde r artific ial 

light ing was reported by Palmer, H owland and Ibrahim ( 1 972) . T hey did 

not find any s ignificant differe nces in s erum LH levels betwee n 

We st ern White face e wes on rapidly reduc ing daily pho tope riods or t h ose 

on gradually de cre as ing phot operiods ; ne it her were there any 

differe nces in t he dates of o ns e t  of breeding ac t iv ity. 

Knowledge of the photope r iodic re s pons ive r2 s s  of ewe s  has bee n 

ut ilis e d  as a means of produc ing lambings every seven or e ight months 

after expos ing ewes t o  regime s  of decreas ing art ific ial light (Williams , 

1 970 ; Ducker and Bowman, 1 972 ; Ducker, 1 974) .  Likewise Newton and 

Be tt s  ( 1 972 ) have reduced the interval from parturit ion t o  the next 

c once pt ion. 

Semen Produc tion in Rams . Res ults of inv e s t igat ions int o 
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artific ial photoperiodic influe nces o n  seme n produc tion in rama have 

been reviewed by Ye ate s  ( 1 949) ,  Ortavant ,  Maule o n  and Thibault ( 1 964) , 

and Lodge and Salisb� ( 1 970) . In  most cases , decre as ing the photo

period had favourable i nflue nces on both androge n-product ion re lated, 

and spermatogenic, characteristics of seme n, whe re as increas ed 

illuminat ion had de le terious e ffe c t s  on seme n product ion. 

Incre ased libido als o has be e n  report ed in rams s ub je cted to  

decreas ing lighting regimes ( Moule , 1 950, Bruckner, 1 972 ; S . J  • .Miller, 

pers . c omm . ) . 

By us ing light ing re g imes in which the annual phot operiodic 

cyc le was c ompre ssed int o  s ix months , Jackson and Williams ( 1 973 ) 

obtained cyc lic changes in s eme n production from Suffolk rams which 

c orre s ponde d  to the lighting cyc les . The normal annual fluc t uat ions 

pers isted1 s uperimpos e d  on the s ix-monthly cycles,  although they 

diminis hed during the experime nt .  

Fre nch workers have re ported the e ffe cts o f  differe nt light i ng 

regimes on spermatogenesis .  T he Feulge n-DNA cont e nt of germ c e lls 

from ralll8 s ubmitted t o long daily phot operiods was lower than t hat 

from rams s ubmitted t o  short phot operiods (Es nault, Fautre z and 

Ortavant, 1 964) . The decrease in Fe ulge n-DNA corre sponded with an 

increased number of dege nerating s permat o z o a .  

Ortavant and h is c olleagues (Ortavant, 1 956, 1 959, 1 961 ; 

Ortavant and Thibault, 1 956 ; Ortavant ,  l!aule o n  and Thibault , 1 96l�) 
have us e d  lighting regimes which c ompress the annual cycle int o  s ix 

months . Such " s horte ned" photoperiodic cycles were c hos e n  s o  t hat 

artific ial lighting experime nts c o uld incorporate more than one cyc le 

per year o f  study. These authors have shown that there is a de lay of 

about forty- eight days betwe e n  the initiat i o n  of spermatoge ne s is and 

the liberation of new spermat ozoa from the s eminiferous t ubule s .  

This res ult muat be take n into ac c ount whe n  c onclua ions about 
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s permatoge nic activ ity are t o  be made on tho bas is of s e me n  

examinat ions or e s t imates of s pe rmat o z oa l  s t ore s ,  as the s pe rmat oge nic 

s tatus of rams may re fle ct eve nts whic h occurred s ome t ime previous �. 

By quant itative s tudies of the s pe rmatoge nic epithe lium the s e  authors 

have be e n  able t o  determine that the optimum daily phot operiod f or 

spermat oge ne s is in Ile-de-France rams was be twee n te n and twe lve hours , 

provided that t he rams had be e n  expos e d  to longer dai� phot oper iods 

· be forehand. An important finding of t hese workers ha8 be e n  that t he 

maximum rate of s permat oge ne s is can not be sus ta ined for any le ngth 

of t ime .  T he reas on for this has e luded them. 

Sex H ormone Levels i n  Rams . S oay rams d is p layed marke d 

e levat ions in p lasma lli levels followed by s imilar e levat io ns  in 

p lasma test osterone leve ls whe n their daily light ing s c he d ule was 

re duced from e ightee n hours t o  e i ght hot�s ( Lincoln, 1 976�) . 

Pe lle t ier and colleagues have de s cribed marke d e ffe cts of d iffere nt 

light ing re gimes on pit uit ary leve ls o f  FSH and LH, as we ll as on 

plasma leve ls of prolactin and LH in rams of Fre nc h bre e ds . The 

p ituitary c ont e nt of FSH and lli was gre ater in rams exp os e d  t o  e ight 

hours of light per day rather than to  s ixtee n hours per day ;  als o 

f orty-e ight hours of c o ntinuous l ight caus e d  a marked reduc t i o n  in 

pituitary leve ls of the g onad otrophins (Pe lle t ier and Ortavant , 1964). 

T he authors s ugge s ted that light stimulated t he re le as e  of hormones 

from the pituitary but inhibit e d  synthes is ,  which was fav oured by 

darkness . 

Whe n the normal annual photoperiodic cycle was c ompre s s e d  to 

six months , plasma LH leve ls de creas e d  w i t h  increasing photoperiod, 

but t he n  s howed a short-lived, marke d e levat ion whe n the photoperiod 

began to de crease ; the reafter plasma LH leve ls de c lined unt i l  the 

photoperiod reached m inimum leve ls . The s ame pattern of res pons e  was 

s e e n, but with higher hormone leve ls ,  in cas trated rams ( Pe lle t ier, 
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1971 , 1 972 ; Pe llet icr and Ortavant, 1975!:,). A change in daily 

photoperiod from e ighteen hours t o  e ight hours ir�uced a rise in plasma 

FSH and LH leve la in Soay rarns ( Linc oln, 1 976.E) , this be ing the first 

report of lighting e ffects on FSH se cre tion in rams . In c ontras t t o  

FSH and LH ,  p lasma prolactin leve ls exhibited a pos itive re lat ions hip 

wit h the le ngth of daylight (Pe lletier, 1 973).  

Pe lle t ier and Ortavant (1975�) found that intramus c ular 

inject ions of tes tos teror� propionate were more e ffe ctive at inh ibit ing 

LH re lease in rams on s ixte e n  hours l ight per day than in rams on e ight 

hours light per day. T hey pos tulated that , in rams a de cre as ing light 

photoperiod acts in two ways 

( 1 )  by s t imulatiP..g the act iv ity of the hypothalamo-hypophys ial 

system, 

(2) by de cre as ing the inte ns ity of tho ne gat ive fe edback e ffec t  

of steroids . 

(2)  T e mperature 

The e ffects of temperature on mammalian reproduction have been 

reviewe d by Dutt (1 960) and VanDemark and Fre e (1970). 

Most interes t in the d ire c t  e ffects of temperature o n  

r�production has be e n  re l ated t o  its de leterious e ffects rather than t o  

any regulatory or controlling capac ity it may have o n  animal reproduction. 

Plant growth, however, is de pe ndent on the annual cycle of temperature 

c hange s ,  e spec ially in the temperate regions . Temperature e ffects 

on p lant growth may influence animal reproduct ion through effects on 

nutrition (see next sect ion) . 

0 
Whe n ambient temperature rises above about 31 C ,  bo� 

temperatures o f  animals will als o rise , and to prevent hyperthermia, 

me tabolic act iv ity bec omes de pressed. Uooer s uc h  condit iona adverse 

e ffects on the reproduc tive tract may be obse rv e d  in bot h males and 

females.  
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I n  males effects of hypert hermia on tes t icular func t i on can be 

limited by the heat-regulat ing ability of the s crotum, the me chardsm 

of w h i c h  has bee n studie d in the ram (Waites and Moule , 1 961 ) .  The 

s crotum provides a me c hanis m for is olat ing the tes t e s  from t he higher 

bo� temperat t�e by relaxat ion of t he dart os and cremas ter mus c les which 

lower t he tes tes away from t he body and thin t he s crotal skin. A 

c ounte rcurre nt heat-exc hange s ys tem operates betwee n the internal 

s permat ic artery and pampiniform plexus in the s permat ic c ord. H eat 

is als o lost from the s crotal skin by the evaporat ion of sweat .  T he se 

me c hanisms us ually e ns ure that t he te stes are held at a temperature 
0 about 4 C lower t han the re ctal temperatt� . This me c hanism can not 

operate in cryptorchidism, nor if t he s crotum is i ns ulated such as by 

the pre sence of exce s s  wool. 

I n  rams the detrime ntral e ffe c t  of high ambient temperature s on 

semen p:=-oduct ion has bee n te rmed " s ummer sterility" . The general e ffec t 

on test icular func t i o n  is impaire d s permatoge ne s is and a ndroge n 

production ( Game s and J ohns on, 1 967;  Waites and Ortavant , 1 969) . 

These effects of elevated temperatures can als o be produced by 

heati ng the s crotum dire ct ly. I n  e arly st udie s  o n  the direct e ffec t s  

of he at on the scrota of various mammalian s pe c ies , temperature s 
. 0 0 

betwee n 44 C and 50 C were used (VanDemark and Free , 1 970) . S uch 

temperatures would have impaired tes t icular funct ion as
. 

a c o nse que nce 

of i nhibiting e nzyme systems . It has s ince bee n s h own t hat 

temperature s at or near body temperature are s ufficie nt to impair 

testicular funct ion in rams ( Glover, 1 955 ; Fowler and Dun, 1 966) . 

Dutt (1 960) suggested that s ome e ffe cts of e levated temperatures 

might have aris e n  indirectly from hypothyroidism suc h  temperature s 

would have produce d. Treatment o f  s uc h  cas e s  with thyroxine , however, 

has produc e d  equivo c able re sults . Other indire c t e ffects c ould have 

arise n from depres se d  food intake . For example , Ne ws ome ( 1 973 ) 

postulat e d  that the de leterious effects o f  hot we ather on 



s permatogenesis in red kangaroos res ulted from the combinat ion of 

raised temperatures and reduced food intake , due to the fact that 

these animals remained prostrate on hot days instead of fee di ng .  

Als o the availability of green fodder was reduced because of the dry 

conditions prevailing. 
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Although the clas s ic effect of elevated non-lethal ambient 

temperatures is impaired reproductive function in the male , Dutt ( 1 960 )  

has reviewed evidence of effects on  female farm animals , particularly 

the ewe . He reported that e levate.d temperatures caused de layed onset 

of oestrus, lowered fertilization rates , raised percentnges of 

abnormal ova, and increased embryonic deaths . 

Effects of cold temperatures on  testicular function are much less  

severe than those of high temperatures and are only manifes t  ne ar  

freezing point (Var�emark and Free,  1 970) . On the other hand Dutt ( 1 960 )  

claimed that the effects of cooler  temperatures on ewes may provide a 

mechanism for controlling the onset of the breeding seas on. 

During the summer months in Kentucky twenty Hampshire-cross 

Western ewes held in rooms at 45°F t o  48°F came into oestrus about e ight 

weeks earlier than control ewes which experie nced an average maximum 

daily temperature of 88. 7°F ( Dutt and Bush,  1 955) .  In the same 

experiment Southdo\vn rams housed at the lower temperature produced seme n 

with a significantly higher per cent motile spermatozoa and a lower per 

cent abnormal spermatozoa than rams at ambie nt temperatures .  The 

authors . concluded that the reduced temperature preve nted summer 

sterility in the rams , but did not consider that a s imilar explanation 

applied to the earlier onset of oestrus in the ewes . They als o over-

looked the poss ibility that the presence of oestrous ewes in the c ooled 

rooms may have influenced seme n  quality. 

As there have been few experiments which confirm or refute the 

findings of Dutt and Bush, the role of annual temperature changes in 
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c ontrolli ng the s e as oJ4�lity o f  re pr oduct i o n  i n  animals remains unc lear . 

H owever C legg and Ganong ( 1 969) s tated that although temperature was an 

e nv ir onmental fac t or modifyir� re produc t ive activ ity, its role was of 

s e c ondary importance in b irds and most mammals • .  

(.3 )  Nutrition 
Nutrit i onal effects o n  re product io n  in d ome s t ic animals have bee n  

re v iewed by Re id ( 1 960 ) and Mous tgaard ( 1 969 ) ,  i n  male animals by 

Le athe m ( 1 970) , and i n  s he e p by C l oe te ( 1 972 ) .  The deve lopme nt and 

funct ion of t he female reproductiv e  system are impaire d by underfee ding. 

C o nvers e ly, i ncre as e d  ov ulat i on rates can be obta i ne d  by providi ng 

incre ased food s upplies for a certain period prior t o  bre eding. 

In male animals , reduct ion i n  both tes t icular function and 

s exual activ ity re s ults fr om underfee ding . Parker and Thwaites ( 1 972 ) 

rep orted the effects of fe e ding die ts at s eve nty-five per c e nt and fifty 

pe r cent of mainte nance to rams ; libido, as as se s s e d  by re act ion t ime ,  

number o f  mount s  per e jaculate , fre que ncy o f  failure t o  e jaculate , and 

v igour of the e jaculate� thrus t ,  was progre ss ive ly a nd marke dly depre s s e d ;  

s eme n quality was als o  reduced. 

Acc ording to the reviews by Mous tgaard ( 1 96 9)  and Leathem ( 1 970) , 

undernutrit ion c auses reduce d produc tion an�or re le ase of gonadotrophins 

and/or hypothalamic hormone s . As a c o ns e quence o f  the lack of  

g onadotrophi c  s t imulat ion, reduc t i o n  i n  gonadal activ ity follows . T h is 

t he or,y was c ontested by G ombe and Hans e l  (1 973 )  who reported that while 

restricted e ne rgy intake in he ifers produced ovarian hypofunc t ion, 

plasma Ui levels were e levated. They s uggested that undernutrition 

preve nted ovarian tissue from re sponding to gonadotrophic s t imulat ion. 

Alth ough major c hanges in the s upply of food can alt er 

reproduc t ive funct ion in graz ing a nimals , the re is no ev ide nce that 

nutrHion is i nv olve d i n  the s e as o nality of reproduction in s uch animals . 

On the other hand, s ome de s e rt dwe lling spec ie s  are opportuni s t ic rather 



than s e as o nal bre e de rs , pos s ib ly because the ir nutrit ion s upp ly is 

very de pe nde nt on rainfall in the des e rt re g i o ns . 

(4)  Olfact i o n  · 

Although external fac t ors s uch as light and nutrition provide 

prim� i nformat ion about s e as o ns ,  finer s ignals may be re quired t o  

synchronize reproduc t ive be hav iour in groups o f  animals , a nd bP. twe e n  

the two s e xe s .  I n  ungulate s  s uch s ignals i nv o lve tact ile , aud i t o�, 

visual and olfact 017 st imuli ( Fras er, 1 968) . C o ns ide rable int e re s t  

has c e ntred on o lfaction whic h has be e n  pre s umed to provide a 

s ignificant e nv ironme ntal s t imulus t o  be hav ioural arrl e nd ocrine 

responses c oncerne d with reproduc t ion (Whitt e n  and C hrumplin, 1 973 ) .  

The re lat ions hip betwe e n  olfac t ion and reproduction has been s t udied 

in de pth in mice and three dist i nct reactions reported. T he s e  are 

( a) tho Le e-Boot e ffe c t  - i nhibit ion of oestrus in female s ke pt 

apart from males 

(b) the Whitte n e ffe ct - s t imulation of oe s trus by the odour from a 

male ; and 
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( c ) the Bruce e ffect - blocking of pre gnancy by the odour of a s trange 

male ( Mykytowyc z ,  1 973 ) .  

The s ubstances i nv o lved in s uc h  o lfact ory e ffe cts have be e n  termed 

pheromones (Whitte n, 1 966 ;  Bro ns on, 1 971 ) and are pre s e nt in urine 

and s e cre t i ons o f  the cutane ous gland3 of mos t  animals .  The pre c ise 

chemical nature of the pheromones influe nc ing reproduction in h igher 

animals has not bee n  e luc idated. T here is s ome evide nce that steroids 

or the ir me taboli tes may be ill'r olve d, however J ones and Nowell 

(1 974) c laime d that the five d� del� be fore administrat ion o f  

androgens produc e d  urine with avers ive prope rties i n  mice indicated 

that product ion o f  a new c ompound, rather than an andr oge n me t ab olit e , 

was respons ible . 

Much evide nce re lat ing t o  the role ot• olfact o17 s t imuli in 
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reproduct ion has bee n obtaine d  from studie s  w ith anima)� which have had 

their o lfact ory bulbs extirpated, or wh ich have bee n re nde red anosmic 

by chemical means . Removal of the olfact ory bulbs produced ovarian 

atrophy and infert ility in female mice ( Wh itte n, ·1 956 ; Lamond, 1 958) 

and terminated sexual be haviour i n  male golde n hamsters ( Lisk, Ze is s , 

and Ciacci o, 1 972 ) .  Fre nch workers have s hown that olfact ory 

bulbe cto!I\Y of Large White s ows inhibited oes trous activity by 

interfering with pituitary dis c harge o f  FSH ( S ignore t , 1 96l1- ; Maule on 

and S ignoret, 1 964 ) . 

Attention has focussed on sheep s ince S c hincke l (1 954 ) reported 

that t he pre sence o f  rams early i n  the bre e ding s e as on advanced and 

synchronised the firs t oestroU3 cyc le . The e ffec·ts of olfac t ory 

bulbe c t omi z ing I le-de -France ewes were inve s t igated by S ignore t ( 1 964) 

and Maule on and S ignoret (1 964) , who reporte d  that normal oes trous 

cycles c ontinue d. I n  c ontrast Morgan, Arnold, and Linds ay ( 1 972 ) 

reporte d a s ignificant drop in the number of Border Le icester or Merino 

ewes which mated after olfact ory bulbectomy. 

Olfactory s timuli may play an important role in the mat i ng  

behav iour of rams , but deprivat ion of the olfact ory se ns e doe s not 

ne c es_sarily preclude s uccess ful mating . Lindsay ( 1 965 ) re ported t hat 

olfact ory bulbe ctomiz e d  Merino rams c ould only d is t inguish betwe e n  

non-oes trous and oe s trous ewes by attempting to mount them, s uc c e s sfully 

mating those ewes which did not m ove away. Whils t  their mat ing ability 

was s imilar t o  that of normal rams , mating behav iour was modifie d i n  

that there w as  an incre as ed dis play of nudging .  Earlier Banks ( 1 963 ) 

had re p orted a s imilar result from rams re ndere d temporarily anos mic 

with local anaes the tic s pray, but Rouger ( 1 973 ) found that this type of 

treatme nt reduced sexual act iv ity of rams . 

Perception of olfactory s timuli i nv olves the olfac tory organ 

system which has a number of d is t i nc t and s e parate compone nts - name ly, 
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the olfact ory nerve sys tem ( olfactory sys tem ) , the vomeronas al sys tem, 

the trigeminal nerve sys tem and the nervus terminal is system ( Albert a ,  

1 974) .  T hi.s author pointed out that removal o f  t he olfac tory bulbs 

i nterfere s with all the above sys tems , as we l l  &� caus ing widespre ad 

damage t o  other regions of the brain. Thus in the experiments 

involving olfactory bulbe ctorny, it is not p os s ible t o  determine whic h 

component ( s ) o f  the o lfactory organ sys tem we re primarily res pons ible 

for the results obtainad. 

There has bee n a recent upsurge of interest in t he pos s ible 

role of the vomeronas al organ (Jac obs on' s organ) in t he percept ion of 

pheromone s .  Estes ( 1 972 ) rev iewed th is t opic and s ugge s te d  that t he 

" fle hme n" re s p o ns e  of mos t ungulates whe n exposed t o  the odour of 

c ons pe c ific urine ,  repres e nt e d  a me chanism by which air c ould be 

drawn i n  through the inc is ive ducts over the vomeronas al organ. The 

charact e r is tic lip c url as s oc iated with f le hme n blocks the external 

nares t o  as s ist this air mov e me nt .  

Re cent ly Powers a nd  Winans (1 975 )  were able t o  deaffere nt the 

vomeronas al system w ithout disturbing the o lfactory system in the male 

hams te r .  C utt ing the v ome r o nas al nerv es produce d severe sexual 

behav iour de fic its in one- third of the treated animals . All s exual 

act ivity was e liminated whe n this treatme nt was combine d  w ith 

des truc t ion of the olfac tory epithelium by z inc s ulphate , a res ult 

comparable t o  the e ffects of olfact ory bulbectomy . T here have bee n  

no reports of s imilar experime nts in domestic animals . 

On the bas is of the lite rature available , it is poss ible t o  

s ugges t  that olfaction may be involved in the s e as o nal ity o f  re produc tion 

in ewe s ,  but there is little ev idence to indicate a s imilar funct ion of 

olfaction in rams . 

( 5 )  Other fact ors 

It has bee n  difficult t o  evaluate the re lat ive importance of 



o lfac t ory s t imuli as c ompared to audit ory or v is ual s t imuli, or 

s oc ial c ont ac t ,  in the induc t io n  of re product ive act iv ity during the 

breeding seas on of any s p e c ie s . The role of these s t imuli, plus 

ge nit al manipulat ion, i n  reproductive proces s e s _ has be e n  dis c us s e d  

by C legg and Doyle ( 1 967) . T hese auth ors c oncluded that although 

the e v ide nce for a role se emed irre futable ; these s e ns e s  involved 

were interre lated, but no one o f  the m  was abs olute ly e s s e nt ial. 

The exte nt to which the s e  s t imuli are i nv olved in the induct ion of 

s e as onal reproduc t ive act iv ity, � dist i nc t  from reproduc t ive 

behav iour w ithin the breeding s e as on, was not made c le ar  by t hese 

authors . 

Fle tcher and Linds ay (1 968) s h owed that the s e xual ac t iv ity 
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o f  rams was affe cted s lightly by los s o f  he aring, more by inability t o  

sme ll, and most by loss of vis ion, but part:ner seeking was affe cted 

spe c ifically only in those rams unable t o  sme ll. 

On the evide nce available it is as s umed that the fact ors 

me nt ioned in this se ction are less important than l ight , temperature , 

nutrit i on and o lfact io n, in t he c ontrol o f  s e as onal breeding patterns . 

3 .  NEUROENDCCRINOLCGY OF REPRODUCTION I N  MALE MAMMALS 

(1 ) Gene ral 

The reproductive sys tem of mammals is c ontrolled by ne ural and 

hormonal interact ions betwe e n  the �o thalamus , anterior p ituitary, 

and gonads . These interact ions can be influe nce d
. 

by s t imuli from 

other neural structures, us ually act ing at the leve l of the hypothalamus , 

aa well as by other e ndocrine organs . 

( 2 )  Hypot halamus 

The hypothalamus re leases one or more rele as ing h ormones from 

nerve e ndings in the median emine nce . It/they are t rans ported by the 
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qypothalamo-hypophys ial sys tem t o  the anterior pituitary t o  ca� e  the 

synthes is and re lease of g o nadotrophins . S e cretion of re leas ing 

hormone ( s )  from t he hypothalamus , as we ll as of gonad otrophins from 

the anterior pituitary, can be inhibite d by the ne gative fe e dback of 

the s e x  steroids , although t here are c irc ums tances in which a pos itive 

fee dback c an occur. 

( 3 )  Hypothalamic Regions Involved in Gonad otrophin Re lease 

Experiments involv ing pre c is e �  placed e lectrochemical stimuli, 

and in vitro as s�s of frozen sect ions of hypothalamic tissue ,  have 

s hown that gonadotrophin re le as ing act ivity was localized in a band of 

tis s ue exte nding from the preoptic area ( POA) , through the anterior 

hypothalamus t o  the medial basal hypothalamus ( MBH) , in the region of 

the arcuate nucleus and median emi ne nce ( McC ann ��. , 1 973 ) .  

Conversely, inhibition of gonadotrophin re lease has resulted 

from the production of e le ctrolytic le s io ns ,  or placeme nt of implanta 

of inhibitors of prote in synthe s i s ,  i nt o  these hypot halamic areas 

( Motta, Piva, and Martini, 1 973 ) .  The majority of these s t udies have 

be e n  performed on laboratory rats but s imilar observations have been 

made on rabb its , guinea p igs , ferrets , dogs a nd  monkeys ( Barraclough, 

1 973 ) . 

(4) Extrahypothalarnic Areas Inv o lved in Gonadotrophin Re le as� 

The inv olveme nt of extrahyp ot halamic areas in p ituitary 

gonadotrophin regulation usually has bee n studied by the technique of 

surgical deafferentation of re gions of t he hypothalamus us ing the 

knife developed by Halas z and colleagues (Halasz and Gorski, 1 967; 

Davidson and Bloch, 1 969 ;  Gorski, 1 971 ;  Barraclough , 1 973 ) .  In  the 

female rat the MBH, which includes the ventromedial and arcuate nucle i, 

s t imulate s  a t o nic basal leve l o f  gonadotrophin re le as e , eve n  when 

completely deaffere ntated.  However, mas s ive re le ase of gonadotrophins ,  



8Uch as precedes ovulat ion, requires the integrity of afferent 

neurons from the POA. The POA thus provides the stimuli for the 

ovulatory release of LH, and is als o the s ite at which other neural 

stimuli which modi� gonadotrophin release,  are integrated in both 

sexes . 
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Recent work has shown that the rhesus mor�ey differs from the 

rat in that the control systems which govern both tonic and surge 

secretion of gonadotrophins are reside nt in the 1mH, and do not 

require aqy s ignal from the POA to initiate ovulation ( Knobil, 1 974) . 

( 5 )  Mechanisms of GnRH Re lease 

The release of gonadotrophin releas ing hormone (GnRH) from the 

hypothalamus into  the hypothalamo-hypophysial portal system has bee n 

claimed t o  involve catecholaminergic, cholinergic, or indoleaminergio 

neural mechanisms (Kamberi, 1 972 ) .  Using intr aventricular infusions 

or systemic injections, as well � in vitro studies,  this author was 

able to demonstrate that the catecholamines ( particularly dopami1� ) 

stimulated the release of gonadotrophins in the rat � Further, 

blockage of the proe strous surge of LH and FSH by atropine indicated 

a stimulatory role for the cholinergic system, whereas the 

indoleamines, serotonin and me latonin, were inhibitory. 

Serotonin levels in the median eminence of the ewe were s hown 

to be low when LH was being released from the pituitary, supporting 

the hypothesis that serotonin is inhibitory to  GnRH release (Wheaton  

et  al. ,  1 972) .  It has been suggested that compounds , such as the 

biogenic amines, may be secreted into the cerebrospinal fluid by 

neural structures distant from the hypothalamus , to reach the median 

eminence by way of the third ventricle (Anand Kumar, 1 973 ) .  

C onsequently interest  has c oncentrated on the epen�al c�lls lining 

the ventricle in the region of the median eminence (Gorski, 1 971 ) . 

These ce lls m� be s pecialized for absorption of substancen such as 



the biogenic amines from the cerebrospinal fluid, and thereby 

provide a means for stimulating ( or inhibiting) the GnRH release 

mechanism. 

( 6 )  Negative Feedback of Steroid� 

Research by several workers , summarized by Barraclough 
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( 1 973 ) ,  has shown t hat large doses of steroids usually are inhibitory 

to  gonadotrophin release , whereas small doses may be stimulatory. 

Also, progesterone never shows a positive feedback action on 

gonadotrophin secre tion in the absence of oestrogen. 

Whilst it has gene'rally been accepte d  that androgell3 produce 

a negative feedback on gonadotrophin secret ion (Davidson and Bloch, 

1 969) , there have bee n  some reports indicating a posit ive feedback 

action of low doses of androgen. In pubertal rats doses of 6 vg 

of testosterone propionate had stimulatory effects on UI release 

( Bloch, Kragt and Masken, 1 971 ) ,  and higher doses increased FSH levels 

in female rats (Johns on and Naqvi ,  1 969) . More recently Osland ( 1 972 ) 

reported  increased LH levels in wethers following test osterone 

treatment with low doses , as we ll as the characteristic decrease in 

LH levels following high doses of testosterone . 

( 7 )  Sites o f  Steroid Feedback 

Recent literature describing the effects of sex steroids on 

pituitary responsiveness t o  GnRH has led t o  conflicting conclusions 

about the relative importance of the hypothalamus and anterior 

pituitary as s ites of s teroid feedback. For example Cumming et al. ,  

( 1 972 ) concluded that because progesterone had no effect on the LH 

response to GnRH in the ewe, this steroid must act at the hypothalamus 

rather than the pituitary. This finding was supported by Reeves ,  

Tarnavsky, and C hakraborty ( 1 974) , Rippel et  al. ( 1 974) , and Symons , 

Cunningham, and Saba (1 974) .  However, testosterone propionate 

pretreatment of rams (Hopkinson, Pant, and Fitzpatriok, 1 974) and 
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wethers ( Pe l le t ier, 1 974) caus e d  a reduced LH re s p onse t o  Gnrui , which 

the auth ors c ons idered i ndica t e d  an e f fect on the pituitary . Later 

Galloway and Pe lletie r  ( 1 975 ) prov ided ev ide nc e  that tes t os terone 
t-he-

pre treatme nt acted on hypo thala�us to depre s s  bas al UI s ecre t i on rate s  � . 
i n  the ram, but als o acted at the pituitary to de l� and reduce the 

response t o  GnRH. 

T he exis t e nce of a te s t ic ular fac tor called " inhibin" 

( McCullagh, 1 932 ) ,  wh ich inhibits the re lease of FSH, has bee n  postulat e d  

by several authors ( s e e  rev iew by � e t c he ll and Main, 1 974) ,  but has not 

bee n  is olat e d  or characterised. 

( 8) Hypot�alamic S ites of Steroid Feedback 

Dav ids on and Bloch ( 1 969) proposed that the negative fe edb:ick 

responses t o  t e s t osterone are mediat e d  by the hypothalamus . Likewis e , 

i n  the female , oes troge ns and proge sterone must interact with s ites in 

the hypothalamus and anterior pituit� to c ause both s timulat ion and 

inhibit ion of gonadotrophin re lease ( McC ann e t  al. ,  1 971 ) .  I nformat ion 

on the s ites in the hypothaL��us with which s teroids interact has bee n  

obtained by aut oradiographic mapping s tud ies us ing tritiat e d  s teroids 

( Pfaff, 1 971 ; S tumpf and S ar, 1 973 ) ,  by re c ording e le ctric al activ ity 

d.uring s teroid infus ions ( Faure and V ince nt , 1 971 ; Kawakami e t  al. , 

1 971 ) , and by imp lantat ion of crys talline s te roid3 ( Gorski, 1 971 ; 

Stumpf and Sar, ( 1 973 ) .  The s ites at which s teroids fee dback on the 

hypothalamus are located in the re g ion from the POA to the me dian 

emine nce . Ac c ording t o  Stumpf and Sar ( 1 973 ) ,  t he median eminence may 

be involved in the negative fe e dback e ffe ct of steroids , whereas in 

other regio ns  of the nypothalamus , s ites for both pos itive and 

negative fee dback e ffects of s teroids exis t .  

( 9) Role o f  Steroids i n  liYpothala�ic Diffe re ntiat ion 

Sex s te roids not o nly have an important fee dback influe nce on 
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hypothalamic re leas ing hormone se cre tion, but als o affe c t  hypothalamic 

differe ntiation. 

Deve lopme nt of a male-type gonadotrophin se cretio n  pattern in 

the adult hypothalamus of the rat de pe nds o n  t he presence of gonad al 

androge n during the firs t 8 - 1 0  days of ne onatal life (Barrac lough, 

1 971 ) .  However, in primates ( Goy and Phoe nix , 1 971 ; Re sko, 1 975 ) 

and in sheep ( S hort , 1 .974) the crit ical period during which androge n

i nduced male hypothalamic differe ntiat ion occ urs is during t he first 

half of pre natal life . In the abse nce of androge n, female-type 

developme nt takes place s o  that the POA exerts a cyc lic i nfluence on 

GnRH releas e . The production of sex s teroids in these crit ical 

periods is thus of paramount importance t o  normal adult reproduc tive 

function. 

( 1 0 )  Synthe t ic GnRH 

Schally and h is c o;vorkers have led the inte ns ive res e arch e ffort 

on the is olat ion, characterization, synthe s is ,  and phys iological e ffe cts 

o f  GnRH (Schally, Kas t in and Arimura, 1 972a) . 

Although porc ine G�� was is olate d by Schally �t al . ( 1 971 ) ,  

ovine GnRH had bee n  is olated previous ly in a h ighly purified form by 

G�illemin, Jutisz  and Sakiz ( 1 963 ) ,  Dhariwal, Antunes-Rodrigue z and 

McCann (1 965 ) ,  and Fawcett,  C harlton and Harris ( 1 968) .  Mats uo e t  al. 

( 1 971 �) determined the primary structure of porc ine GnRH and s oo n  after, 

synthesized the mole cule and s howed that it had the same c hemical and 

biological prope rt ies as natural p orc ine GnRH (Mats uo et al . �  1 971 �) .  

The s ame p o lypeptide was found t o  be the princ ipal LH re leas ing hormone 

of ovine hypothalami ( Burgus e t  al. , 1 972 ) .  

Synthet ic GnRH has bee n  s h own to e levate plasma LH leve ls and t o  

cause ovulation i n  ewes (Arimura e t  al . ,  1 972 ; G umming e t  al . ,  1 972 ; 

Reeves,  Tarnavsky and C hakraborty , 1 974; Rippe l e t  al . ,  1 974) ,  and to 

raise plas ma LH leve ls in rams ( Pe lletier, 1 974 : Falvo e t  al. , 1 975 ; 



Galloway and Pe llet ier, 1 975 ; Le e  e t  al . ,  1 976 ; Linc oln, 1 976.!) . 

Other workers have re c orde d an e le vation of plasma FSH lev e ls 

following administrat i o n  of synthe t i c  G nRH  to ewes ( Jonas et al . ,  

1 973 ; H opkins on, Pant and Fitzpat rick, 1 974 ; Symon3 ,  C unni ngham 

and Saba, 1 97LI-) .  

( 1 1  ) Act ions of GnRH 

The be s t  known act ions of GnRH are the re le ase of FS H and LH 

from the anterior pituitary (S chally et al . ,  1 973 ) .  T issue culture 

s tud ies have indicate d t hat both synthe t ic and natural po�c ine GnRH 

als o s t imulate the synthes is of FS H and LH by the anterior p ituitary 

( S c hally e t  al. , 1 972�) .  

Galloway and Pe llet ier (1 975 ) have s hown t hat s ince we thers 

have a te n to twelve t imes greater res po ns e  t o  GnRH i n je c t i o ns  than 

e nt ire rams , LH re le as e  from the anter ior p it uitary i n  rams is 

i nflue nce d  by the lev e ls of c irc ulat ing androge ns .  
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It is s t ill not abs olute ly cert ain that t he de c apept ide is olate d  

by S chally and his c olle agues i s  the only phys iologic � l  g onadotrophi n

rele as ing hormone . Pant ( 1 973 ) s ugge s te d  that as a B ingle i n je ct i o n  

of oes tradiol-1 7 S  produced a marked incre ase i n  plas ma LH i n  t h e  ewe . 

�ithout any change i n  plasma FSH levels , two re le as i ng hormones c ould 

exis t .  S imilar impl icat ions have be e n  made by FranchDnont e t  al. 

( 1 974) and S chams et al. ( 1 974� as a c o ns e que nce of exper ime nts on 

human and bovine s ub je ct s ,  re s pe c t ively. Howev er, s i nce t he re le ase 

of go nadotrophins is modified by s teroid levels ( s ee discuss i o n  above ) ,  

the findings of Pant , Franchimont e t  al. and Schams e t  al. do not 

exclude the pos s ib ility that the d iffere nt ial re le ase of FSH and LH 

could de pe nd on differe nt ial s e ns it iv ity t o  s teroid fe edback and 

i nv olve o nly one re leas ing hormo ne .  T he exis t e nce o f  an antige nically 

dis t i nct FS H-re leas i ng hormone in the rat has bee n reported by S hin 

and Kraicer (1 974) who found that only LH re lease was inhibited by 



LH-releas ing hormone antisera. Howevor, this res ult could have 

aris e n  from the production of a nt is era spec ific only for the LH

re leasing moiety of GnRH, whic h would not e liminate FSH-re leas ing 

act ivity from the s ame mole c ule . 

( 1 2 )  Gonadotrophins 

( a ) Ge neral. The nature ��d role of the gonadotrophins 

has bee n  rev iewed by Greep ( 1 973 )  who reported that b o t h  LH and FSH 

we re glyc oproteill3 c o ll3 is t ing of two non-ide nt ical s ubunits .  Both 

LH and FSH have the s ame a subunit, which als o is ide ntical t o  that 

o f  thyroid-s t imulating hormone and human chorionic gonadotrophin. 

Each s ubunit has v e ry little biological act iv ity alone ,  but whe n t he 

two s ubunits are re c ombined, biolog ical act ivity is large � or 

c ompletely re s tore d ( Papkoff and Li, 1 970; Pierce e t  al. , 1 971 ) . 
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There is a paucity of data o n  the dynamics of s e cre t ion and 

the plasma c le arance rates of go�dotrophins in dome s tic animals . 

This is part icularly true of FSH for which the deve lopme nt of 

s pe c ific radioiffimunoass ays has pre s e nt e d  major problems . Ges chwind 

( 1 972 ) rep orted t hat bov i ne  LH had a plas ma dis appe arance rate 

e quivale nt to a half- life of approximately thirty minut e s . Metab olic 

9learance rates for LH, FSH and prolacti n  in ewes were re ported by 

Akbar, Nett and Nis we nd.er ( 1 974) , be ing about 46, 25, and 1 00 ml/minute , 

res pe c t iv e ly .  T he s e  re sults were e quivale nt t o  half-liv e s  o f  43, 

1 02 ,  and 23 minutes ,  re spective �. 

The actions o f  gonadotrophins on the teste s  in mammals have 

bee n rev iewed ( w ith ext e ns ive bibliography) by Setche ll and Hint o n  

( 1 973 ) . 

( b) FSH and LH. FSH influe nces s permatoge ne s is only in 

prepubertal males ,  LH be ing the s ole s permatogenic gonadotrophin of 

the adult { Ortavant , C ourot and de Rev iers , 1 969 ;  C ourot, Ortavant 

and de Reviers , 1 971 ; Dav ie s ,  C ourot and Gresham, 1 974) . Dav ie s ,  
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C ourot and Gresham postulated that previ ous reports of ma j or 

s permat oge nic e ffects of FSH in adults arose from LH-c o ntaminat ion of 

many FSH preparatioM . They conc luded that in the adult , FSH only 

has a s e c ondary role in the c o ntrol of s permat oge ne s is .  I n  

prepubertal males i t  has be e n  shown t hat FS H alone s t imulates Sert oli 

ce lls and the e arly stage s of germ cell deve lopme nt ( s permatogo nia 

and primary spermat ocyte s ) ; me iosis and the full deve lopment of 

spermatids re quire tes t ic ular androge ns as we ll as FSH ( Los troh, 

1 969) . 

Testic ular androge n formation is large ly under c ontrol of LH, 

and s everal authors have demonstrate d a pos it ive re lat ionship betwee n 

LH leve ls and testos terone re lease in rams ( Kat ongole , Naft o li n  and 

S hort ,  1 974; Sanford e t  al . ,  1 974k; Falv o et al. , 1 975) .  A 

pos s ible synergistic role of FSH in steroidoge ne s is was s ugge s ted by 

t he e ffe ct of FSH plus LH on seminal v e s icular we ights in 

hypophysectomize d  adult rats ( Ortavant ,  C ourot and de Rev iers , 1 969) . 

Although the prec ise me chanis ms of action of the gonadotrophins 

are not known, it seems certain that FSH s t imulates prote in synthes is 

i n  testicular t issue ( Me ans and Hall, 1 967) , and LH s t imulates the 

product ion of tes t icular androgens by i ncreas i ng the c o nvers ion of 

c ho le s terol t o  20 S -hydroxy cholesterol (Hall and Young, 1 968) . 

( c ) Prolactin. Prolactin is lute otrophic in !ats ( Evans et al. , 

1 941 ) but t here is little ev idence that it has a s imilar role in other 

mammals . However, De namur and c oauthors (De namur, Martinet and 

Short, 1 973 ; Kann and Denamur, 1 974) c o ns idere d that it is a 

luteotrophic fact or i n  ewe s ,  and c laimed that prolac tin and LH formed 

the 11 luteotrophic c omplex" . Als o, Dav is and Borger ( 1 974) reported 

that prolactin and LH levels were depre s s e d  by proge s terone 

i n jection i n  ewes . On the other hand prolactin displaye d  little or 

or no lute otrophic activity in t he s ow re lative t o  that of LH 
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( Hoffmann et al. ,  1 974) .  

Bartke ( 1 973��) s uggested that prolactin could als o be 

gonadotrophic in males ,  after recording that this hormone stimulated 

mouse-testis test osterone production in the pre s e nce of LH, which 

confirmed an earlier finding in hypophysecto�ized rats (Hafiez ,  Lloyd 

and Bartke , 1 972 ) .  Als o, prolactin d is playe d a syne rgist ic action 

with testosterone by increas ing the weight and zinc uptake of rat 

prostate  glands (Moger and Ges chwind, 1 972 ) ,  and by increasing their 

nucleic acid content (Tho�as and Manandhar, 1 975 ) .  

C onverse ly, a steroidoge nic role for prolactin in bulls was 

ruled out by Smith et al. ( 1 973 ) , as prolact in injections had no 

effect  on serum testos terone levels . However, Sch� , Re inhardt and 

Karg (1 974�) showed that both progesterone and oestradiol-1 7S 

stimulated prolactin release in bulls , which indicated that there was 

at least a steroid feedback on prolactin secretion. 

( 1 3 )  Aniroger� 

The act ions of testicular androgens on accessory sex glands and 

secondary sexual characteris tics are particularly evident from 

castration studies , and have been des cribed by Parkes ( 1 966 ) .  These 

include the deve lopment of masculine musculature and external genitalia, 

and male behav ioural patterns . 

Although the e ndocrine regulation of spermatoeenes is is not 

fully understood, it is clear that androgens are re quired for the 

normal function of the germinal epithelium. Hall ( 1 970)  pointed out 

that the spermatoge nic action of LH was the result of stimulated 

Leydig cell production of androgens . Als o, the regress ion in 

spermatogenes is which follows hypophysectomy in rats can be prevented 

by the administration of androgens (Clermont and Morgent�ler, 1 955 ) .  

An increas ing body of evidence has accumulated for the 

existence of a testiculru• androgen-conce ntrating mech ani sm whic h 



maintains high t i s s ue  leve ls of androge ns w ithin testes and 

epididymides o f  the rat ( Fre e ,  Jaffe and Jain, 1 973 ; Einer-Jensen, 
1 974��) . The s e  auth ors pos t ulate d  the exJ.s tence of a c ounter-

curre nt exchange me c hanism be twe e n  t h e  internal s permntic ertery and 

pampini form plexus , allowing loc al re c :i_rcula t ion of andrcge oo . A 

s imilar exchange be twe en ve nous and arterial blood in the s pe rmat ic 

c ord was de s cr ibe d in rflms and wallabies by Jacks and Setche ll ( 1 973 ) ,  

and in ree n by Bayard et al. ( 1 975 ) .  
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The me c hanis m of act ion of the androgens has be e n  re cently 

rev iewed by Minguell and S ierralta ( 1 975 ) . Androge n-s e ns it ive t is s ues 

appear to be those which have a h ig h  ability to bind t e s t osterone t he n  

metab o lize it t o  5 a. -dihydrot e s t osterone ,  which probably is the active 

princ iple and which enhances RNA synthes is . 

4. THE ROLE OF THE PINEAL GLAND IN MAMMALIAN REPRODUCTION 

( 1 )  Ge neral 

The pineal gland h:!s been regarded by s ome workers as a p o s s ible 

modifier of the hyp othalamo-hy pophys ial-gonadal axis as a conse que nce of 

its s ecreti on of a ntigonadotrophic c ompounds . I nhibit ory effects of 

the pineal gland on FSH and LH secretion have be e n  rev iewed on a number 

of o c cas ions (Fras chini, C ollu and Martini, 1 971 ;  Mos zkowska, Kordon 

and Ebels , 1 971 ; Reiter, 1 973b) , and t he pineal has p articularly bee n 

implicated in reproduct ive re s pons e s  to  photoperiodic stimuli (Re iter, 

1 973]2_, 1 974�) . 

( 2) Effe c ts of Pi nenle ct omy 

Unlike the clear-cut responses wh ich follow removal of other 

e ndocrine g lands , pine ale ct omy sometimes has produc e d  no dete c table 

e ffects . However t he chP�acteristic res pons e of rode nts has be e n  a 

s lightly accelerated rate of gonada l  growth (Re iter, 1 973.£) . This 
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author c o �ne nted that if it is true that light inh ibits pineal 

antigonadotrophic act iv ity, lack of re spons e  t o  surgical re moval of 

the gland in laborat ory animals , may be ac c o unted for by the fact t hat 

the c ommonly used twe lve to s ixte e n  hour light ing s chedule s 

e ffe ctively " pineale c t omized" the s e  animals . 

( 3 )  Pineal I ndo leamines 

Much research int o  the role of the pineal gland has ce ntre d on 

the act ions of pine al princ iple s ,  particularly melat onin. Me latonin 

is one of a group of indoleamines formed in the pineal gland from 

trypt ophan ( Wurtman, Axe lrod, and Ke lly, 1 968) . The last step in 

the me latonin biosynthet ic pathway is the trans methylat ion of N-ace tyl 

serotonin by the e nzyme hydroxyindole-0-me thyl trans ferase (HI01IT ) .  

This e nzyme was thought t o  be unique t o  the pineal g land, but 

re ce nt ly Cardinali and Wurtman ( 1 972 ) reported its prese nee in the 

re tinae and harderian glands of the rat , as we ll as in the pine al 

g land. Melat onin has be e n  named for its lighte ning act ion on the 

skin of amphibians , but its princ iple funct ion in mammals is . 

c o ns idered to be ant igonadotrophic, acting at the level of the 

hypothalamus , or t he ante rior pituitary, or both. Serot onin 

. (5-hydroxytrypt amine ) ,  a me lat onin precurs or, als o is biologically 

active and found in high c once ntrations i n  the pineal gland ( Owman, 

1 968 ) . The e ffe cts of light o n  pineal c onte nt of me latonin and 

s erot onin, and on HIOMT activ ity, have bee n  summarized by Wurtrnan, 

Axe lrod and Kelly (1 968 )  and Quay ( 1 970 ) . In t h� rat , pineal gland 

e nzyme activ ity and amine leve ls appear t o  be at the ir greatest 

during the hours o f  darknes s  and re ach a minimum during daylight hours . 

The production o f  serotonin by the rat p ineal gland is an exception 

in that it is greatest during daylight, and an incre ase in s erotonin 

leve ls occurs within te n t o  fourteen minutes of switching on the 



lights ( I llnernova, 1 971 ) . 

I n  ewe s ,  me lat onin infus ion preve nte d the post castrat ion rise 

in LH levels whic h occurred i n  s aline-infus e d  c ontrol animals ( Roche 

et a l . , 1 970�) . I nfus ions of me lat o nin or serotonin into the t hird 

cerebral ve ntricle of ewe s pr olonged oes trous cyc les and de l�e d  

ovulat i o n  by s everal days , s e r ot oni n  be ing m ore effe c t ive than 

41 

melat o ni n  ( D omanski et al . ,  1 975 ) .  I ndole ami ne me t abolis m, e s t imated 

in the pine a ls of mixed-bre e d  e wes by me asuring levels of s e ro t o ni n  

and HIOMr act iv ity, was maximal at oes trus a nd day four o f  the 

oestrous cyc le , and minimal during the mid- lut e al phas e of the cyc le 

(Cardinali, Nagle and Ros ner, 1 97� . 

T here have been eve n fewer reports on the e ffects o f  the 

indoleamines in male domes t ic animals . S ubcut ane ous implants of 

mel at o nin in bee s wax, or inject ions o f  me latonin in s e s ame oil, had 

no e ffe ct on ant ler grovrth i n  five s ika dee r  (G oss and Ros e n, 1 973 ) .  H ow 

e v e r , infus ions o f  serotonin int o  the third cerebral v e ntri c le of 

castrate male s he e p  caus e d  a s ignificant de pre s s ion of spontane ous 

LH re leas e ,  as d id norepipephrine ,  whi le d opamine was without e ffe ct 

(Riggs and Malve n, 1 974) . 

(4) Pineal Feptides 

Lately, the antigonadotrophic role of the p i ne al indole amines 

has t e nded t o  be over-shadowed by increas i ng  s upport for a s imilar, 

but m ore pote nt , property o f  s ome pineal peptides . Pavel a nd h is 

eo-workers ( Pavel and Pe tres cu, 1 966 ; Pave l  et al. � 1 973�; Pave l, 

Petres c u, and Vic oleanu, 1 973b)  have is o lated a pept id� from bov ine 

and fetal human pineals with p otent antigonadotroph i c  propert ie s ,  

and whic h they claimed was c hemically ide ntical t o  areinine vas o toc in. 

C he esman and Fariss (1 970) re c orded a s imilar c o nc lus ion. On t he 

other hand, Be ns o n  and his c olleagues have is olated an ant igonadotrophio 
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pept ide from bovine pineals which t hey stated was not arginine 

vas otoc i n  ( Be ns on, Matthews , and Rodin, 1 972 ) .  Fre nc h and Dutch 

inve s t igators have isolated antigonadotrophic fract ions from sheep 

pine al glands , which c ontaine d  low mole c ular we ight c ompounds (M. w. 
<500 ) which were not me lat onin (Mos zkowska �. , 1 974; Ebe ls , 1 975 ) .  

A recent deve lopme nt has bee n the report by White et al. ( 1 974) 

of the is olat ion of high leve ls of immunoass ayable GnRH in ov ine, 

bovine ,  and porc ine pineal glands . This c o uld me an that the pine al 

gland is a source of both progonadotrophic and ant igonad otrophic 

compounds , an idea which has bee n  sugge s te d  by Hoffman and Re iter 

( 1 966 ) . There have als o be e n  re cent rep orts of stimulate� e ffe cts 

of the pineal on t he re le ase of prolactin (Re lkin, Alachi and Kahan, 

1 972 ; Re iter, 1 973E_, 1 974E,) . 

(5 ) Gonada l  Regulat io n of Pine al Funct ion 

Although the pineal gland is bec oming ac cepte d as a regulat or 

of g o nadotrophin secret ion, re cent evide nce has shown that the gonads 

thems e lves may, i n  turn� alter pine al funct ion. The biosynthe s is of 

me lat onin in rats has bee n  s hown to be i ncre ased by oes troge ns ,  and 

de cre as ed by proges terone and testosterone (Hous s ay and Barcelo, 

1. 972!b E_) .  Als o the rat pine al gland was s uggested as a target organ 

for androge ns by C ardinali, Nagle , and Ros ner (1 974b) , who inve s t igated 

pineal uptake , cyt oplasmic binding, and c onvers ion of testos terone 

to its 5 a -reduced metabolites .  Nir et al. (1 970 )  reported a 

stimulat ion of prote in synt he s is by the pineal in re sponse to 

injec t ions of 1 0  mg of oe stradiol-1 7S i n  female rats . . They postulated 

that oestroge n c aused LH re lease whic h in turn stimulated prote in 

synt he s is by the pineal gland. 

(6)  Transport of Pine al Princ iples 

Maey workers have pre s umed that the principle s  se creted by the 

pineal gland reached other re gions of the brain via the cere brospinal 



fluid, but there has bee n  no evidence t o  confirm this . Instead 

Kappers ( 1 971 ) was adamant that pineal principles were secreted into 

the blood, and that there was no anatomical evide nce for nqy vascular 

pathw� from the gland to the cerebral ve ntricular system.  Quay 
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( 1 973 ) has suggested that pineal substances m ay  be secreted from the 

choroid plexus of the suprapineal recess into  the cerebrospinal fluid, 

however this would re quire moveme nt in the reverse dire ction to  that 

of the normal blood flow in the great cerebral vein. 

(7 )  Affere nt Nervous Pathways 

In  the rat the pathway by which photic stimuli re ach the pineal 

gland involves the inferior access o� optic tract, the n the cranial 

cervical ganglia of the sympathetic nerv ous sys tern (Moore et  al. , 1 967 ; 

Newman-Taylor and Wils on, 1 970) . Postganglionic fibres from these 

ganglia reach the pineal gland principally through the nervi conarii 

(Kenny, 1 965 ) .  

The habenular c ommissure which attaches the pineal gland to the 

brain is not widely regarded as a source of afferent nerve fibres to  the 

gland (Kappers, 1 965 ; Kenny, 1 965 ) .  These authors have shown that aqy 

fibres in the habe nular commissures of rats and bats do not sy1�pse 

within the pineal gland. However, histological studies of bovine and 

ovine pineal glands revealed nervous c onnections from the habenular 

commissure (Anderson, 1 965 ; J�atilaka, 1 970) .  This latter finding 

has als o  been  supported by electrophysiological evidence obtained from 

rats (McClung and Dafqy, 1 975 ) .  

C onsequently, the relative importance of the differe nt affere nt 

nervous pathways t o  the pineal glands of most species  has not bee n  fully 

resolved.  

There is evide nce that cholinergic mechanisms are involved in the 

response of the rat pineal gland to  dark ne s s  (Wartman et al. ,  1 969 ) ,  

while Aro, Karppane n and Klinee ( 1 9"73 ) reported that acetylcholinesterase 

activity in the bovine pineal gland was de cre as ed after puberty. 
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Ace tycholine also incre as e d  the uptake of radio-labe l le d phosphor\.1.'3 by 

calf pine al s lice s ( Bas inska, S as try and S tancer, 1 973 ) .  Suc h  findings 

indicate t hat the aut o nomic f ibres reachine t he pine al gland from the 

cranial cervical ganglia may be c holinergic as well as adre nergic . 

( 8)  Role of the Pineal Gland in the Se_?.s onali ty of Reproducti� 

I n  his r'3v iews on t he pine al gland, Re iter ( 1 973£, 1 974� 

c onte nded that one of the mos t important functions of the gland may be 

t o  c o ntrol or modulate s e as onal re produc t ive rhythms i n  phot os e ns it ive 

animal s . He supp ort e d  this s tate me nt  wit h reference t o  work on t he 

golde n hams ter and ferre t .  S e as onal cha nge s i n  t he hist ological 

appearance of pine alocytes in the Wedde ll s e al were de s c ribed by C ue l lo 

and Trame z z ani ( 1 969 ) . An ass oc iation betwe e n  HI OMI' levels and the 

s e as onal reproduc t ive cycle of the northern fur s e al has be e n  re porte d  

(Keye s et al . ,  1 971 ) • A s tudy of the annual changes i n  the his t ological 

appearance of the ewe pine al gland showe d that the g land was mos t active 

during the winter months ( Ne �ic ,  1 962 ) ,  while Forbe s (1 975 ) rep orte d 

that pineal glands were lighter and had a lower mean c e l l  s iz e  in ram 

lambs submitted t o  s ixte e n  h ours lighting per day, than in those on 

e ight hours lighting per day . T he se s t udies indic at e  that i n  s ome 

s pe c ie s  the pine al gland is c apable of unde rgoing variat ions in 

activ i ty in re s pons e  t o  s e as onal e nvironme nt al change s . 

It has bee n c laimed however, t hat pineale c t o� had no e ffe ct on 

the i nc ide nce of oe s trus , ovulation, or LH levels in ewes (Roche et al . ,  

1 970�) . The s e  w orkers re c o rde d the dat e s  of c omme nce me nt and le ngths 

of t he bre edi ng s e as on, nuniliers of ewes ovulating during the 

ano estrous period, and plasma and pituitary levels of LH in We s te rn, 

Suffolk, and Hamps hire ewe s .  Alth ough the authors s ugge s t e d  that 

pine ale ctomw had no e ffe ct on s eas onal bre eding in ewe s ,  this re s ult 

may have be e n  due t o  inade quac ies in experime ntal des ign and 

interpretatio n o f  re s ult s .  Herbert ( 1 972 ) re porte d that in t he 

ferret ,  the ons e t  of the bre e ding s e as o n  in pine ale c t omiz e d  fe males 
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did not differ from that of t he ir controLs until the s e c ond post

operative year, s uggesting that bre eding rhythm is programme d as a 

res ult o f  e nvironmental photoper iodic s t imuli re ce ived c ons iderably 

be fore the bree ding s e as on. He c ommented t hat the ne gative findings 

of Roc he et al. ( 1 970�) may have resulted from failure to continue 

the experiment for a s uffic ie ntly long period. 

( 9 ) Pi neal Func t i o n  After Pubertl 

S ome authors have s ugge s ted that t he pineal g land is functional 

only up t o  and during puberty . Jordan ( 1 91 1 ) stated : " if the 

pineal body in the s heep s ubserves an important phys iological funct ion, 

this is only active during the firs t e ight months of pos t natal life1' . 

This obs ervation was based on histological evide nce . Subse que ntly, 

it has bee n  s hown that a dec line in HIOMT act ivity i n  the p i ne al 

glands of both s exes of cattle occurred at about the t ime of puberty 

(Hoermann, 1 971 ) . Als o the number o f  pinealocytes ,  and v as c ularity 

of the gland, were h igher in buffalo calv e s  than i n  adults (Rao and 

Saigal, 1 971 ) • In man, afte r  puberty s mall concretio:l.S o f  calc ium 

and magnes ium phosphates and carbonate s ( pineal sand) appear in the 

tis s ue ,  i n  association with the involut i o n  of the gland ( Ganong, 1 975 ) .  

However, the biochemical activity of the gland in the adults of a number 

of differe nt s pe c ie s  is s uc h  that it is hard to rule out t he poss ibility 

t hat the gland has a role i n  the c o ntrol of reproduc t i o n. 

( 1 0)  Pineal Gland and Olfacto�Function 

A few re ports have indicated the existence of a re lat ionship 

betwe e n  the pineal gland and the olfac t ory sys tem of rats , f or 

example prolonged olfactory s t imulat i o n  with is onitrile c ause d  pineal 

atrophy in male rats ( Miline , Decerverski and Krs tic, 1 963 ) .  Als o 

Re iter et al. ( 1 971 ) found that regre s s i o n  of the reproduct ive organs 

in male rats c o uld be produced by blinding plus a nosmia, although 

ne it her treatme nt on its own had a� e ffe c t .  S imilarly ,  puberty was 
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de layed in blinded o r  anos mic female rats , and was furthe r de layed if 

t he treatme nts were c ombined ( Re iter and E llis on, 1 970) . Blinde d, 

olfactory bulbe ctomize.d rats had e levated se rum lev e ls of prolac tin 

a nd  growth hormone compare d t o  s ham-operated c ontrols , alth ough t his 

e ffe ct was re duced if they were s ubse que nt � pine alec tomiz e d  ( Shiino, 

Arimura, and Re nne ls , 1 974) .  

The s e  res ults indicate that the pi neal gland along with other 

neural sys tems , such as the o lfact ory sys tem, may c o ntribute to the 

m odulation o f  animal re produc t ive phys io logy by changes i n  

e nv ironme nt a l  s t imul i .  

5 . THE PURPOSE OF THE PRE SE NI' STUDY 

The experiments des cribe d in this thes is we re undertake n t o  

s tudy the s e as onal c hange s in reproduc tion i n  N. Z .  Romney rams 

t oge the r  with ne uroe ndocrine me chanis ms c aus ing these c hange s .  

I nitial experime nts were designed t o  evaluate s e as onal change s 

in seme n production and plasma h ormone leve ls in rams :mder normal 

graz ing c o nditions , and to make betwe e n-bre e d  comparis o ns  in the 

extent of s e as onality of the parame ters s t udied. Als o, in orde r t o  

examine neuroe ndocrine mechanisms inv olve d  i n  reproduct ive s e as o nality ,  

ram3 with modified pine al or o lfac t ory function were s t udied in the 

s ame manner as intact rams . S ubse que nt �, an experime nt was c arrie d 

out t o  de termine the e ffe cts of artific ial l ight ing re gime s on both 

seme n production and plasma hormone leve ls i n  N. Z .  Romney rams . T he n  

in the final expe rime nts in this t he s is an attempt was made t o  

e lucidate the func t i o n  o f  the pine al gland of rams as a mediat or of 

ph ot operiod-induced changes in reproductive funct ion. 



1 .  ANIMALS 

CHAPl'ER II 

MATERIALS AND METHODS 

Adult New Zealand Romney rams were us e d  throughout t he 
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experiments des cribed in this thesis . In addit ion, adult Merino and 

Polled Dorset rams were inc luded in Experime nt 3.  

2.  ANIMAL MANAGEMENl' PROCEDURES 

( 1 ) On Pas ture 

Rams in Experiments 3 and. 4 grazed pasture d ominate d  by rye

gras s and white c lover, and \vere s uppleme nte d with meadow hay during a 

short period of pasture insufficie ncy. Anthe lmintic dre nching (1 5 ml 

of "T hibe nz o le " ,  Merck S harp and D ohme (N. Z . )  Limited, c o ntai nir.g 264 

mg/l itre of added s e le nium ) was carrie d out once per month. All 

animals were give n preventative footrot vac c i nat ions ( Glaxo Fo otrot 

Vac c ine ,  Glaxo Laboratorie s (N. Z . ) Limited) and c linical cases of 

footrot were treated by foot paring followed by formalin foot bathi ng .  

Inse cticide s praying and s he aring were carried out o n  a n  annual bas is .  

Apart from oc cas ional mild cases of footrot , and of fac ial 

e czema during t he late summer months, t he rams remained in good he alth. 

(2 )  I ndo ors 

Rams in Experiments 5,  6, 7.1 , 7.2 and 7.3 were house d i n  well

ve ntilated light-proof r ooms maintained at a cons tant temperature of 

1 5°C .  Eac h room wa:s i.lluminatcd by two BOW fluorescent light s s o  that 

a light inte ns ity of approximate ly  1 1 0  lux was re ce ived at eye-leve l by 

the rams . Lighting was c ontrolle d by aut oma t ic t ime-swit c he s  which 

were ad justed once per wee k  to produce the light ing regimes de termined 
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b,y the experimental des igns . 

T he s e  rams we re held in indiv idual crates , and chaffe d me adow 

hay ( approximately 1 400 g) and s he e p  nut s ( approximate J.y 650 g ) were 

fe d at appr oximately 09.00 h e a c h  day. Eac h week a few grams of a 

s alt mixture c ontaining s odium m olybdate and c alcium s ulphate were fed 

in order t o  preve nt a� pote ntially t oxic e levation of hepatic c opper 

leve ls ( re c ommended by Hogan, Money and Blay ney, 1 968) . Water was 

available ad libit�� 

S he aring and anthe lmint ic dre nching were performe d at t he 

c omme nce me nt of each s tudy, whereas foot paring was c arrie d out as 

re quired .  

Monthly bo� we ight data, t oge the r  w ith the ge ne ral health 

s tatus of the rams ( plus hae mat o logic al data in Experime nt 6 ) ,  

i ndicate d that the animals maint ained g ood he alth t hr oughout the 

experim e nts . 

3 • SURGICAL TEC HNIQUES 

( 1 )  Ge neral Surgical Pro c e dure 

Prior t o  all surgical proce dures rams were p laced in i ndividual 

crates for one week and fed chaffed me adow hay, s hee p nuts and wate r  

as des cribed earlier. Food (but not water) was withhe ld for the twe nty

four hours pre ceding s urgery .  

Anaesthe s ia was induced w ith intrave nous s odium thi�lal 

( " S urital" , Parke Dav is (N.Z . ) Limited) , and maintained with a mixture 

of approximate ly 2% halothane vapour ( " Fluotbane " ,  Imperial C hemical 

I ndus trie s Limited, U. K. ) in oxyge n. An open-e ircuit anae s t hetic 

mac hine was ut iliz e d  and gas e s  were adminis tered v j.a e ndotrac heal tube . 

S urge� was carried out in a we ll-e quipped s ma ll animal operating 

the atr-e , and full s te rile s urgical proce dures. were employed throughout 

all operations . 
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Skin incis i ons were made uaing e le otro-cutting e quipme nt and 

haemostas is was maint ained with a c ombination of bl ood ve s s e l l igat ion 

and e le c tro-coagulation. Whe n c losing s urgical wounds , subcutane ous 

tiss ue s  were s uture d with catgut ( chromic ,  s ize 00) ,  while a polyes ter 

thread ( " .Mersile ne " ,  Ethicon) was used for the skin s utures ,  which 

were s e aled with a plastic aeros o l  s pray . 

Whe n the rams had regained c ons c ious ness they were re turned t o  

the ir crates ; propnylact ic ant ibiot ic therapy cons iste d  of dai� 

inje ct ions of both procaine pe nicillin and dihydros tre pt omyc in for five 

days . Skin s utures were removed approximat e ly one we ek p ost- operatively .  

( 2 )  Olfac t ory BulbectosY 

Olfac tory bulbe c t omy was carried out acc ording t o  t he me thod 

des cribe d by C hapman ( 1 965 ) .  

A 7-1 0 c m  inc is ion was made in the midli�£ exte nding ros trally 

from the highe s t  point of the poll. The skin and pe riosteum were the n  

re fle cted laterally and a 23  mm trephine was used t o  ope n  the frontal 

s inus at the leve l of the s upra- orbital foramin a .  The trephine hole 

was e nlarged with rongeurs t he n  the muc o s a  of the frontal s inus wa.s 

s tripped out .  Extens ive blee ding us ual ly followe d and was c ontrolled 

wi.th e le ctro-c oagulation. A 1 2  mm trephine was us e d  t o  make an ope ning 

int o  the cranial c avity on e ac h  s ide of the medial se ptum of the frontal 

s inus , just caudal to the angle of the internal plate of the front al bone . 

After the dura had be e n  cut , a blunt probe (3 mm diame ter) was pas sed 

t hrough t he i nc is ion int o  the e thmoidal fossa, where. it was manipulated 

t o  disrupt the neural ti� s ue of the olfact ory bulb. The c o ntents of 

the e thmoidal fos s a  were t he n  removed by s uct ion and replace d  with 

abs orbable ge latin s ponge ( " Spongostan" , Fe rros an, De nmark) . Finally 

an aque ous s olut ion of crys tall ine pe nicillin was s luice d  over the 

operat ion s ite prior to c los ure of the s k i n  inc is ion with c o ntinuous 
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mattre ss suture s .  

During pre liminary trials w ith this te c hnique , o ne  animal was 

aut ops ie d twelve hours following s urgery . Examinat ion of s e c t ions 

of the s kull i ndicated that the e t hmoidal f os s ae were almos t e ntire ly 

devoid of undamage d ne ural t i s s ue . It was thus cons idere d t hat the 

proce dure woul1 have deprive d the rams of o lfact ory bulb function. 

( 3 )  Cranial Cervical Ganglione£t O!Y 

C ranial cerv ical ganglione c t omy was carried out follow i ng the 

procedure des cribed by Apple t on and Wat ies ( 1 957) . 

This technique ut ilized a lateral appr oach v i a  a skin i nc is ion 

paral le l t o  the mandible and which exte nde d from jus t  rostral to t he 

base of the e ar, t o  the level of t he thyr o id c art i lage . I n  this 

approach b lood ves s e ls whic h pas s caudally from the external j ugular 

and inte rnal maxill� veins we re ligat e d, the n div ide d t o  prov ide 

ac cess t o  the cranial cervical ganglion. The gang lion was loc ate d  

us ing blunt dissect ion, fre ed from the cerv i c al sympathe tic a.nd 

gloss opharynge al nerv e s �  and removed i ntac t .  

After c losure of the skin incision with c ont inuous mattre s s  

s uture s ,  the ram was turned o n  t o  it s othe r  s ide , and the o pe rat ion 

�pe at e d  t o  c omp le te the bilateral ganglione ctomy. 

(4) Olfac t ory Bulbe c t omy/Cranial C e rvical Ganglione c t oro� 

Rams which were sub je c t e d  t o  both o lfact o1� bulbe ctomy and 

cranial ce rvical ganglione c t omy were operated on us ing the proce dures 

de s cribed above . 

(5 ) Pinealect omoc 

Pineal glands were removed s urgically from rama using a 

te chnique based on that described by Roche and D z iuk ( 1 969)  for the ewe . 

Rams were placed i n  v e ntral re c umbe ncy on the operat ing t able 



with the head res trained laterally, by c ords attached to the e ars . 

A flap of skin and subcutane ous tissue ,  extending medially over the 

top of the head from each a ide of the base of the left ear, was 

refle cted afte� cutt ing along three s ides of a trape zoid (see Figure 

2 .1 ) .  Dehydration of this skin flap during subse quent s urger,y was 

preve nted by c overing it with a saline-s oaked cotton gauze swab. 
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The coronal sutures were revealed by reflecting the 

perios teum, then a 2 mm cantering hole was drilled into t he parietal 

bone , 1 0  mm caudal to the c oronal suture and 1 5  mm to the left of the 

midline (see Figure 2.2 ) .  This cantering hole was used t o  locate 

the centre-piece of a 41 mm diameter trephine . Following removal 

of a c ircular plate of bone (see Figure 2 . 3 ) ,  the exposed dura 

mater was incised along the le ft lateral border of the trephine hole,  

almost as  far as the dorsal sagittal s inus . The flap of dura s o  

formed was re fle cted to expose the occ ipital lobe o f  the left cerebral 

hemisphere (see Figure 2.4) . 

C areful insertion of a curved, tapered, perspex spatula between 

the left cerebral hemisphere and the tent orium cerebe lli permitted 

gent le lateral d is placement of the lobe . Subdural ve ins leading to 

the dorsal sagittal s inus were sealed by e lectro-coagulat ion and 

exces s  fluid was removed by aspiration. After puncturing the c isterna 

venae magnae cerebri and removing the exce ss cerebrospinal fluid which 

flowed freely at this stage ,  the pineal g land was located in the 

midline rostral t o  the rostral cerebral c olliculi ( see Figure 2 . 5 ) .  

Removal o f  the pineal gland was accomplished by placing Allis tissue 

forceps around t he gland and t hen ge ntly withdrawing the forcep5 (see 

Figure 2 .6 ) . 

Abs orbable gelatin sponge ("Spongostan" , Ferrosan, De nmark) 
was placed betwee n  the cerebral hemisphe res and t he tentorium cerebe lli,  

and also into t he trephine hole ,  t o  c ontrol haemorrhage . 

The operat ion site was dusted w ith 2% chlorotetracycline HC l, 



F i g u re 2 . 1 

F i g u re 2 . 2  

Hea d of ram c l i p ped a n d  ma r ked to s how 

a p p rox i mate I i ne of s k i n i nc i s i on .  

S k u l I expos e d  s h ow i ng cente r i ng h o l e  f o r  

t re p h i ne .  The corona l s ut u re i s  v i s i b l e  

j u s t  rost r a ! to the cente r i ng ho l e .  

( Note : I n  F i g u res 2 . 1 a n d  2 . 2  the ros t ra ! e n d  o f  the 

s u rg i ca l  f i e l d  i s  to the b ottom of each f i g u re . )  
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F i g u re 2 . 3  Remov a l o f  c i rc u l a r  p l ate o f  bone f rom 

t h e  s k u l I a f te r t i n i ng .  

F i g u re 2 . 4  F l a p o f  d u ra mate r r e f l ect e d  t o  expose 

t h e  o cc i p i ta l  ob e o f  the l e f t  cereb ra l 

hem i 

( Note : T h e  rostra ! e n d  o f  t h e  s u rg i ca l  f i e l d  i s  to t h e  

b ottom o f  F i g u re 2 . 3  a n d  t o  t h e  l e f t  o f  F i g u re 2 . 4 . )  
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F i g u re 2 . 5  

F i g u re 2 . 6  

P i n ea l  g l a n d  ( p ) j u st v i s i b l e ros t ra ! to 

the ros t r a ! cereb ra l co l I i c u l us ( c ) . 

Remova l o f  p i nea l g l a n d  w i th A I  I i s  f orcep s . 

( Note : I n  F i g u res 2 . 5  a n d  2 . 6 the ros t ra ! e n d  of t h e  

s u rg i ca l  f i e l d  i s  t o  t h e  l e ft of e a c h  f i g u re . )  





1%  be nz o caine p owde r ("Aureomycin powde:t'" , Cyanamid AU3 tralia Pty 

Lim it e d )  prior t o  c losure of the s kin inc is ion. 
C onfirmat ion of the c omple te ne s s of pine ale ct omy was made by 

macr o s c opic examina t io n  of formalin- fixed brains and histolog i c al 

examination of br�in s lices following aut opsy. 

( 6 )  Sham-pinealect� 
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Sham-pineale ct omy operat ions we re ident ical in all res pe c t s  t o  

t h os e  for pineal gland removal except t hat after exp os ure , t he p ineal 

glands were le ft in s itu. 

4. SElr!EN C OLLECTION 

E jaculate s were c olle cted from rams at two-weekly intervals . 

I nit ially in Experime nts 3 and 4 s eme n was c olle cted by 

art ific ial vagina whenever p os s ible . The temperature of t he art ific ial 

v agina was ad justed t o 40-45° C ,  a nd t he inner liner was lubricated with 

pe tr o leum jelly. Rams unwilling t o mount were e j aculated by electr ical 

s timulat ion us ing a bi-polar rectal probe ( de la Nichols and Edgar, 1 964) . 

During the w inter months most rams exhibited a de c line in libido 

which made c ollection of seme n by artific ial vagina increas ingly 

difficult . Thus e jac ulates collected a fter September 1 972 in 

Experiments 3 and J._ ,  as we ll as all of those c ollected in Experime nts 5 

and 6,  were obtaine d  by e lec tro-e j aculat ion. 

During colle c tion s eme n was protected agains t te mperature 

fluctuations ,  t he n held in a warm bath at 30° C whi
.
lst be ing apprais e d .  

5. SEMEN APPRAISAL 

( 1 )  Ejac ul ate V.£.1� 
E jaculate v o lume was me as ured to the nearest 0 . 1  ml in 



graduated glass centrifuge tube s . 

( 2 )  Motility and Perce ntage Mot ile Spermatozo_e; 

Motility ( s cale 0-4 ; Emmens , 1 947) and percentage of motile 

s permatoz oa were estimated by observation of thin films of semen 

prepared between a microscope s lide and a covers lip. A low-power 
0 micros cope fitted with a warm s tage at 3 7  C was used for these 

est imations . 

( 3 )  Percentag���o�����ned and MorphologiceJJ��� 

Spermatozoa 

C ongo r ed- nigros in smears were prepared for es t imat ion of 

percentage of unstained s permatoz oa ( Blackshaw, 1 955 ) .  One hundred 

s permat o z oa were counted under the oil-immersion microscope and 
class ified as stained or unstained, the number unstained be ing taken as 

the percentage • Likewise , one hundred spermatozoa in the same s mears 

were clas s ified as having normal or abnormal morphology, the number 

with normal morphology be ing take n as the percentage . 

(4) C once ntrat ion of Spermatozoa per ml Semen and Numbe r of 

Spermatozoa per Ejaculate 

A 1 in 200 dilut ion of seme n  in 1 • 8<'/o ( w/v) s odium chloride-2% 

(v/v ) formalin solution was cotlnted on the red ce ll grid of a 

haemocytometer. Multiplication of the total c ount by 1 0 7 gave the 

conce ntration of spermatozoa per ml of semen, then multiplication of 

this conce ntretion by the e jaculat� volume ( in ml) ·gave the total number 

of s permatozoa per e jaculate . 

( 5 )  C once ntrat ion of -Fruc tose in Semen and Seminal Plasma, a� 
Total Ejaculate Fructose C onte nt 

Immediately after collection, a port ion of each  e jactuate was 

frozen  on dry ioe , then stored at -20°C for subseque nt determination of 



fructose concentration. 

Fructose conce ntration of semen was determined by an automated 

technique adapted from the method des cribed by Mann ( 1 964) . These 

determinations were performed using an AutoAnalyzer (Technicon 

C orporation, u. s.A. ) set up as shown diagrammatically in Figure 2. 7. 

After thawing, seme n  samples were dis rupted ultrasonically for 

approximate ly twenty seconds , us ing a one-eighth inch titanium micro-
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probe at an amplitude settir� of 4-5 microns peak to  peak. Sonication 

was carried out t o  disperse c lumps . of spermatozoa which otherwise  

tended t o  block the sampler tubing. Within the AutoAnalyzer the 

semen was diluted in 0.03% (w/v ) polyoxyethylene lauryl e ther ( Brij-35 ) 

s olution then conveyed to  the dialyzer where solutes ,  includi.ng fruc tose , 

passed into a recipient Bri j-35 solution. After leaving the dialyzer, 

this rec ipient s olution was mixed with 0.1 % (w/v) aqueous res orcinol, 

followed by 3a,% (w/v) hydrochloric acid, and passed through a 95°C 

heating bath for ten minutes to  allow red colour deve lopment . After 

debubbling, the transmittance of the c oloured solution \'18.3 measured at 

480 nm .  

A standard curve (Figure 2 .8) was constructed after assaying 

serial dilutions of a standard f'ructooe solution ( 1 6  mg/ml) .  

Determination of the slope of the curve and subse quent calculation of 

seminal fructose concentrations , were performed on an IBM 1 620 

computer. 

There was good agreement between fructose concentrations 

obtained by the above method and those determined s imultaneous ly by 

the method of Mann ( 1 964) . See Table 2. 1 . 

Total fructose content per e jaculate (mg) was calculated by 

multiplying the seminal fructose concentration by the e jaculate volume . 

The concentration of fructose in seminal plasma was obtained by 

dividing the total fructose content by the volume of seminal plasma 
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Tab le  2 . 1  

Effect  of determining fructose  c onc entrat ions ( mg/ml ) of f ive s emen samples by the AutoAnalyzer or by the manual 
method of Mann ( 1 964 ) . 

AutoAnalyzer  Method Manual Method 

Sample Number Estimates Mean Est imates  Mean 

1 0 . 6 1  ' 0 . 6 1  0 . 6 1  0 . 76 , 0 . 76 0 . 76 

2 2 . 70 , 2 . 66 2 . 68 2 . 58 ,  2 . 27 2 � 42 

3 4 . 28 ,  4 . 27 4 . 28 3 . 64 , 3 . 94 3 . 79 

4 2 . 58 ,  2 . 59 2 . 58 2 . 25 , 2 . 40 2 . 32 

5 1 .  53 ' 1 .  5 3  1 .  53  1 . 48 '  1 • 56 1 .  5 2 

6 2 . 50 ,  - 2 . 50 2 . 58 ,  2 . 49 2 . 53 

0'\ 
0 



in each e jaculate . Seminal plasma volume was determined by 

subtracting from the e jaculate volume the volume occupied by 

spermatozoa, as suming that e ac h  spermatozoon, occupied a volume of 

6 -1 1  ( .5  x 1 0  ml c ited by Glover, 1 956 ) .  

6 .  BLOOD C OLLECTION 

In Exper ime nts 3 - 6 ,  weekly blood samples were obtained by 

6 1  

jugular venepuncture us ing 1 0  ml evacuated glas s tubes c ontaining 1 43 

USP units of sodium heparin. 

Blood was collected between 09.00 h and 1 0.00 h each Monday, 

then centrifuged as soon as possible after c olle c tion in order to  

minimize the me tabolism o f  androge ns by a 1 7a-hydroxysteroid 

de hydr oge nas e present on ruminant erythrocytes ( Lindner, 1 965 ) .  

Half-hourly blood samples obtained in Experime nts 7. 2 and 7.3 

were c o lle cted in t he s ame manner as weekly blood s amples . 

In �perime nt 7.1  blood samples were c ollected every 20 minutes 

for 26 hours by means c·f" i ndwe lling jugular cannulae cons isting of 

s ilicon rubber ( " S ilas t ic " ,  Dow C orning C orporation, U . S . A. ) or 

polythene tubing, of approximately 2 mm outs ide diameter. These 

cannulae were inserted, while the rams were lightly sedated with 

xylazine hydrochloride (0.25 ml of 2:fo (w/v) "Rompun" , Bayer, Germany) , 

on the day prior to blood sampling . Both jugular veiil3 of each ram 

were cannulated to minimize the risk of blood sample collection 

failure . Cannula patency was maintained by a c ontinuous infusion of 

heparinised s aline at 1 ml/hour; the infusion was interrupted only 

when each blood sample was collected.  Saline infusion and blood 

sampling were performed from outs ide the room hous ing the rams, s o  

that the animals were not aware of the s ampling procedure, and s o  the 

prescribed photoperiod c ould be maintained. Again blood samples were 

centrifuged and the plasma frozen within minutes of collection. 



· 7.  AtJrOPSY PROCEDURE 

Rams in Experiments 3 and 4 were we ighed prior t o  s laughter, 

which was performed by cutting the throat . 

The testes , epididymides , semir�l ves icles ,  ampullae and 

thyroid, pineal and pituitary gle.nds were removed from each animal, 

dissected free of any adhering adipose and connective tissue ,  and 

weighed. Samples of testes and pineal glands were fixed in Bouin' s 

fluid for twenty-four hours before transfer t o  7q% ethanol t o  await 

histological process ing. The epididymides,  seminal vesicles and . 
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remaining portions of the pineal glands were froze n  on dry ice for 

subsequent determination of : epididymal spermatozoal reserves , 

seminal vesicular fructose contents,  and pineal hydroxyindole-0-methyl 

transferase activities , respectively. 

In Experiment 6, rams were anaes thetized with intravenoU8 

pentobarbitone s odium ( " Nembutal" , Ab bott Laboratories ( N. Z . )  Limited) . 

Immediately afterwards the c ommon carotid arteries were cannulated and 

the jugular veins s evered s o  that the head of each ram could be perfused, 

first with is otonic saline ,  the n  with a 1 0%  (v/v) formalin-0. 9% (w/v) 

s aline s olution to fix the brain tissue .  Subseque ntly the brains were 

removed and stored in 1 0% ( v/v) formalin-0. 9% ( w/v) saline prior t o  

histological processing ; als o the pituitary glands were removed and 

weighed. Thyroid and accessory s ex glands , and testes were processed 

in the manner described above for Experiments 3 and 4. 

(1 ) Histological Proce dure s 

Fixed samples of : testes from Experiments 3 ,  4 and 6 ,  pineal 

glands from Experiments 3 and 4, and 4 mm thick paramedian sections of 

brain tissue from Experiment 6 ,  were embedded in paraffin wax after 

automatic processing. 

Testicular and pineal gland sections of 5 �m thickness were 
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stained w ith Maye r ' s haemalum and 1 %  e os i n Y (C ulling ,  1 974 ) .  

S ubse que nt ly s e mi niferous t ubule diameters were meas ure d as t�e mean 

diame t� r me as ured from twe nty c ircular tubules (Skinner and van Heerde n, 

1 971 ) , while t he de ns ity of pine al c e l ls was e s t imate d  as the me an 

numbe r of c e l l  nuc le i  meas ure d in five rando�ly s e lect ed micros c ope 

fie lds of 0 . 01 56 nun2 
are a ( Roth, Wurtman and Altschule , ·1 962 ) .  

Ax o ns  i n  p ineal t is s ue  were demom trat ed by s ilver s ta i ning 

1 0  �m thick p i ne al sections by Bodian' s pro t argol method ( Bodian, 1 93 7 ) .  

Fift e e n  lJ.m thick sections o f  brain we re s taine d  with s ol o c hrome cyanin 

( Page , 1 965 ) and counters t a i ne d  with cre syl fast viole t  ( Dis brey and 

Rack, 1 970 ) .  The se brain s e ct ions were the n examine d t o  de termine the 

c omple te ne s s  of removal of pine al tis s ue from pineale ctomize d rams , and 

the integrity and normal appe arance of the pineal glands of s ham-

operated rams . 

( 2 )  Seminal Ve s ic ul ar Fruc t ose C ont e nt and C o nc e nt ra t i on 

Seminal vesicular fruc t ose c ont e nt was me asw•o d  us ing a met hod 

bas e d  on t hat described by Lindner and Mann ( 1 960) . Both se minal 

v e s ic le s  from each ram were homoge niz e d  in a S orvall omnimixer ( Ivan 

S orvall I nc . ,  U.S . A. ) ,  t oge t he r  w it h  dis t i lled water to a t otal volume 

of 40 ml. After centrifuging the homoge nate , 2 ml of the s upernatant 

were deprote i nise d with 1 ml of 0.3 N barium hydroxide followed by 1 rnl 

Duplicate 0.6  ml aliquots of 

t he s upernatant obtaine d  following centrifugation were place d  on to a 

c o lumn of 0.5 ml of anio�exchange re s in (Dowex- 1-chloride ; 1 X8-200, 

Sigma Chemical Co, U. S . A. ) in a pas teur pipette (5 mm internal diame ter) . 

A 2 ml dis tilled water e luate was c ollected from the c o lumn for fructose 

e s timation. 

This ion-exchange chromat ographic step e limi nat e d  phosphofruc tose 

which is a s ignificant c onstitue nt of seminal ves icles ( Lindner and 



Mann, 1 960;  Mann, 1 964) . T he se parat ion procedure av oide d the 

labor ious e thanol extrac t ion step in the method of Li ndne r and Uann 

and was bas e d  on a s imilar t e c hnique de scr ibed by Bas s i  and 

Gree nberg ( 1 972 ) .  

The 2 ml e luates were treated with a 2 ml ethanolic s o lut ion 

of 0.1 %  (w/v) res orcinol and 6 ml o f  3D.% (w/v) hydro c hloric ac id, 

6 4  

the n  i ncubated a t  90
°

C for 1 0  minutes i n  a water bath . After c o o ling, 

the int e ns ity of the red c olour formed was me as ured in a Spec tronic 20 

c ol orimeter (Baus c h  and Lamb Inc . ,  u.s.A. ) at 490 nm .  Seminal 

ves icular fruc t os e  c onte nt was calculate d  from a ca libration c urve 

pre pared with standard s o lut ions of fruc t os e .  Sem inal ves icular 

fruc t ose c o nc e ntrat ions were calculated by div iding the fruc t os e  

c onte nt (mg ) by t he combine d  we ight of t h e  seminal v e s i c le s ,  and was 

expre s s e d  as mg/g wet t is s ue .  

( 3 )  Epididymal Spe rmat oz oal Re s e rves 

Epididymal s permat oz oal re serves we re de termined by dire ct 

c ounts o f  diluted epididJ�al homogenate s  prepared by a t e chnique 

s imilar t o  t hat of Lino ( 1 972 ) . Indiv idual epid idymides were cut 

int o  p ie ces and homoge niz ed in 200 ml of 0.9,% (w/v) s aline us ing the 

400 ml chamber of a S orvall omnimixer ( Ivan Sorvall, I nc . ,  U. S . A. ) . 

P�t e r  homoge nizat ion the t otal volume was made up t o  250 ml and 

duplicate 50 ml aliquots were filtered through two t hi�kne s s e s  of 

s urgical gauze ( 8 ply) , which was was hed with a further 50 m l  of saline . 

Spermatoz oal c once ntrat ions were de termined from duplicate haemocyto

meter c ounts after an appropriate dilut ion ( up t o  1 :  9) of e ac h  

suspens ion. Duplicate e s t imates were made for e ach e p ididymis and 

a ll res ults were ut ilized ( after mult iplying by d ilut ion fac t ors ) to 

prov ide an e s t imate o f  the total number of epididymal s permat ozoa per 

ram. 

The average values for total ep idi�al spermat oz oal res e rv e s  



using this method wore 40. 02_i+. 95 ( S . E . ) x 1 09 from rams in 

Experiments 3 and 4, and 61� .55 .. :!}. 78 x 1 o9 in Experime nt 6 .  Mean 

total testicular weights �vere 231+. 04.:!;1 4. 74 and 355 . 74.;t25 .J+4 g, 

respective �. According to the calculation described by Dott and 

Skinner ( 1 967) , the the oretical e pididymal spermatoz oal re s e rves 
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for testes of these we ights ( testicular weight x 0.� 22 x 1 09 x 1 3 , 

to 1 5 ) should have been between  37. 1 2 and 42 .82 x 1 09 for Experiments 

3 and 4, and betwee n 56 .42 and 65.1 0 x 1 09 for Experime nt 6 .  

These t he oretical values were in close agreement with the results 

obtained by the method described above . 

(4) Hydroxyindole-0-meth,yl Trans ferase As say 
The hydroxyindole-0-methyl trans ferase (HIOMT ) activ ities of 

pineal glands from rams in Experio� nts 3 and 4 were ass ayed by a 

method adapted from the technique des cribed by Axelrod, Wurtman and 

Snyder ( 1 965 ) .  

After thawing, each pineal sample ( represe nting about one-half 

of a pineal gland) was trar�ferred to a c onical glas s nand homogenizer 

containing 500 111 of ice-cold 0.2 M tris (hydroxymethyl) aminomethane-

HCl buffer, pH 8 . 8  ( tris-HCl buffer) . When the s ample was completely 

homogenized, duplicate 200 11l aliquots of homogenate were trans ferred 

to 1 5 ml glass-stoppered tes t  tubes , together with 50 jJl of tris-HCl 

buffer containing 300 nmoles of N-acetyl serotonin ( Sigma Chemical 

Company, U. S.A. ) , and 50 111 of  tris-HCl buffer containing 50 nmoles 

of S-adenosyl-L-methionine-1 4c ( 0.5 mC�mmole , The Radiochemical 

Centre , Amersham) . After mixing then incubation at 37°C for 30 

minutes,  the reaction was stopped by the addition of 1 ml of 0 . 2  M 

borate buffer, pH 1 0.0.  Me latonin formed during the.  incubation was 

extracted by shaking the reaction mixture vigorous ly with 6 ml of 

toluene-is oamyl alcohol (4: 1 ) .  After ce ntrifugation a 5 ml aliquot 
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of the s olvent layer was traru3 fcrred t o  a glass scintillation v ial t o  

which 5 ml of scintillation fluid (tolue nu containing 6 g 2 , 5-diphe nyl 

oxazole and 200 mg l ) l;.-J;[2- (5-phe nyloxaz ol�be nzene )  per litre ) was 

added. Radioactivity was de termined in a Packard Tri-C arb 

S cintillation Spectrometer (Model 3375 ) and the counts obtained were 

corrected for que nching us ing the external standard channe ls -rat io 

technique . A control incubat ion, in which 200 �l of buffer was 

s ubstituted for the pineal homogenate ,  was performed concurrently to 

determine the s mall amount of S-ade nosyl-L-methionine-1 4c that was 

extracted by the s olvent, and the few counts s o  obtained were 

subtracted from those rec orded for the s amples . Enzyme activity was 

expressed as DP�mg wet we ight of tissue and DP1Vpineal gland .  

( a) Dis cuss ion of HIOMT As say Method. The use of tris-HCl 

buffer at pH 8.8  was based on the finding of Quay ( 1 971 ) that tris-HCl 

prevented the reduction in product formation by high leve ls of substrate 

which occurred in 0.1 M s odium phosphate buffer, pH 7.9.  

Concentrations of the N-acetyl serotonin and S-adenosyl-L-meth j onine-14c 

used in the present assay were calculated from the levels s uggested by 

We iss ( 1 968) .  

Empirical des ignat ion of HIOMl' act iv ity in terms o f  DPM/wet 

weight of t issue and DPM/pineal was used for the sake of s implicity 

and to avoid the assumpt ions required in the use of a calculat ion such 

as picomoles of me latonin formed per mg t is sue per hour, which is  the 

usual de finition for one unit of activity. This latter calculation 

would require the assumption that the s pecific activity of the 

S-adenosyl-L-methionine-1 4c had not altered s ince its determination by 

The Radiochemical Centre . As S-adenosyl-1-methionine is an unatable 

c ompound (K.G .  Oldham, pers onal c ommunicat ion) , such an assumpt ion 

about its labelled derivatives c ould be incorrect. 

Differences in the we ights of pineal tissue as sayed in this 

system were sm�ll, thus pos s ible s light variations in the homogenate 



volumes would not have bee n expected t o  introduce significant error3 

into the estimations of pineal enzyme activity. 

The presence of endogenous subs trata ( N-acetyl serotonin) in 

pineal homogenates was tented by adding 50 lJ l  of tris-HC l  buffer 

instead of N-acetyl serotonin to the s ys te m .  This e ndoge nous 

subs trata accounted for 6 DPM/mg wet weight of tissue , or 1 0.1  units 

(as defined above ) .  
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Ram pineal glands fiS sayed in this system had HIOMT activities 

ranging from 32. 8 to 236 .5  DPM/mg wet wt . tissue, or 59.1 to  426.1  

units . Values for pineal HIOMT act iv ity obtained in  the pre s e nt 

ass �  encompass the levels determined in yearling s heep (ewes and 

wethers ) by D . J .  Kennaway ( pers onal communication) of 73 .4j:_7.lt- units , 

a nd in ewes by Cardinali, Nagle and Ros ner ( 1 974a) who reported mean 

activities ranging from 50 to 1 99 units . 

8 .  HORMONE ASSAYS 

( 1 ) Reasents 

Phosphate buffered saline (PBS) contained o.� M phosphate 

buffer and 0. 1 4. M s odium chloride , with 0. 01 %  (w/v ) s odium merthiolate 

as a preservative ; pH was adjus ted to 7.3.  

0.02 M EDTA-PBS and 0.05 M EDTA-PBS were s olutions of  0.02 M 

and 0.05 M ethyle ne  d iamine tetra acetic acid, disodium s alt (EDTA) , 

respectively in PBS. 

PBS-0. 1 %  ge latin was a s olution of  0 . 1%  (w/v ) gelatin in PBS. 

0 .01 M EDTA-PBS-0.1 % gelat in contained  an addition of 0.01 M 

EDTA in PBS-0. 1 %  gelatin. 

PBS-1 % EW was prepared by addition of 1 %  (w/v ) egg albumin 

powder to PBS . 

PBS-0. 1%  BSA and PBS-.3% BSA were s olutions of 0 . 1 % (w/v ) and 

.3% (w/v ) bovine serum albumin, re s pe c t iv e ly in PBS . 
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Organic s olve nts (main\y technical grade ) were redistilled 

before use .  Ethanol was purified by refluxing for 8 hours over 

m-phe nyle nediamine then redis tilled three times . 

Scintillation fluid cons isted of toluene-Triton X-1 00 ( 2 : 1 ) 

containing 3 g 2 ,  5-diphenyl oxazole and 1 00 mg l ,k-J;·,[2-(5-phe nyloxazol� 
benze ne ) per litre . 

( 2 )  LH AssaY, 

OVine-LH was measured by radioimmunoassay following the double

antibody technique of Niswer�er et ·al . ( 1 969) . 

( a) Radioiodination of OV i ne - IJi  With 
1 251 . Radioiodination of 

ovine-UI was carried out us ing a modification of the chloramine T 

method of Greenwood, Hunter and Glover ( 1 963 ) .  

One mCi of iodine-1 25 (1 00 mC�ml, The Radiochemical Centre , 

Amersham) was added to 2 � g of highly purified ovine-LH ( LER-1 374 A) 

in 25 �1 of 0.5 M phosphate buffer, pH 7.5 . Thirty �g of chloramine 

T in 1 5  � 1 of 0 .05 M phosphate buffer, pH 7 .5, were added to start the 

reaction. After two minutes the reaction was stopped by the addition 

of 500 �g of s odium metabisulphite in 50 �1 of 0.05 M phosphate buffer, 

pH 7.5, then 1 00 �1  of a trans fer solution consisting of 1% (w/v ) 

potassium iodide , 0. 01 %  (w/v) bromophenol blue and 1 6% (w/v) s ucrose in 

distilled water, was added. This mixture was then transferred 

quantitatively to a 1 x 25 cm polyacrylamide gel colu.:nn (Bioge l .P60, 

Biorad Laboratories ,  u. s .A. ) prev iously e quilibrated with a combination 

of 20 ml of 0.05 M phosphate buffer, pH 7.5 and 1 ml of PBS-1 % EW. 

The reaction container was rinsed with 70 �1 of a s olution containing 

1 %  (w/v) potas s ium iodide , 0 .01 % (w/v) bromophenol blue and &/o (w/v) 

s ucrose in distilled water, which was then also transferred to  the 

column. One ml fractions e luted from the column were collected into 

tubes containing 1 ml of PBS-1 % EW. These fractions were c ounted for 

radioactiv ity then stored frozen until required. Iodinated ovine-LH 
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was U3ual� most concentrated in  fractions three to five , the one 

containing the highest number of counts be ing used in the radioimmuno-

assay. 

(b) Preparat ion of Pre c i�itat ing Antisera. Anti.3era raised 

against rabbit gamma globulin were prepared in sheep by intramus cular 

injections of 25 mg of rabbit gamma globulin ( Fraction II "Pentex" , 

Miles  Laboratories Inc . ,  U. S . A. ) in an emuls ion of 2 .5  ml of comple te 

Fre und' s adjuvant and 2 . 5  ml 0 . 9,%  ( w/v ) sterile s aline .  Subsequent 

boos ter injections , containing 1 0  and 25 mg of gamma globulin in an 

emulsion of incomplete Freund' s adjuvant and saline , were g iven at 

approximately three weekly intervals . 

After titration for capacity to precipitate antibody-bound 

1 2 5r -LH, sera from individual bleedings were pooled and used at a 

1 in 8 dilution with 0.05 M EDTA-PBS for the radioimmunoassays . 

( c )  Radioimmunoas say Procedure . Polystyrene tubes 

(1 1 x 75 mm) were used for all phases of the radioimmunoass ay 

procedure , and both unknown samples and standards were assayed in 

triplicate . 

S tandard solutions of ovine-LH ( NIH-LH-S1 8) were prepared in  

200 � 1  of PBS-1 % K#, t o  provide a s tandard curve corresponding to  a 

range of plasma concentrations from 0 to 8 ng/ml. Hypophysectomized 

ewe plasma (200 �1) was added to each standard tube , while sample 

tubes contained 200 �1 of unknown plasma. Both standard and sample 

tubes were then adjusted to contain a volume of 500 � 1, by addition 

of PBS-1 % EW. Two hundred �1 of rabbit anti-ovine-LH serum ( # 1 5, 

c ourtesy of Dr. G. D. Niswe nder, C olorado State Univers ity, u. s . A. ) ,  
diluted 1 in 80, 000, with 0 . 05 M EDTA-PBS containing non-immune rabbit 

serum ( 1  in 400) was added to  each tube prior to incubation at 4°C 

for 24 hours . Radioiodinated ovine-LH ( approximate ly 50, 000 cpm 

diluted t o  1 00 �1 with PBS-0.1 % BSA) was added to  each tube and t.he 
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0 incubat i o n  was allowed t o  proceed for a further 24 hours at 4 c .  

After adding 200 � of dilute d pre c ipitat ing a ntiserum, the 

mixture wa.s i nc ubate d  for 72 hours at 4 ° C ,  be fore antibody pre c ip i t a t i o n  

was c omple t e d  by ce ntri fug ing at 1 900 1i for 30 minut e s  a t  4 ° C .  T he 

s upe rnatant was the n  remo ,To d by a.s p ir a t ion and the pre c ip itate counted 

for one m i nute in a Packard Auto-Gamma Scint il lat ion Spe c trome ter 

( Mode l 5285 ) . 

Each as s qy  c onta ined a triplic ate o f  tubes from which the f irs t 

ant ibody was omitted, t o  prov ide a che ck on the lev e l  of non-s pe c ific 

b .  nd ' f 1 25r LH � 1 ng  0 - • 

An IBM 1 620 c omputer was us e d  to de termine plas ma LH 

c once ntrat ion.s by the me thod of Burge r, Lee and Rennie ( 1 972 ) .  With 

this t e c hnique a be s t-fit expre s s ion for the s tandard c urve was 

c alculated, the n values for t he 's amples (meaM�tandard dev iation.s )  

were c omputed. A c omp os ite s tandard c urve repres e nt i ng the mean 

values from seven c o �� e cutive assays is s h own i n  F igure 2 . 9. 

( d )  Valid�t io n  o f  Ovine-LH Rad ioimmunoas saz. T he s pe c ific ity 

of the oy i ne - LH antis erum has be e n  determine d  by Niswe nde r e t  al. 

( 1 969) . These authors s howed that rad io immunoas s ay  e s t imates of LH 

p ote ncy were not affe c t e d  by high levels o f  follic le s t imulating 

hormone ( FSH) , thyroid stimulating hormone (TSH) , growth hormone ( GH )  

or prolactin. 

Reduction o f  the quantity o f  sample plasma down t o  25 lJl, did 

not influence the estimate of its LH c o nc e nt ration s o  long as t he 

v olume of plasma per t ube was made up t o  200 lJl with hypophysectomized 

ewe plasma (Table 2 .2 ) .  Thus it was poss ible t o  us e this ass ay t o  

measure the LH conte nt of plasma c ontaining up t o  64 ng/ml LH .  T h is 

finding als o demons trated paralle lism be twe e n  the dose -re s ponse c urves 

for LH in plasma samples and in standards . 

Re c overy o f  hormone adde d to  plasma was not che cke d since t he 
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Tab l e  2 . 2 

Effec t  of d i luti on with hypophys e ctomiz ed sheep plasma , on estimates  of LH c oncentrati on 

Plasma LH c onc entrat ion (ng/ml ) * 

Undi luted Di luted 1 : 1  Di luted 1 : 3  

5 . 4 5 . 2 4 . 9  

4 . 4  4 . 3  3 . 6  

4 . 8  - 5 . o 

4 . 5  3 . 9 3 . 4 

4 . 0  3 . 5  3 . 4 

* Each value repres ents the mean of a triplicate . 

results of five as says . 

Di luted 1 : 7  

4 .  5 

3 . 4 

5 . 0 

3 . 8 

3 . 8 

� 1'\) 
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LH s tandards in the pre s e nt me thod were adde d to tube s c o ntai ning 

200 l-1 1  of hypophyse ct omiz e d  ewe plasma, and the n  proce s s ed through the 

usual procedure . Als o the data pre s e nt e d  in Table 2 . 2  i ndicated that 

e ndoge nous hormone added to hypophys ectomized ewe p las ma, was 

re c overe d quant itativ e ly. 

Non-spec ific binding, e s t imated in the abs e nce of unlabe lled 

hormone was always low ( le s s  than 1 6;� of the counts bound in the 0 ng/ml 

s tandard) , and the c ounts obtaine d were not s ubtracted from t hose 

re c orde d for the s tandards or s amples . 

Ass ay  s e ns itivity, defined as the lowest po int on the s tandard 

c urve wit h  a c oe ff ic ie nt of variat ion e qual to 5� ( Burger, Lee and 

Re nnie , 1 972 ) ranged from 0.04 t o  0.1 1 ng/ml. This range of value s  

c orre s ponded with the lowest plasma LH c once ntrations with 95% fiduc ial 

limits which did not overlap zero . 

Reproduc ibility of ass ay res ults was estimated by as s aying 

two p lasma s ample s , four times in e ach as s ay, over a number of as s ays . 

One s ample with a low Ill conce ntra t i o n  (mean 0.55 ng/m l) had a beb·e e n

as say c oefficient o f  v ariation (CV) of 22.5% for four as s ays , and a 

w ithi n-as s ay CV of 1 o. 7%. Another s ample (mean 4.1 7 ng/ml ) had a 

betwe e n-ass ay CV o f  1 8.2'}la in twe nty as s ays , and a within- as s ay CV of 

8.6%. 

On the bas is of the validat ion te s t s  performed, it was 

cons idered that this as say provided reliable estimat e s  of ov ine plasma 

LH leve ls . 

( 3 )  Prolactin Ass5Z 

Ovine prolactin was measured by a double-antibody radioimmunoas s ay 

s imilar t o  the procedure de s cribed above for ovine-LH. 

( a ) Labe llillji of Ovine Prolactin With 1 25r .  Radioiodinat ion 

of ovine prolact i n  was carried out by the method of Gre enwood, Hunter 

and Glover ( 1 963 )  with modificat ions by Fe ll et al. ( 1 972 ) and Koprowski 



and Tucker ( 1 971 ) , as described by Langley ( 1 974) . 

One mC i  of iodine-1 25 ( 1 00 m:: i/ml, The Radiochemical Centra , 

Amersham) was added t o  approximately 5 J_Jg of highly purified ovine 

prolactin ( LER-860-2, c ourtesy of Dr. L . E .  Re ichert Jr. , Emory 

Univers ity, U. S .A. ) in 30 �1 0.5 M phosphate buffer, pH 7.5.  Twenty 

JJg of chloramine T in 20 �1 of 0.05 M phosphate buffer, pH 7.5, were 

added to start the reaction which was allowed to proceed for 60 

seconds . The reaction was stopped by the addition of 20 lJ 8  of 

s odium metabisulphite in 20 lJl of 0 :-05 M phosphate buffer, pH 7.5.  

Mixing was maintained throughout the period of the reaction and for 

a further 60 seconds . A tram fer s olution c ons isting of 30 lJl 1 %  

(w/v) potassium iodide , 0.01 %  (w/v) bromophe nol blue and 1 6% (w/v) 

sucrose in  0.05 M phosphate buffer, pH 7.5, plus 30 lJl phosphate 

buffer  pH 7.5, and 30 lJl  hypophysectomized ewe plasma was added. The 

mixture was then transferred quantitatively t o  a 0. 7 x 1 8 cm 

polyacrylamide gel column (Biogel P60, Biorad Laboratories ,  U. S .A. ) 

which previously had bee n  equilibrated with 1 5  ml of 0 . 02 M barbital 

buffer, pH 8.6, c ontaining 2�/o ( v/v) aceto�E ,  and 2 ml of the same 

buffer containing 5% · ( w/v ) bovine serum albumin. One ml fractions 

eluted from the column were collected into 1 ml of PBS-0.1 % gelatin. 

Aliquots from these fractions were counted for radioactivity and that 
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containing the greatest number of c ounts c orresponding t o  radioiodinated 

prolactin, was further purified on a 1 x 25 cm dextran gel c olumn 

(Sephadex G1 00, Pharmacia, Swede n) .  This column previously had been 

equilibrated with 25 ml of  0.02 M barbital buffer, pH 8 .6  containing 

20}& (v/v) acetone, and 2 ml of the same buffer containing 5% (w/v) 

bovine s erum albumin. Again 1 ml fractions were c ollected into 1 ml 

of PBS-0.1 % gelatin and aliquots were c ounted for gamma radiation. 
oP 

The fraction with the peak level
�

radioact ivity was used in the 

radioimmunoass�. 
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( b) Preparation of Prolac t in Ant iserum .  Antiserum ( courtesy 

Prof. D . S .  Flux, Massey University) raised against bovine prolactin 

(NIH-B1 ) wa3 pre pared in rabbits by an initial set of intradermal 

injections containing a total of 4 mg bovine prolactin in 1 ml of an 

emul2 ion of Freund' s complete adjuvant and saline . At weekly intervals 

three further series of injections were made using 2 mg of bovine 

prolactin in an emuls ion of Fround' s incomplete adjuvant and s aline . 

One week after the final inje ctions blood was collected from an ear 

vein and the anti3er� subsequently collected after clot contraction. 

( c )  Radioimmunoas s��Procedure . Polys�rene tubes ( 1 1 x 75 mm) 

were used for all phases of the radioimmunoass� procedure , and both 

s tandards and unknown s amp le s were a3 sayed in triplicate . 

St andard s olut ions of ovine prolactin (NIH-P-31 1 )  were pre pared 

in 200 � 1  o f  PBS-3% BSA, to provide a star.dard curve c orre s ponding t o  

a range of plasma c oncentrations from 0 t o  256 ng/ml. Hypophysectomized 

ewe plasma ( 200 � 1) was added to each standard tube , while s ample t ubes 

contained 200 ]J l  of unkno\vn plasma. Both standard and sample tubes 

were then adjusted to  contain a v o lume of 500 ]J l  by addition of 0.01 

M EDTA-PBS-0.1 % gelatin. Two hundred �1 of rabbit anti ovine prolactin 

serum, diluted 1 in 8, 000 with 0 .02 M EDTA-PBS containing non- immune 

rabbit serum (1 in 400) , wa3 added t o  each tube prior to  incubation at 

0 4 C for 24 hours . Radioiodinated prolactin (approximate ly 50, 000 

cpm diluted to 1 00 J.l 1 with 0.01 M EDTA-PBS-0.1 % ge latin) was added t o  

each tube and the incub�tion allowed t o  proce ed for a further 24 hours 

0 .. 
at 4 C .  Pre cipitation of antibo� was c ompleted by ce ntrifuging at 

0 
1 900 .s, for 30 minutes at 4 C • The s upernatant was removed by 

aspiration and the precip itate c ounte d for one minute in a Packard 

Auto-Gamma Sc intillat ion Spectrometer (Mode l 5285 ) or an LKB-Wallac 

Ultrogamma c ounter (Mode l 1 280) .  

Non-specific binding and unknown hormone c oncentrations were 
* Aft er adding 200 ul of the pre cipitating antiserum (as de scribed for the 

LH a s say) diluted 1 in 8 ,  the mixture wa s incubat ed for 72 hour s at 4°c . 
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determined as de s cribe d for the LH assay. A c ompos ite s tandard c urve 

representing the mean v alue5 from s ix c o ns e c ut ive ass ays i8 shown in 

Figure 2 .1 0. 

(d ) Validat ion ot_Ov i ne  Prolact in As s ay. I n  ge ne ral, this 

ovioo prolactin ass ay  was validated by c o nducting t e s ts s imilar t o  

thos e des cribe d  for validat ion o f  the LH ass ay. 

Specificity of the prolact i n  antiser�� was indicated by the 

lack of cross-reaction with the ov ine anterior pituit ary hormones 

tes ted, namely : GH, TSH, LH, FSH and adre noc ort ic otrophic h ormone 

(ACTH) ( see Figure 2 .1 1  ) . 

Dilution with hypophyse c t omized ewe plasma did not affe c t  

the e s t imated prolactin content of t w o  plasma samples ( s e e  Table 2 .3 ) .  
1 25 . Also non-spe c ific binding of I -prolact l.n was low ( less than 1 2% of 

the counts bound in the 0 ng/ml standard) and thus ignored i n  the 

c omputati on of ass �  res ults . As say se ns itivity ranged from 1 .o t o  

2 .0 ng/ml and the reproducibility o f  results was checked by as s �ing 

two samples repeatedly in a nu;nber o f  ass ays . One wether plasma 

s ample (me an 1 05 .4 ng/ml) displayed a betwe e n-as s ay  CV of 6 .4% in 

s eve n ass�s ,  and a within-assay CV of 6 .2%, bas e d  on four e s t imate 3  

per assay. Another wether plasma sample (mean 42 .5 ng/ml) dis played 

· a  between-assay CV of 1 0.2% in the seven assays , and a within-ass ay 

CV of 9.9,%, based on five estimates per assay. 

Prolactin levels measured in rams by the ass ay des cribed above 

were s imilar to those reported in the literature (Pelletier, 1 973 ; 

Chamley et al. , 1 974; Forbes et al., 1 975 ) ,  although both Pe lletier 

and Forbes et al. reported s ome mean levels higher than 1 50 ng/ml, 

which exceeded those obtained in the present studies .  

This assay thus see me d to be re liable and accurate . 

(4) Testosterone Assgys 

(a) Prote in-binding Ass�. Plasma samples from Experiments 
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Table  2 . 3 

Effe c t  of di luti on with hypophys e c tomiz ed sheep plasma , on estimates of pro lactin c onc entration of two plasma sampl es . 

Plasma prolactin c onc entration ( ng/ml ) * 

Sample  Number Und i luted Di luted 1 : 1 Di luted 1 : 3  

5 6  5 6 72 

57 66 80 

2 80 72 40 

85 84 9 2 

73 74 64 

* Each va lue represents the mean of a tripli cate . 

-'-.) \.0 
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3, 4 and 5 were assayed for testosterone content us ing a competitive 

protein-binding assay based on the method described by Anders on ( 1 970) . 

( i) Extraction Procedure . Duplicate 1 ml plasma samples were 

alkalinized with 0.1 ml 1 N NaOH, then extracted in 1 6  x 1 00 mm glass 

test  tubes by vortex mixing for 20 seconds with 5 ml of t oluene-

hexane ( 1 :4) .  After centrifu ging the tubes to break any emuls ion 

formed, the aqueous layer was frozen. The a ol vent layer was then  

decanted into gla�s test tubes and evaporated t o  �ness under air in 
0 a water-bath at 45 c .  Dried extracts were redi8s olved in 0.6 ml of 

0.1 5 M sodium chloride containing 4% (v/v) ethanol ( ethanol-s aline ) ,  

and stored at 4 °C overnight. Extraction efficiency was �' aa 

judged by the recovery of tritiated testosterone after extraction and 

redissolution. 

( ii )  Ass<�y Procedure . One-half ml aliquots of the redissolved 

plasma extracts were transferred to  1 0  x 75 mm glass tubes . Then to 

e ach tube was added 1 ml of a s olution containing 1% (v/v) human late 

pregnancy plasma and approximately 45, 000 cpm of tritiated testosterom 

( 1 a , 2 a -3H-testosterone, 56 Ci/mmole ,  The Radiochemical Centre, 

Amersham) , in e qual volumes of 0.09 M phosphate buffer, pH 7.4, and 

0.1 5 M s odium chloride . After m ixing, the solution was incubated at 

45°C for 1 0 minutes and then placed in a 1 °C ice-water bath for a 

further 20 minutes .  Separation of free and protein-bound steroid was 

accomplished by adding 40 mg of F lorisil (60-1 00 mesh, Floridin C o . ,  

Sweden) and shaking the tubes for 70 seconds i n  a mechanical s haker. 

After standing for 20 minutes in the ice-water bath, 0.5 ml aliquots 

of s upernatant were transferred t o  glass scintillation vials, and 8 ml 

of scintillation fluid added. Levels of protein-bound tritiated 

testosterone were counted in  a Packard Tri-Garb Liquid S cint illation 

Spectrometer (Model 2002 or Model 3375 ) .  

Duplicate 1 ml samples of pooled wether plasma, containing 



addttiona of O, 1 ,  2, 5 ,  1 0  and 20 ng te s tos terone (Mann Res e arch 

Laboratories , U. S .  A. ) ,  were processed in the s ame manner as unknmvn 

8 1  

plasma sample s .  Standard c u.rves were obtained by plotting cpm bound 

versus testosterone c once ntrat ion in these s amples · of wether plasma. 

Test os te rone c once ntrations of samples were read directly from the 

s tandard curve . A composite standard curve, representing the mean 

from twe lve co twecutive assays,  is shown in Figure 2. 1 2 .  

( iii ) Validation of Test osterone Assay. C omprehe ns ive s t udie s 

of the binding of various sex s te�oid.s t o  the sex hormone binding 

globulin (SHBG) of human plas ma have be e n  reported by Kato ar� Horton 

( 1 968 ) ,  Mayes and Nugent (1 968) ,  Maeda et al. (1 969 ) ,  Murphy ( 1 969) , 

Ros e nfield, Eberlein and Bongiovanni ( 1 969 ) ,  Anders on (1 970 ) ,  Horsan 

and Riley ( 1 97LI-) and Thomas , G·ordon and Smid ( 1 974 ) .  These reports 

indicated that the presence of a 1 7 B -hydroxyl group was an esse ntial 

requirement for this binding, and that the naturally-occ�ring steroids 

which displayed highest affinity t o  SHBG were 5a-dihydrotestosteror.e , 

test osterone , 5:t -andros tane-3B ( ora ),1 7B-diol, 5-and.rostene- 3 ,  1 7  B-diol, 

4-androstene-3B ( or a ) , 1 ?B -diol, and oestradiol-1 7B , in that order. 

With the except ion of oes tradiol-1 ?B , which would h ave be e n  e limin..-=tted 

by the alkaline extraction procedure in the pre s e nt as s ay (Enge l 

et al . ,  1 950) ,  all the other steroids named above ure pote nt androgens 

(Murphy, 1 969) .  The evide nce available has indica.ted that 

tes tosterone is t he princ iple androge n in ram plasma and that other 

androge ns are pre sent at low c oncentrations only (Lindner, 1 961 ; 

Attal, 1 970) .  Als o, studies on male human plasma have s hown that 

androgens like ly to interfere with this tes tosteror� as s �  are pre s e nt  

a t  v e ry  low c oncentrations (Ito a nd  Horton, 1 970; Tre mblay e t  al . ,  

1 970; Gupta, McC afferty and Rager, 1 972 ; Ganjam e t  al. ,  1 973 ) ,  or 

as sulphates (Des sypris and Adlercruetz, 1 972 ) .  T hus , although on 

the ore tical grounds the pre s e nt as s ay  is not specific for testosterone, 
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only s light over-e s t imat ions of te st os terone concentrations in ram 

plasma are likely to have occurred. 

Paralle lism of the s t andard curve with a curve produced by 

as s aying vary i ng quantit ie s o f  androgen, extracted from varying 

v olumes of unknown plasma, was verified by ass aying a plasma s ample 

undiluted  ( 1 0. 7�. 8 ng/ml) , diluted 1 : 1 in hypophyse ct omize d ewe 

plasma (1 0. 2 +1 .4 ng/ml) , and di luted 1 : 3 ( 7. 8 +2 . 1  ng/ml) , ( n = 6) . - -

Likewise a further plasma s ample undiluted ( 2 . 4.:!;0 . 2  ndml) and 

dilute d  1 : 1 in hypophysectomized ewe plasma ( 2 . 5 +0 . 2  ng/ml ) , ( n = 6 ) ,  

c o nfirmed parallelism over the use ful range of the stande.rd curve . 

Rec overy of standard te st osterone added to wether plasma was 

quantitative ; this result was expected since t he s ta ndards were 

added t o  we t he r  plasma and processed  in the same manner as the unkno\m 

s amples . 

Dis tilled water " blanks" were extracted c.nd as sayed by the 

usual procedure . Also s amples o f  ethanol-s aline were proce s s e d  

through the post-extraction s teps as a further set of "blanks " . 

Results obtained for both sets of blanks we re indistinguishable frorr. 

the zero s t andard in wether plasma. This agreeme nt of assay results 

indicated that the assay syste m  dete cte d only those androge ns of 

testicular origin, and als o t hat the wether plasma did not contain 

dete ctable leve ls of androge ns . 
Assay sens itivity, defined as the lowe s t  tes tosterone 

c once ntrat ion s ignificantly di.fferent from zero (Midgley et  al. , 1 971 ) ,  

varied be twee n  0.5 and 0 . 8  ng/m l .  

Be twe e n-as s ay precis ion was estimated by assaying t w o  plasma 

s amp les in e ach of twe lve as s ay s .  The between-ns say c oe ffic ie nts of 

variation (CV) we re 1 2. 7,%  and 22 .5% for samples with mean test os terone 

c oncentrations of 1 0. 9  n&fml and 1 .o ng/ml, re spective ly .  Within-

ass ay  pre cis ion was estimated from the variation betwee n duplicates 
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for unknown pla� ma s amples over two range s of ho1�o ne c once ntration. 

Within-ass � CV for fiftee n  s ample s was 8 . 6% in the range 4-7 ng/ml, and 

21 . 6% in the range 1 -2 ng/ml .  

Plas ma te s t os terone c o nce ntrat ions determined i n  t his as s ay  

were c ons iste nt with publis he d values for t estosterone leve ls i n  rarr� ,  

which range from 0 t o  28 ng/ml ( Attal, 1 97o"; Johns on, Des jardins and 

Ewing, 1 973 ; Kat ongole , Naft o lin and S hort, 1 974; Purv is , Illius 

and Haynes , 1 974; S anford, Palmer and Howland, 1 974a; S anford et al. , 

1 974]?.; Falv o e t  al . ,  1 975 ; Gomes . and Joyce ,  1 975 ; Bremner et al. , 

1 976 ; Lee e t  al . ,  1 976 ; L inc oln, 1 976!:) . 

( b )  Radioirununoas s ay I .  Plasma s a�ples from Experiment 6 

were analys e d  for tes tosterone conte nt by a radioimmunoas s ay based on 

the me t hod of Smith and Hafs (1 973) . T his ass ay was dev e l oped s o  

that t e s t os terone me as ureme nts c ould be made on smaller v o lurees of 

plasma, thereby increas ing the ntwber o f  re plicates t hat c o uld be 

performed on any one plasma s ample . Als o radioimmunoas s ays 

the oret ically offered a higher degree of s pe cificity than prote in-

binding as says . 

( i ) Extract 1.on Procedure . Triplicate 1 00 lJ 1 plas ma s ample s 

were alkalinized with one drop of 0.5 N s odium hydroxide , the n  

extracted with 2 m l  o f  t olue ne -hexane (1 : 2 )  by vortex mixing for 30 

s e c o nds in 1 6  x 1 00 mm glass t e s t  t ube s .  After fre e z ing the aque ous 

laye r, the s olvent was de c anted int o 1 0 x 75 mm glas s te s t  tubes ar.d 
0 

evaporated t o  dryne s s  under air in a wat er-bath at 45 c .  The walls 

of the tubes were rins ed with 300 l-.1 1 dichloromethane and the extract 

again evaporated to drynes s .  Re c overy of trit iated tes t os terone 

extracted by this procedure was approximat e ly 9Q%. 

Aliquots o f  andr oge n- free we ther p lasma, c o nt ai ning appropriate 

addi t i o ns  of tes t os terone ( Mann Re s e arc h  Laborat orie s , U. S . A . ) ,  were 

extracted in the s ame manner as the s amples to provide a s tandard 



curve over the range 0 to 25 ng/ml. 

( ii )  Radioimmun0(12SSY Proce dure . Two hundred � 1  of 

te s tos terone antis erum (Pool 667, raised in rabbits agains t 

tes t os terom-3- (0-carboxymethyl ) -oxime-bov ine serum albumin, c ourtesy 

Dr. G.D.  Niswender, Colorado State University, U. S . A. ) diluted 1 in 

2, 000 in PBS-0.1 % gelatin c ontaining non-immune rabbit sert� (1 in 

200 ) ,  was added to t he bott om of each tube then incubate d at room 

temperature for 30  minutes . Approximately 1 5 , 000 cpm of tritiated 

testosterone (1 , 2 , 6, 7-
3
H-test osterone , 84 C �mmole , The Radiochemical 

C entre , Amersham) in 200 )Jl of PBS-0. 1 %  ge latin were then adde d and 

incubated overnight at 4
°

C .  

Fre e  s teroid was precipit ated by addition o f  3 00  � 1  of 

dextran-c oat e d  charcoal (1 % (w/v ) dextran T70, Pharmac ia, Swe de n, and 

0.5% (w/v) charc oal, Darc o G6o, At las C hemical Indus tries , U. K. , in 

distilled water) , incubation at 4 °C for ten minute s , then centrifuea-

tion ( 1 900 �) for ten minutes at 4°C. One-half ml aliquots of 

supernatant were transferred to glass sc intillat ion vials , ar� 

following addition of 8 ml of s c int illation fluid, the radioactivity 

of the bound testos terone was c ounte d  in a Packard Tri-Carb 

S cintillat ion Spe ctrometer (Mode l 3375 ) .  

C alculation o f  testosterone c once ntrations in s ample s was 

performed graphic al� as described for the prote in-bi��ing as s�. A 

composite s tandard curve showing the mean value s from seve ntee n  

conse cutive ass ays i s  shown i n  Figure 2 .1 3 .  

( iii) Validat ion....2f_ Te s t osterone Radioimmunoa.s s?Y• Character-

isation of the ant is erum carried out by Ismail, Nis we nder and Midgley 

( 1 972 ) s howed that 5a-dihydrostestosterone was the only steroid like ly 

to  interfere ( 77fo cros s reaction) in this radioimmunoass ay. However, 

for reasons already mentioned with respect to the prote in-binding 

ass ay , this cross-reaction with 5a -dihydrotestos terone would have only 
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a minimal e ffe c t  o n  the estimat ion of testos terone levels in ram 

plasma. Paralle lism of the s tandard c urve and a curve obtained by 

as saying varying qua nt i t ies of te s t osterone extracted from a p lasma 

s ample was c hecke d  by assaying the sample undiluted (1 0 .0  ng/ml) ,  or 

diluted 1 :1 (7 .6 ng/ml) and diluted 1 : 3  ( 6.0  ng/ml) in wether plasma 

( n = 3 ) .  

The sens itivity o f  the assay was approxin�te ly 0.5 ng/ml.  

This was a cons iderable improvement on that o f  the protein-binding 

assay for which it was ne ces s ary to  extract ten times the v olume o f  

plasma to give a s imilar level of sens itivity. 

Further evidence for the validity of this radioimmunoassay was 

obtained from c omparis ons of h ormone levels meas ured in th is and the 

prote in-binding assay. Four samples  had values of 0.3,t0.1 , 2 .4,;t0.2, 

7.5:.0.5 and 1 o. 7;1J.8 ng/ml in the prote in-binding as s ay, and 0.4j_0.1 , 

2 . 6.;t0.2� 5 . 9;1J.4 and 1 0. 0:!fJ.7 ne/ml in the radioimmunoassay ( n  = 6) . 
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Between-assay precision was estimated by repe ate d as s ay of 

plasma samples . Between-assay coeffic ients of variation (CV) were 

38 . 7.% (mean, 1 . o  ng/ml) ,  21 .4% (mean, 2 . 6  ng/ml ) , 1 7. 7%  ( mean, 5 . 9  

ng/ml) and 20. 0%  (mean, 1 0.0  ng/ml) for four samples assayed i n  5 ,  7, 

6 and 8 assays , respectively.  The pooled within- as s ay CV dete rmined 

from two estimates per as s ay  of the same samples were 26 . 2%, 39.4%, 

1 9.7% and 1 8. 9%, respectively. 

( c )  Radioimmunoassay II . Plasma samples from Experiment 7 

were assayed for te stos terone conte nt by a se parate radioimmunoas s ay  

bas e d  on the method described above , but with modifications ,  i nc luding 

s ome described by Te rqui and Thimonier ( 1 974)  in their progesterone 

assay. 

( i) Extract ion Procedure . S ingle 500 11 1  plasma samples were 

extrac ted with 9 ml of toluene-hexane ( 1 :  2 )  in 1 6  x 1 25 mm s crew-capped 

glass culture tubes by shaking for te n minutes in a laborat ory shaker. 
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After f�eezing the aque ous layer, the s olve nt was dec anted into 

1 6  x 1 00  mm glass test tubes and evaporate d t o  drynes s  ur�er air in a 
0 water-bath at 40 c .  The walls o f  each tube were rinsed with 1 ml of 

dichloromethane and the extracts RBain dried under air. Re c overy of 

tritiated test osterone added to plasma prior to extraction was above 

95%. 

( ii )  Radio immunoas s ay Procedure . When dry, the extracts were 

redis s olve d  in 500 lJl of ethanol and three 1 00 lJ 1 aliquots transferred 

to separate 1 1  x 75 mm p o lystyrene · test tubes . Tes t osterone ( Mann 

Research Laboratorie s , U. S . A. ) ,  at appropriate concentrations in 1 00 f.!l 

ethanol, was als o adde4 to polys tyre ne tubes t o prov ide a trip licated 

series of standards, containing 0 t o  5, 000 pg te stosterone/tube . 

After evaporating the ethanol, approximately 25, 000 cpm 1 , 2 , 6 ,  

7-
3H-te s t osterone (� C i/mmole , T he Radiochemical Centre , Amersham) 

in 200 lJl PBS-0 .1 % ge latin and testosterone antiserum (1 in 2, 000 with 

1 in 200 non-immune rabbit s e rum, as for t he previous testosterone 

radioimmunoassay system) also in 200 lJl PBS-0.1 % gelatin, were added 

t o  each t ube . The mixture was incubated at 40°C for 30 minutes and 

0 then at 4 C for two hours . 

The methods of separating free from bound steroids by dextran-

c oated charcoal, and subse quent counting of radioactivity in 0 .5  ml 

aliquots of supernatant , were the same as in the previous te s t osterone 

radioimmunoassay, except that the counts bound were determined on a 

Beckman (Model LS-350) liquid s cintillation c ounter. C omputer 

estimation of assay results was made by the technique described 

earlier for the protein hormone radioimmunoassays . A compou ite 

s tandard curve s h owing the mean from twelve conse cutive as s ays is 

shown in Figure 2 .1 4. 

( iii)  Validat ion of T e s t osterone Radi o immunoass al• As the 

antiserum used in this ass ay  was ident ical to that us ed in the previous 
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te stosterone radioimmunoassay, the remarks c o ncerning tho s pe c i f ic 1 ty 

of that as say als o  apply in this c as e .  

Parallelism o f  the st andard curve and curves obtaine d  by 

as s aying varying quant ities o f  plasma, was checked with two s ample s ,  

undiluted ( 7.3+0.6,  3 .5,:!!).4 ng/ml ) , diluted 1 : 1 ( 7.5.;!:1 . 7, 3 . 2:f!J. 7 ng/ 
ml ) and diluted 1 : 3 ( 7. 9.;!:1 . 2 , 3.  7:1J .. 4 ng/ml) , re s p e c t ive ly ( n  = 6 ) .  

As s ay s e ns it iv ity ( Burger, Leo and Re nnie , 1 972 ) ranged from 0.06 t o  

0.1 3 ng/ml wh ich was a c ons ideraple improveme nt o n  the two te s t os ter one 

as says us e d  prev ious ly in this t he s is . 

By c omparing re s ult s obta iP.e d in t his as s ay with t hose from 

the prev ious ass ay, it W8.3 s h own t hat the pre s e nt method prov ided 

re l iable e s t imates for plas ma te s t os terone c o ncentrat ion. Three 

plasma s amples which had testosterone c once ntrat ions of 0.4:f!J.1 , 

2 .6:f!J.2,  5 . 9:f!J.4 ng/ml whe n as s aye d by Radioimmunoas s ay I ,  were 

estimated by the pre s e nt as s ay t o  have tes t os terone c once ntrat ions of 

0.1 9+0 .02, 3 .52 +0.38 and 7.05 +0.29  ng/ml, re spect ive ly ( n = 1 6 ) .  
- - -

As s ay  pre c is i on was evaluate d by as s aying two s amples twice 

in e ac h  o f  nine assays . Be twe e n-assay c oe fficie nts of variat ion (CV ) 

were 33 .4% and 1 2 .4%, and within- as s ay CV we re 5.8'/o and 1 6 .6%, for 

s amples with me an t e s tos terore c once ntrat ions of 0.1 9 and 7.05 ng/ 
ml, res pe c t ively. 

Therefore it was c o ns idere d that t his te stosterone as s ay was 

a dec ided improveme nt on the two e arlier one s ,  both i n  t e rms of 

s e ns it iv ity and pre c is ion ( lower CV) , and als o bec aus e of the gre at ly 

increas e d  number of s amples wh ic h c ould be as s aye d e ach d ay (65 !!!_ 

25 and 30 for the prot e in-binding as say and firs t ra4ioimmunoas s ay ,  

re spect ive ly) . 

( 5 )  C ortis o l  As s az 

Plasma c ort i s o l  concentrations were determine d  by Dr. D. C .  

Thurley at Wallace v ille Animal Re s e arch C e ntre , Upper Hut t ,  us i ng 



the c ompetitive protein-binding assay of Bassett and H inks ( 1 969) . 

This assqy was used without modification as outlined below. 

9 1  

Two hundred �1 aliquots of ram plas ma were deproteinized by 

prec ipitation with 400 �1 ethanol, followed by centrifugation. 

Duplicate 200 � 1 aliquots of supernatant were dried and incubated with 

500 �1 of a solution containing cortis ol-binding globulin (CBG) and 

tritiated corticosterone (1a , 2l-3H-corticosterone ) for 1 5  minutes in 

a water-bath at 45°C ,  the n cooled in iced water for 20 minutes .  

Duplicate 200 � 1 aliquots of s tandard c ortis ol s olutions in ethanol 

were dried and incubated in the same manner, to prov ide a sta·ndard 

curve covering the range 0 - 1 0 ng. Steroid-free dog plasma 

( approximate ly 0.6% v/v in phosphate buffer) was used as a source of 

CBG. Separation of protein-bound and free labelled s teroid was 

achieved by transferring the incubation mixture to a small column of 

dextran gel (Sephadex G25 ,  Pharmacia, Sweden) and collecting the 

initial 1 .5 ml of radioactive eluate into  scintillation fluid. 

C once ntrations of c ortisol in plasma samples were obtained by 

c omparing the protein-bound radioact iv ity (expressed as a percentage 

of the protein-bound radioactivity in the 0 ng cortisol star�ard) 

with the standard curve . According to  the authors , the only compour4 

likely to  interfere in this assay, corticosterone , would contribute 

little to the values for c ortisol concentration obtained from sheep 

plasma. 

9. EXPERIME.Nl'AL DESIGN AND ANALYSIS 

Details of the experimental des igns and of the ' analyses of 

variance used for each experiment are given with the description of 

the statis tical analyses in the appropriate chapters . 

( 1 )  Analyses of Va,ti_?� 
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T he analys is of variance applied t o  e ach of the v ariable s  

measured repe ate dly in Expe rime nt s 3 ,  4 and 5, c ould be repre s e nted 

by the fo llowing mode l : 

I yi j kl = � + ai + S j + y jk + ( a B ) i j + ( a y ) i jk + s i j kl 
Where e ac h  indiv idual obs erv at ion ( h ormone leve l ) or me an o f  sev eral 

obs e rvat ions ( s eme n charac ter) , made o n  e ac h  animal in eac h  t ime 

per i od or s e as o n, was as s ume d to be the s um  of a number of parame ters 

� - the general p opulat ion mean, and t he dev iat ions due to t he fo ll ow ing 

fixe d e ffects ; 

a . - the ' main e ffe ct '  of the it h  bre e d  or tre atme nt group ( i = 3 ,4) , 
1. 

B . - the ' main e ffe c t ' of the j th period or s e as o n  (j = 1 , 3 , 3 ) , J 
y'j k - the ' ne s t e d  e ffe ct ' o f  the k t h s ampling t ime w ithin the j th period 

or s e a3 on (k = 2, • • •  , 7) , 

(a S) . . - the e ffe c t  of the interact io n  of t he i t h  breed or treatment 
1. ] 

group and the j t h  per iod or s eas on, 

I (ayh j k - t he e ffect of the interac t i on of t he i th bree d  or tre atme nt 

group and the k t h  sampling time , within t he j t h  period or seas o n, 

s i j kl - a random error from a distribut i o n  wit h zero ;;:can and 

homo ge ne ous v ariance . 

Likewis e ,  the analys is of v ariance app lied t o  each of t he 

variables me as ured repeatedly in Experime nt 6 c ould be re pre s e nted by 

t he f ollowing mode l : 

I 

Y i j k lm = � + a i + S j + Y k + 0 k 1 + 

+ ( a Sy ) i j k + ( a o� ikl + 

( a S ) . . + ( ay ) ' k + ( By ) ' k  1.] 1. J 
I I ( S o ) j kl + ( a S o ) i j kl + s i jklm 

Where eac h  i ndividual obs e rv at ion ( hormone leve l) or mean of 

several observat ions (seme n character) , made on e ach animal in e ach 

t ime period, was assumed t o  be the s um  o f  a number of parameters 

� - the general populat ion me an, and the dev iations due t o  t he 

following fixe d  e ffects ; 



ai - t he ' main e ffe ct '  of the i th light ing regime ( i = 2 ) ,  

B .  - the ' main e ffe c t ' of the j th operation ( j = 2 ) ,  J Yk - t he ' main e ffe c t '  of the kth period (k = 2 , 3 ) ,  

6�1 - t he ' nested e ffe ct ' o f  the 1 t h  sampling time w ithin the kth 

period ( 1 = 3 ,4, 6 ,  7) ,  
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(aB1_ j - t he e ffe ct of the interac t ion o f  t he i th lighting re gime and 

t he j t h  operation, 

(ay1._k - the e ffe c t  of the interac t ion of the i th light ing regime and 

t he k t h  period, 

( Sy� k - the e ffe ct of the interact ion of the j th operation and the 

k th period, 

(a Sy) . . k - the e ffe ct of t he interac tion of the i th lighting regime 1 J 
and the j t h  operat ion w ithin t he kt h period, 

(ao' )ik1 - t he e ffe ct o f  the interact ion o f  the i t h  light ing regime 

and t h6 1 th s ampling time , w ithin t he kth period, 

I (B o j k1 - the e ffe ct of the interact io n  of the j th ope rat ion and 

t he 1 t h  s ampling t ime , within t he k th period, 

(a s o')i j k1 - the e ffe ct of t he interact ion o f  the i t h  light ing regime 

and t he j t h  operation with t he ' ne s te d  e ffe c t '  of t he l th s ampling 

t ime , within t he k t h  period, 

� · . k1 - a random error from a distribut ion with z e ro mean and 1 J  m 

homoge ne ous variance . 

T he variance was e s t imated as the mean s quare due t o  variat io n  

betwe e n  rams within bre eds o r  treatment groups , by s amplir� t ime s . 

A further error v arianc e ,  be twee n repe ate d  observat ions or indiv idual 

rams within e ac h  s ampling t ime , which c ould be e s t imated for s e me n  

characters was not included i n  the analys e s  o f  varianc e . 

All main e ffe cts, the ne sted e ffe cts and the interactions 

were examined by test ing t he s ignificanc e  of c o ntrast s  for indiv idual 

degre e s  of fre e dom, based on orthogonal coefficients (C oc hran and 
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C ox, 1 960)  whic h were take n from t h e  table s of Fisher a nd Ya tes ( 1 963 ) 

or c ons tructe d  t o  t e s t  s pec ific hypothe se s .  I nd iv id ual c oe ffic ie nt:J 

were the n  we ighte d for differe nc e s  in : the numbers o f  rams w ithin 

bree d."! or treatme nt groups , and s ubdivis i o ns  wit hin per iods or 

s e as ons . C ontras ts were c ons tructe d a priori and t he number o f  

c omparis ons for a ny  e ffe ct did not, by re as on o f  the ir c o ns truc t io n, 

excee d  the numbe r o f  degre e s  of fre e dcm for the c orre s p o ndiP� mean 

s quare . 

Where the c ontras ts were s uc ce s s ive terms o f  a polynomial 

re lat io nship, t he me an s quare s for individual degree s  o f  freedom 

were not calculated beyond the third p owe r. C ons e que nt ly s ome of 

t he tables s howing s ummar ies o f  analys e s  of variance c ontain 

dis cre panc ie s betwee n the number of de gre es of fre edom av ailable and 

t he number of s ingle degre es o f  free dom c ontrasts c omputed .  I n  

t he s e  t ab les " non s ignificant c o ntras t s "  re fer only t o  the c ontras t s  

which were c omput e d .  Contrast numbers i n  the text re fer o�ly t o  

contrast s  whic h are s ummariz e d  i n  the t ables relevant t o  each 

particular res ults s e ct i on. 

Levels of s ignificance in all analyse s  are de note d thus 

• 

•• 

••• 

p <  0.05 

P < 0.01 

P <  O . C>01  • 

(2 )  Mis s ing Dat! 

Values for miss ing dat a  were c alculated, where ne ces sary by 

t he method de s cr ibed by C ochran and C ox (1 960) . 

( 3 )  Trans format ions 

Prior to the ir s ubmis s ion as data for s t at is t ic al analys e s ,  

all hormone e s t imate s , except those i n  Experiments 7.1 , 7.2 and 7.3, 

were trans formed t o  logarithms us ing t h e  formula : 



log hormone c once ntrat ion = 1 00 log
1 

0 ( x + 1 . 1  ) 

where x = plasma hormone c oncentrat i o n  in ng/ml. 

T his transformat ion was e stablished on empiric al grounds by 

the find i ng  of a line ar re lat ionn hip betwe e n  t he e s t imated me an and 

it s standard error for s ubgroups o f  hormone data. 

(4)  C omputat i ons 

All calculat ions of mis s ing data, trans format i o ns of h ormone 

data, and analys e s  of variance were carried out on an IBY. 1 620 

computer. 

9 5 

The programs us ed i n  the s e  analyse s  include d s ome writte n by 

the author and others forming part of a s tat istical analys is package 

impleme nted at Mas sey Univers ity in 1 963 by Dr. F. R . M. C ockrem, and 

various ly modified and exte nded s ince that date by Prof. R . E .  :Munford. 



CHAPI'ER III 

SE.ASONALITY OF SEME N  PRODtJCTION AND PLASMA HORJ.!ONE LEVELS I N  

N8 W  �ALAND ROMI'EY, MERINO, AND POLLED DORSET RAMS Kr PASTtB.E 

1 • INl'RODUC'l'ION 

The work des cribe d in this chapter was c arried out t o  meas ure 

the exte nt of the s e as o nal change s in reproduc tive charac teris t ics of 

rams under local farming condit ions . T he N. Z .  Romney bree d  was 
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chos e n  a s  this is the predominant breed i n  New Zealand and, like most 

bre eds of Brit ish origin, has a d is tinc t  breeding s eas on. For 

purpos es of c omparis o n  the Merino and Polled D ors et breeds were chos e n  

s ince t he s e  generally are accepted as hav i ng exte nded bre e ding seas ons 

( Bels c hner, 1 972 ) .  Hafez (1 952 )  reporte d  t hat Merino and Dorse t  

sheep are capable of breeding all year round i n  s ome locations . 

As pointed out in C hapter I there have been few s t udies on t he 

seas onal c hanges of seme n  characteris tics of rams , and eve n fewer on 

conc omitant changes in plasma leve ls of reproductive h ormones . T here 

have bee n  no reports of any atte mpt t o  c ompare the s e as o nal c hanges in 

seme n  characteris t i c s  and hormone leve ls , in differe nt breeds of s heep. 

2 • MATERIALS AND METHODS 

( 1 ) ExEerime ntal procedure 

Animals s tudied in Experime nt 3 were s ix N. Z .  Romnoy, f ive 

Merino and four Polled Dorset rams , which were maintained under local 

farming c ondit ions . Seme n c olle c t ion and apprais al, and blood 

c olle c t ion were c arried out from February 1 972 until June 1 973 , as 

de s cribed in C hapte r  II . Blood plasma s amples from every fourth week 

were ass ayed for c o nc e ntrations of Uf, tes tosterone and prolac tin. 



In June 1 973 the ralll8 we re s laught e re d  and sub jected to the aut opsy 

procedures describe d in Chapter II . 

( 2 )  Statist ical An��yses 

( a) Seme n  data. The time-course of the experime nt was 
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divided into t e n  equal periods , each period repre s e nt i ng  one-e ighth of 

a ye ar. Within-period data for each seme n  parame ter we re pooled to  

provide a s ingle estimate for every ram. The periods were grouped 

int o  three seasons ,  demarcated by the equinoxes as shown in Figure 

3 .1 , and the orthogonal coeffic ien:ts used to partition with i n- and 

between - seasons effects in the analyses of variance are shown in 

Table 3 .1 . 

(b )  LH and Test osterone Data. Seventeen four-weekly LH 

and testosterone estimates from each ram were grouped into  three 

seasons as s hown in  Figure 3 .1 , the points of division being the 

solstices . Orthogonal coefficients us ed to partition t he effects 

of seasons in the analyses of variance are shown in Table 3 . 2 .  

( c )  Prolactin  Data. Sixteen  monthly prolactin estimates 

were grouped into seasons in a similar ma��er to the seme n  dat a, with 

the points of divis ion again being t he e quinoxes as shown in Figure 

3 . 1 . Orthogonal c oe ffic ients used t o  part i t io n  the effects of 

seas ons in the analysis of variance are shown in Table 3 .3 .  

(d )  Rationale Fox- Division of  Study Period I nto  Sea.'3 ons .  T o  

perform meaningful c ontrasts with semen da·ta, it was necessary to 

divide the time-course of the experiment at the equinoxes so t hat the 

period in which e jaculates were obtained � artificial vagina was 

confined to  one season  ( Season 1 ) .  On the other hand, plasma levels 

of LH and testosterone were expected to show elevations during the 

breeding season in the autumn, hence it was c onsidered that divis ion 

of the study period at the s olstices would provide the most useful 

grouping of periods for performing contrasts  in the case of those 



�'H�TER S UMME R T.V INTE R  
S OLSTICE SOLS TICE SOL$ TI CE 

E Q UINOX EQUI NO X  EQUINOX 

1 4 . 4 0 

PHOTOPERI O D  

( h )  
9 . 2 0 

SEMEN 1 

SEAS ON 1 

2 3 4 

P ROLACT I N  1 2 3 4 5 6 

SEASON 2 SEASON 3 

5 6 7 8 9 1 0  

7 8 9 1 0  1 1  12  1 3  1 4  1 5  1 6  

SEASON 1 
LH and TES T 

OSTE RONE 

SEASON 2 SEASON 3 

MONTHS 

1 2 3 4 5 6 7 8 9 10 1 1  1 2  1 3  1 4  1 5  1 () 1 7  

M A M J J A S 0 N D J F M A M J 

1 9 7 2  1 9 7 3  
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F i g u re 3 . 1 : D i a g ram to s h ow how t h e  t i me-cou rse of Expe r i me nts 3 a n d  4 
was s u b d i v i ded i nto s amp l i ng p e r i ods a n d  seasons for d ata a n a l yses . 
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Tab l e  3 . 1  

Orthogonal c oe ff i c i ents *  used in partiti oning seasonal effects for s emen data from Exper iments 3 and 4 .  

Seas on 1 Season 2 Season 3 

Time Per iods - 1 2 3 4 5 6 7 8 9 1 0  

Contrast  

Seas on 1 - Linear -3 -1 +1 +3 0 0 0 0 0 0 
" " - Quadratic  + 1  -1 -1  +1  0 0 0 0 0 0 
" " - Cub ic -1 +3 -3 +1 0 0 0 0 0 0 

Seas on 2 - Linear 0 0 0 0 -3 -1 +1 +3 0 0 
" 11 - Quadratic 0 0 0 0 +1 -1 -1 +1 0 0 
" 11 Cubic  0 0 0 0 -1 +3 -3 +1 0 0 

Seas on 3 - Linear 0 0 0 0 0 0 0 0 -1 +1 

Season 1 vs Seasons 2 & 3 +3 +3 +3 +3 -2 -2 -2 -2 -2 -2 

Seas on 2 vs Season 3 0 0 0 0 +1 +1 +1 +1 -2 -2 

*Coeff i c i ents were weighted for unequal group s i z e s  prior  to the ir use  in the ana lys e s  of var ianc e .  

\0 
\0 



Tab l e  3 . 2 

* 
Orthogonal c oeff i c ients used in  partitioning seas onal effe c ts for plasma LH and testosterone data from Exper iments 

3 and 4 .  

Season 1 Season 2 Seas on 3 

Time Periods - 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  

Contrast 

Season 1 - Linear -3 -1 +1 +3 0 0 0 0 0 0 0 0 0 0 0 0 
" " - Quadratic  + 1  -1  - 1  + 1  0 0 0 0 0 0 0 0 0 0 0 0 
" 11 - Cubic  -1 +3 -3 +1 0 0 0 0 0 0 0 0 0 0 0 0 

Season 2 - Linear 0 0 0 0 -5 -3 -1 +1 +3 +5 0 0 0 0 0 0 
11 11  - Quadrati c  0 0 0 0 +5 -1 -4 -4 -1 +5 0 0 0 0 0 0 
11 11  Cub ic  0 0 0 0 -5 +7 +4 -4 -7 +5 0 0 0 0 0 0 

Season 3 - Linear 0 0 0 0 0 0 0 0 0 0 -3 -2 -1 0 +1 +2 
" 11 - Quadratic 0 0 0 0 0 0 0 0 0 0 +5 0 -3 -4 -3 0 
11 11 Cub ic  0 0 0 0 0 0 0 0 0 0 -1  +1 +1  0 -1 -1 

Seas on 1 vs Seas ons 2 & 3 1 3  1 3  1 3  1 3  -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 -4 

Season 3 vs Season 2 0 0 0 0 -7 -7 -7 -7 -7 -7 +6 +6 +6 +6 +6 +6 

* 
Coeff i c i ents were we ighted for unequal group s izes  pr ior to  their  use  in the analys es  of var ianc e .  

1 7  

0 
0 
0 

0 
0 
0 

+3 
+5 
+1 

-4 

+6 

� 
0 0 



Tab l e  3 . 3 

* 
Orthogonal c oeffi c ients used in  partiti oning seas onal effe cts for  plasma pro lactin data from Experiments 3 and 4 .  

Seas on 1 Seas on 2 Season 3 

Time Per iods - 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5 1 6  

Contrast 

Season 1 - Linear -5 -3 -1 +1 +3 +5 0 0 0 0 0 0 0 0 0 0 
11 11 - Quadrati c  +5 -1 -4 -4 -1 +5 0 0 0 0 0 0 0 0 0 0 
11 11 Cubic  -5 +7 +4 -4 -7 +5 0 0 0 0 0 0 0 0 0 0 

Season 2 - Linear 0 0 0 0 0 0 -5 -3 -1 +1 +3 +5 0 0 0 0 
" " - Quadratic  0 0 0 0 0 0 +5 -1 -4 -4 -1 +5 0 0 0 0 
" " Cubic  0 0 0 0 0 0 -5 +7 +4 -4 -7 + 5  0 0 0 0 

Season 3 - Linear 0 0 0 0 0 0 0 0 0 0 0 0 -3 -1 +1 +3 
11 11 - Quadrati c  0 0 0 0 0 0 0 0 0 0 0 0 +1 -1 -1 +1 

" Cubic  0 0 0 0 0 0 0 0 0 0 0 0 -1 +3 -3 +1 

Season 1 vs Season 2 +1 . +1 +1 +1 +1 +1 -1 -1 -1 -1 -1 -1 0 0 0 0 

Season 3 vs Seas ons 1 & 2 -1 -1 .... 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 +3 +3 +3 +3 

*Coeffic i ents were weighted for unequa l group s izes  prior  to the ir use in the analys es  of variance . 

� 
0 
� 



hormone s . The dire c t  relat io nship betwee n  daily phot operiod and 

plasma prolactin le ve ls reported by Pe llet ie r  ( 1 973 ) ,  provide d the 

bas is for divis ion of the study pt�riod at the e quinoxe s ,  s o  that 

s e as ons of short daily photoperiods c ould be c ompared with seas o ns 

of long daily phot operiods . 

( e )  Breed C o ntr�. C omparis ons betwe en the breeds were 

made us ing the orthogonal c o e ffic ie nts show n  be low ,  we ighted for 

dis proportionate group numbers . 

1 02 

C o ntrast N. Z .  Romney Merino Polled Dorse t  

N. Z .  Romrey � Merino & Polled D orset +2 -1 -1 

Merino E Polled D ors e t  0 +1 -1 

3 .  RESULTS 

( 1 ) Seme n Data 

S e e  Tables 3 .4 t o  3 .1 0 and Figures 3 . 2  and 3 .3 .  

The only seme n  c haracteris t ics for which a regular seas onal 

patte rn of change was re corde d were e jaculate volume and the three 

parameters related to seminal fruct ose level s ,  all of which re ached pe ak 

values during the autumn months . Apart from these , mot i lity indices , 
perce nt age s  of motile s permat o z oa and perce ntage s of morphological� 

normal s permatoz oa, de c lined during March and April, 1 972 , and showe d 

lit t le further change . On the other hand, numbers of s permat o z oa per 

e jaculate dec lined during the first two months of the s tudy but 

increas e d  s lightly early in the following s ummer ( Nove mber ,  1 972 ) 

( C o ntras ts 1 - 9, T ables 3 . 9  and 3 .1 0 ) .  

Abrupt changes in mean values for e jaculate volume , c once ntrat ion 

of s permato z oa per ml and t otal e jaculate fruc t os e  conte nt oc c urred 

betwe e n  S e as on 1 and Seas o n  2 ,  and c orres ponde d  with the c hange in 

c olle c t i o n  method from predominant ly art ific ial vagina to e ntire �  

e le ctri c al stimulat ion ( C ontrast 8,  Tables 3 . 9  a nd  3.1 0) . Effe c t s  o f  



Tabl e  3 . 4 

Mean moti l ity ind i c e s  ( scale  0-4 ) and mean perc entages of mot i l e  spermatozoa rec orded from s emen c o l l e c ted 
:i:n  Exper iment 3 .  

Mot i l i ty index % Mot i l e  spermatozoa 

N . Z .  Po l led  N . Z .  Po l l ed 
Period Romney Merino Dorset  Mean Per i od Romney Merino Dor s e t  Mean 

1 3 . 3  3 . 5  3 . 6 3 . 5  1 6 1 . 3  6 9 . 9  7 5 . 0  68 . 7  

Season 1 
2 2 . 6 3 . 2 2 . 9 2 . 9  Season 1 

2 4 9 . 8  68 . 5  5 5 . 6  58 . 0  
3 2 . 2 2 . 8  3 . 0  2 . 7  3 37 . 5  5 3 . 0  57 . 5  49 . 3  
4 2 . 2 2 . 7 2 . 2  2 . 4  4 3 9 . 9  49 . 0  46 . 7  4 5 . 2  

Mean 2 . 6 3 . 0 2 . 9  2 . 9  Mean 47 . 1  6 0 . 1  5 8 . 7  5 5 . 3  

5 2 . 4 2 . 4 2 . 5  2 . 4 5 4 4 . 9  47 . 7  5 1 . 7  48 . 1  

Season 2 6 2 . 2 2 . 3 2 . 4  2 . 3  Season 2 6 40 . 1  47 . 1  4 5 . 4  4 4 . 2  

7 2 . 1  2 . 4 2 . 3  2 . 3  7 43 . 7  5 4 . 0  48 . 8  48 . 8  
8 2 . 2  2 . 7 2 . 2  2 . 4  8 4 5 . 6  5 3 . 7  40 . 6  46 . 6  

Mean 2 . 2  2 . 4  2 . 4  2 . 4  Mean 4 5 . 6  5 0 . 6  46 . 6  46 . 9 

Season 3 
9 2 . 6 2 . 4 2 . 3  2 . 4  Season 3 

9 5 1  . 6  47 . 8  48 . 3  49 . 2  
1 0  2 . 0 2 . 3  2 . 5  2 . 3  1 0  47 . 4  42 . 9  5 7 . 8  49 . 4  

Mean 2 . 3  2 . 4  2 . 4 2 . 4 Mean 49 . 5  4 5 . 4  5 3 . 1  49 . 3  

Overa l l  Mean 2 . 4 2 . 7 2 . 6  Overal l  Mean 46 . 2  5 3 . 4  5 2 . 7  

_, 
0 \..>1 



Tab l e  3� 

Mean e jaculate vo lumes and mean total  fructose  c ontent of e j aculates c o l l ected in Experiment 3 .  

Ej aculate vo lume (ml ) Total e j aculate fruc tose  c ontent ( mg )  

N . z .  Po l l ed N . Z .  Po l l ed 
Per i od Romney Mer ino Dors et  Mean Per i od Romney Mer ino Dorset Mean 

1 0 . 98 0 . 96 0 . 76 0 . 90 1 5 . 5 3 5 . 6 5  2 . 76 4 � 6 5  

Season 1 
2 0 . 72 0 . 79 0 . 62 0 . 7 1  Seas on 1 

2 3 . 1 8  2 . 9 2 2 . 44 2 . 8 5  
3 0 . 54 0 . 73 0 . 6 5  0 . 6 4  3 1 . 86 2 . 1 9  2 . 6 8  2 . 24 

4 0 . 56 0 ,. 6 1  0 . 47 0 . 5 5  4 1 . 27 1 . 3 2  2 . 00 1 . 5 3  

Mean 0 . 70 0 . 77 0 . 62 0 . 70 Mean 2 � 96 3 . 02 2 . 47 2 . 8 1 

5 1 . 1 0  1 . 2 0 1 . 00 1 • 1 0 5 3 . 3 3 3 . 70 1 . 7 9  2 . 94 

Season 2 
6 1 . 1 2  0 . 92 1 . 5 2  1 . 1 9  Season 2 

6 4 . 26 3 . 6 6  4 . 86 4 . 26 
7 1 . 1 8  0 . 7 5  1 . 3 1  1 . 08 7 3 . 05 3 . 1 6  1 . 5 6  2 . 5 9 
8 1 .  5 5  1 . 9 6  1 • 5 5  1 . 69 8 1 1  • 57 2 0 . 04 3 . 87 1 1  . 8 3 

Mean 1 . 2 3  1 . 2 0  1 . 3 4  1 . 26 Mean 5 . 5 5 7 . 64 3 . 02 5 . 40 

Season 3 
9 1 . 5 6  1 . 3 7  1 . 40 1 . 44 Season 3 9 9 . 6 5 1 0 . 8 3 4 . 4 6  8 . 3 1  

1 0  1 . 28 1 . 01 1 • 1 7  1 . 1 5  1 0  7 . 3 5  4 . 42 3 . 1 1 4 . 96 

Mean 1 . 42 1 . 1 9  1 . 28 1 . 2 9  Mean 8 . 5 0 7 . 62 3 . 78 6 . 6 3 

Overa l l  Mean 1 . 06 1 . 03 1 . 04 Overal l  Mean .hll 5 . 79 2 . 9 5  

� 
0 +=-



Tab l e  3 . 6 

Mean c onc entrat ions of fructose  in  s emen and in s eminal plasma of e j aculates c o l le cted in Experiment 3 .  

Semina l  fructose  c oncentration ( mg/ml ) Seminal plasma fructose  c onc entrati on ( mg/ml ) .  

N . z . Po l led N . Z .  Po l led 
Per i od ·Romney Mer ino Dors e t  Mean Period Romney Merino Dors et  Mean 

1 5 . 76 6 . 01 3 . 63 5 . 1 3  1 7 . 26 7 . 8 5  4 . 9 2  6 . 68 

Season 1 2 4 . 3 1  3 . 9 8  3 . 49 3 . 9 3  Season 1 
2 5 . 26 5 . 26 4 . 90 5 . 1 4  

3 3 . 47 2 . 47 4 . 28 3 .  41 3 4 . 04 3 . 29 4 . 69 4 . 0 1  
4 2 . 5 7 2 . 69 3 . 5 2 2 . 9 3  4 2 . 99 3 . 64 4 . 66 3 . 76 

Mean 4 . 02 3 . 78 3 . 73 3 . 8 5  Mean 4 . 88 5 . 0 1  4 . 7 9  4 . 89 

5 2 . 68 2 . 6 5 1 • 9 3  2 . 42 5 3 . 00 3 . 2 3  2 . 09 2 . 77 

Seas on 2 
6 2 . 9 0  3 . 5 7 3 . 1 5 3 . 2 1  Season 2 

6 3 . 62 4 . 03 3 . 79 3 . 8 1  
7 2 . 26 4 . 44 1 . 46 2 . 72 7 3 . 24 5 . 5 4 1 . 8 5  3 . 54 
8 7 . 2 4  8 . 6 9  2 . 64 6 . 1 9  8 8 . 36 1 0 . 04 3 . 04 7 . 1 5  

Mean 3 . 77 4 . 83 2 . 2 9 3 . 6 3  Mean 4 . 5 5 5 . 7 1  2 . 69 4 . 3 1  

Season 3 9 6 . 1 2 6 . 6 1  3 . 3 8 5 . 37 Season 3 9 7 . 1 7  8 . 1 8  3 . 89 6 . 41  
1 0  5 . 3 1  3 . 3 6  2 . 5 5 3 . 74 1 0  6 . 37 4 . 1 8  3 . 2 1  4 . 5 9  

Mean 5 .  7 1  4 . 98 2 . 96 4 . 5 5 Mean 6 . 77 6 . 1 8  3 . 5 5 5 . 5 0 

Overa l l  Mean 4 . 26 4 . 4 5  3 . 00 Overa l l  Mean 5 . 1 3  5 . 5 2 3 . 70 

� 
0 IJl 



Tabl e  3 . 7 

Mean c oncentrati ons of spermatoz oa/ml and mean numbers of spermatozoa/e jaculate in semen c o l lected in Exper iment 3 .  

9 
Spermatozoa/ml ( x1 0 ) Spermatozoa/e jaculate ( x 1 09 ) 

N . Z . Po l l ed N. Z .  Po l led 
Per i od Romney Mer ino Dors e t  Mean Per iod Romney Merino Dorset Mean 

1 3 . 3 5  3 . 9 1  4 . 0 1 3 . 76 1 3 . 09 3 . 87 3 . 1 9 3 . 38  
2 3 . 08 4 . 22 4 . 2 5  3 . 85  Season 1 2 2 . 25 3 . 44 2 . 72 2 .80 

Seas on 1 
3 2 .  5 1  3 . 00 3 . 02 2 . 84 3 1 . 30 1 . 84 2 . 5 8  1 . 9 1  
4 2 . 5 3  4 . 60 3 . 96 3 . 70 4 1 . 50 2 . 82 2 . 05  2 . 1 2  

Mean 2 . 86 3 . 93 3 .  8 1  3 . 53 Mean 2 . 03 2 . 99 2 . 63  2 . 5 5  

5 1 . 40 2 . 1 2  1 . 39 1 . 64 5 1 . 84 3 . 03 1 . 64 2 . 1 7  

Seas on 2 6 1 . 67 1 .  94 2 . 73 2 . 1 1 Seas on 2 6 2 . 79 2 . 5 5  4 . 68 3 . 34  
7 0 . 86 1 . 1 7  2 . 1 8  1 . 40 7 1 . 27 1 . 28 4 . 26 2 . 27 
8 2 . 1 2 2 . 1 0  1 . 66 1 . 96 8 3 . 36  4 . 9 5  3 . 00 3 . 77 

Mean .L2J_ 1 . 83 1 . 99  1 .  77 Mean 2 . 3 1  2 . 9 5  3 . 39  2 . 88 

Seas on 3 9 2 . 03 2 .7 1  1 . 54  2 . 09 Seas on 3 9 4 . 1  5 4 . 06 2 . 66 3 . 62 
1 0  1 . 74 . 1  • 73 2 . 89 2 . 1 2 1 0  2 . 60 2 . 67 3 . 44 2 . 90  

Mean 1 . 88  2 . 22 2 . 2 1  2 . 1 0  Mean 3 . 37 3 . 36 3 . 05 3 . 26 

Overa l l  Mean 2 . 1 3 2 . 75  2 . 76 Overa l l  Mean 2 . 42 3 . 05 3 . 02 

� 
0 0'\ 



Tab l e  3 . 8 

Mean percentages of unstained and morpho logical ly normal spermatozoa in s emen c o l le c ted in  Experiment 3 .  

% Uns tained spermatozoa % Morpho logica l ly normal spermatozoa 

N . Z . Po l l ed N . Z .  Po l l ed 
Period Romney Merino Dors et . Mean Period Romney Merino Dorset Mean 

1 76 . 4  8 1  . 9  85 . 3  8 '1 . 2  1 88 . 0  87 . 8  89 . 4  88 . 4  

Seas on 1 2 62 . 7  77 . 4  77 . 1  72 . 4  Season 1 2 72 . 0  8 1 . 2  85 . 6  79 . 6  
3 72 . 4  82 . 5  77 . 3  77 . 4  3 66 . 3  80 . 4  79 . 8  75 . 5  
4 70 . 3  8 1 . 3  7 1 . 2  74 . 3  4 67 . 2  8 5 . 6  83 . 5  78 . 8  

Mean 70 . 4  80 . 8  77 . 7  76 . 3  Mean 73 . 4  83 . 8  84 . 6  80 . 6  

5 8 1 . 9  77 . 6  79 . 8  79 . 8  5 70 . 6  75 . 8  84 . 3  76 . 9  

Seas on 2 6 73 . 5  72 . 9  78 . 0  74 . 8  Season 2 6 60 . 1  67 . 2  64 . 2  63 . 8  
7 88 . 3  77 .7  77 . 9  8 1 . 3  7 76 . 7  6 1 . 0  64 . 1  67 . 3  
8 75 . 2  75 . 9  74 . 7  75 . 3  8 53 . 9  64 . 9  57 . 8  5 8 . 9  

Mean 79 . 7  76 . 0  77 . 6  77 . 8  Mean 6 5 . 3  6 7 . 2  67 . 6  6 6 . 7  

Season 3 9 75 . 7  63 . 4  76 . 5  7 1 . 9  Seas on 3 9 6 8 . 7  57 . 8  67 . 7  64 . 7  
1 0  68 . 9  '59  . 1  7 5 . 7 67 . 9  1 0  62 . 0  49 . 0  68 . 9  60 . 0  

Mean 72 . 3  6 1 . 2  76 . 1  69 . 9  Mean 6 5 . 4  53 . 4  68 . 3  62 . 4  

Overal l  Mean 74 . 5  7 5 . 0  77 . 4  Overal l  Mean 6 8 . 6  7 1 . 1  74 . 5  
� 
0 "">J 



.Tabl e  3 .  9 

Experiment 3 : Summary of Ana lys es o f  Variance  for Semen Data . 

S ourc e  o f  Variation 

:t-1AIN EFFECTS 

A .  SEASONS 
Seas on 

n n 
11 " 

Linear 
Quadrati c  
Cubi c  

Seas on 2 - Linear 
11 11 - Quadratic 
11 11 - Cub ic  

Seas on 3 - Linear 
Seas on 1 vs Seas ons 2 & 3 
Season 2 vs S e a s on J 

B .  BREEDS 
N . Z .  Romney vs Merino & Po l led Dorset 
Merino vs Po l l ed Dorset 

INTERACTION (AxB ) 
Seas on 1 - Cubic  x Contrast  1 0  
(Seas ons 1 � 2 & 3 )  x Contrast 1 1  
Seas on 2 - Quadratic  x Contrast 1 1  
Seas on 3 - Linear x Contrast 1 1  
Non s ignificant c ontrasts 

Res idual Mean Square 

Contrast No . D . F .  

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

1 2  
1 3  
1 4  
1 5  

9 
1 
1 
1 
1 
1 
1 
1 
1 
1 

2 

1 8  

1 
1 4  

1 20 

Vo lume 

6 . 78* 
0 . 2 5 
0 . 1 0 

1 4 . 80*** 
7 .  50** 
4 . 1 8* 
4 . 09* 

98 . 68*** 
0 . 1 5 

0 . 1 9  
0 . 04 

0 . 73 
8 . 60** 

1 3  . 26•*** 
0 . 07 
0 . 5 5  

0 . 1 4  

Moti l ity 

2 5 .42*** 
0 . 64 
0 .4 5  
0 . 1 0  
0 . 96 
0 . 03 
0 . 79 

3 4 . 4 5*** 
0 . 40 

5 . 78* 
0 . 05 

5 . 1 8* 
24 . 45*** 

0 . 2 5 
0 . 82 
0 . 62 

0 . 34  

Varianc e Ratios  

% Moti l e  Sperm . /m l  Sperm . /ejac . 

2 2 . 29*** 
0 . 74 
0 . 01 
0 . 03 
0 . 1 9  
1 . 1 0  
0 . 05 

1 1 . 92** 
0 . 37 

7 . 93** 
o . oo 

4 . 08* 
2 1 . 1 8*** 

0 . 1 2 
0 . 68 
0 . 6 5 

205 . 22 

1 • 01 
2 . 23 
6 . 49* 
0 . 07 
0 . 02 
3 . 06 
0 . 02 

89 . 3 1 *** 
1 . 60 

1 1 . 1 8** 
0 . 01  

0 . 1 1 
1 1 . 02** 

4 . 5 0* 
4 . 65*  
0 . 34 

.l.!1l 

4 . 73* 
0 . 7 1  
0 . 46 
3 . 37  
0 . 2 1 
4 . 50* 
0 . 88 
2 . 27 
0 . 66 

3 . 70 
o . oo 

0 . 1 3  
3 . 26 

1 2 . 79*** 
1 • 2 1  
0 . 38 

3 . 37 

(Key , Semen Parameters : Vo lume = ejaculate vo lume ; Mot i l ity = motil ity index ; % Motile  = percentage · of mot i l e 
spermatozoa ; Sperm . /m l  = c oncentrati on of  spermatozoa/ml ; Sperm . /ejac . = number of  spermatozoa/ejaculat e . ) 

� 
0 
():) 



Table  3 . 1 0  

Exper iment 3 : Summary of Analys es o f  Varianc e for  Semen Data . 

S ourc e  of  Variation 

MAIN EFFECTS 

A .  SEASONS 
Season 1 - Linear 

11 11  - Quadratic  
11  1 1  - Cub i c  

Seas on 2 - Linear 
1 1  1 1  - Quadrati c  
11  11 - Cubi c  

Season 3 - Linear 
Seas on 1 vs Seas ons 2 & 3 
Seas on 2 vs Seas on 3 

B •. BREEDS 
N . Z .  Romney � Merino & Pol led Dorset 
Me rino  vs Po l l ed Dorset 

INTE��CTION (AxB ) 
Seas on 1 - Cubi c  x Contrast 1 0  
( Seas ons 1 � 2 & 3 ) x Contrast  1 0  
Season 1 - Linear x Contras t 1 1  
Season 2 - Linear x Contrast 1 1  
( Seas ons 1 vs 2 & 3 )  x Contra�t 1 1  
( Seas ons 2 vs 3 )  x Contrast  1 1  
Non s igni f ic ant c ontrasts  

Res idua l Mean Square 

Contrast No . 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

1 2  
1 3 
1 4 
1 5 
1 6  
1 7  

D . F .  

9 

2 

1 8  

1 
1 

1 2  

1 20 

Fr . Cone . 

9 . 82** 
0 . 47 
0 . 1 1  

2 1  . 3 5*** 
7 . 89** 
4 . 89* 
5 . 1 8* 
o . oo 
5 . 47* 

2 . 5 6  
1 1 . 82*** 

0 . 69 
2 . 90 
4 . 52* 
8 . 53** 
7 . 40** 
0 . 08 
1 . 24 

3 . 74 

Fr . Cont . 

6 . 50* 
0 . 3 8 
0 . 2 1  

40 . 93*** 
22 . 58*** 
1 1  • 1 1  ** 

6 . 80* 
2 9 . 1 1 *** 

3 . 0 1  

1 . 80 
1 5 . 77*** 

0 . 1  5 
2 . 24 
1 . 4 8  

20 . 07*** 
6 . 59* 
0 . 1 4  
1 • 98 

� 

Var iance  Rat ios  

S . P .  Fr . % Unstained 
Cone . 

1 4 . 3 3*** 
1 . 1 0  
0 . 0 1 

22 . 70*** 
6 . 08* 
3 . 8 5 
4 . 87* 
0 . 78 
7 . 0 1 ** 

1 . 59  
1 3 . 1 8*** 

o .  50 
5 . 09* 
4 . 89* 
8 . 3 0** 
8 . 24** 
o .  01 
1 • 3 1  

4 . 89 

2 . 02 
1 . 90 
1 . 62 
0 . 33  
o . oo 
3 . 1 6  
0 . 80 
0 . 24 

1 0 . 25 **  

1 . 07 
0 . 9 1  

4 . 08* 
77 . 82*** 

2 . 46 
0 . 3 1  
4 . 92* 
4 . 66* 
0 . 30 

1 1 2 . 48 

% Norma l 

4 . 82* 
5 .  1 1  * 
1 • 26 
8 . 72** 
1 • 38 
1 .  53  
0 . 37 

37 . 26*** 
1 . 22 

2 . 49 
3 . 5 9  

1 .  5 1  
23 . 69*** 

o . oo 
1 . 03 
0 . 02 
3 . 00 
0 . 72 

227 . 1 4  

( Key,  Semen Parameters  : Fr . Cone . = fructose  c onc entration of semen ; Fr . Cont . = total  e j a culate fructose  c ontent ; 
S . P .  Fr . Cone . =  fruc t o s e  c onc entrat ion  of  s eminal plasma ; % Unstained = perc entage of  uns tained spermatozoa ; 
% Normal = perc entage o f  morpho logi c a l ly normal spermat ozoa ) 

..... 
0 \.0 
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1 1 2  

s e a s o nal changes on s e me n  characteris tics during Seas ons 1 and 2 would 

have bee n  c o nfounded by the c hange in c olle ct ion me thod, howe ve r  it was 

like ly that s e as onal e ffe cts acc ounte d for the higher mean valuen r e c or 

d e d  i n S e a s on 1 f o r :  mot ility i ndex, perc e nta� o f  mot ile s pe rmat oz oa 

and perce ntage of morphologically normal s permat o z oa. I n  the late 

autumn m onths of 1 973 (April, May and June ) , percentages of unstained 

s pe rmat oz oa were lower than i n  the summer of 1 972-1 973 (C ontrast 9, 

T able 3 .1 0 ) .  

Seme n from N. Z .  Romney rams had lower overall me an values for 

motility i ndex, perce nta� of mot i le spermato z oa and c o nce ntration of 

s permato z oa per ml than did that from Merino and Polle d Dors e t  rams 

( C ontras t 1 0, Table 3 . 9 ) .  This differe nce be twe e n  breeds was 

e s pecially evide nt i n  Se as on 1 ,  as indic at e d  by the interaction of 

Seas ons x Breeds ,  f or these parame ters ( C o ntrast 1 3 , Table 3 . 9 ) .  

S imilar s ignificant i nterac t i o ns were re c orde d for e jac ulate v o lume s ,  

and perce ntages o f  uns taine d and morphologically normal s permat oz oa 

( C ontrast 1 3, Tables 3 . 9  and 3 . 1 0 ) .  

All thre e me asures of s e minal fructose levels we re highe r  i n  

s e me n  from Merino rams than i n  that from Polle d D orse t s  ( C o ntrast 1 1 ,  

Table 3 .1 0 ) .  This re s ult , i n  c on junct ion with the s ignificant 

i nterac t i o n  contras ts ( C o ntrasts 1 3, 1 4  and 1 5, Table 3 . 1 0 ) ,  ref le cte d 

the virtual abse nce o f  an autumn peak in t he s e  para.maters for the 

s e me n  of Polle d Dors e t s . 

During the mid-summer months (De cember 1 972 , January 1 973 ) t he 

Polle d Dorset rams produced s e me n  c ontaining e levate d s pe rmat oz oal 

numbers i n  c omparis o n  to that from Merinos ( C o ntras t 1 4, Table 3 . 9 ) .  

At the s ame t ime Merino rams had lower e jaculate volume s than the 

Polle d Dorsets (C o ntrast 1 4, T able 3 . 9 ) .  Of the thre e bre e ds , 

Merinos s howed the greates t  de c line in perce ntages of unstai ne d  

s pe rmatoz oa during the c o urse o f  the expe rime nt (C o ntras ts 1 3  and 1 7, 



1 1 3 

Table 3 .1 0 ) .  

( 2 )  Pla s �� Horm o ne  Data 

( a) L . H.  See Table s 3 . 1 1 ,  3. 1 2 and Figure. 3 .4. 

Alt hough change s in plasma LH leve ls were le s s  marke d than for 

tes tosterone , there was a seas o na l  pattern with n�imal leve ls be ing 

rec orde d during the s umme r months ( Novembe r to March ) , and lower leve ls 

during t he midwinte r months ( April t o  August ) . Pe ak  me an leve ls \Ve ra 

0.88i9.31 ng LH pe r ml plasma while midwinter leve ls ofte n were be low 

the limit of s e ns it iv ity of t he LH ass ay ( 0 .04-0.1 1 ng/m l ) . 

With the orthogonal c o e fficients us e d  for making c ontrasts i n  

the Se as ons x Bree ds i nteract i o n, no s ignificant differe nce s were 

de te cted. Howeve r, the Merinos did appe ar to have much lower peak 

plasma LH le ve ls than the N. Z .  Romney or Polled Dorse t  rams . 

( b) Te s t os terone . See T ables 3 .1 1 ,  3 .1 2 and Figure 3 .5 .  

All three bre e ds exhibite d a very marked pe ak o f  plasma 

te s t osterone le ve ls during January, February and March, 1 973 , while 

minimum leve ls occurre d from May t o  November in both y8 ars . De c lining 

plasma t e s t osterone leve ls from March 1 972 indicated t he probable 

prese nce of a pe ak in the previous January-Fe bruary per i od, s imilar 

to that re corde d in 1 973 .  This de c line in plasma tes t osterone le ve ls 

during t he autumn of 1 972 appe are d t o  be more pronounc e d  in Merino and 

Polle d  D orset rams than in the N. Z .  Romneys . C ons e que ntly, i n  Se as on 

1 ,  me a n  plasma tes t os terone leve ls were h igher in t he N. Z .  Romneys than 

in the other two bree ds  ( Seas o ns x Bre eds interaction c o ntras t s  1 1  and 

1 4) .  

( c ) Pr olac tin. See Tab le s  3 .1 3 ,  3 .1 4 and Figure 3 .6 .  

Plasma prolact in leve ls s h owed a we ll-de fine d s e as onal pat tern 

with e le vate d  leve ls during t he s umme r  months ( November to April ) and 

depre s s e d  leve ls during winter ( May t o  Se ptember) ( C ontras ts 1 -5, 7 ,8  

1 0, 1 1 ) .  Maximum leve ls were re c orde d i n  November 1 972 and minimum 



Tabl e  3 !.ll 

Mean plasma LH and testosterone c onc entrati ons re c or�ed from rams in Expe r iment 3 .  
( Va lues pre s ented are 1 00 log1 0

( x  + 1 . 1 ) , where x i s  hormone c oncentrati on in ng/ml o )  

Lute iniz ing Hormone Testoster one 
N . Z . Po l led N . Z .  Po l led 

Per i od Romney Mer ino Dors et  Mean Per i od Romney Merino Dorset Mean 

1 . 1 4 . 7  2 1 . 8  1 5 . 3  1 7 . 3  1 77 . 4  68 . 0  5 9 .6 68 . 3  

S eason 1 2 1 2 . 6  5 . 0 5 . 2 7 . 6  S eason 1 2 79 . 1  3 5 . 6  24 . 2  46 . 3  
3 1 0 . 1  1 4 . 4  6 . 5  1 0 . 3  3 3 0 . 8  2 1  . 3  22 . 8  2 5 . 0  
4 7 . 5  4 .  1 4 . 1  5 . 1 4 5 3 . 0  1 5 . 4 3 1  • 9 3 3 . 4 

Mean .l.l.d .!.l...!1. 7 . 8  1 0 . 1  Mean · 60 . 1  3 5 . 1  34 . 6  3 3 . 4  

5 1 3 . 9  7 . 0  1 9 . 1  1 3 . 3  5 45 . 9  22 . 8  56 . 1  4 1  . 6  
6 1 5 . 1  1 1  . 6  5 . 0  1 0 . 6  6 46 . 8  1 4 . 9 45 . 4  3 5 . 7  

Seas on 2 7 1 1  • 5 1 2 . 1  1 0 . 1  1 1 . 2 S eas on 2 7 5 4 . 0  49 . 5  3 3 . 1 45 . 5  
8 1 3 . 4 1 9 . 8 2 1 . 0  1 8 . 1  8 42 . 6  54 . 5  45 . 9  47 . 7  
9 23 . 3  1 6 . 0 2 1 . 9  20 . 4  9 44 . 9  57 . 5  70 . 9  57 . 8  

1 0  9 . 9 8 . 1  1 5 . 8 1 1 . 3 1 0  37 . 6  43 . 8  58 . 5  46 . 6  

Mean 1 4 . 5  1 2 . 4 � 1 4 . 1 Mean 45 . 3  40 . 5  5 1 . 6  45 . 8  

1 1  29 . 0  1 6 . 4  30 . 1  2 5 . 2  1 1  6 5 . 9  1 03 . 6 95 . 8  88 . 4  
1 2  24 . 6  1 0 . 6  1 7 . 7  1 7 . 6  1 2  93 . 0  9 0 . 3  1 1 4 . 3 99 . 2  
1 3  20 . 0  9 . 3 1 9 . 4  1 6 . 2  1 3  82 . 3  8 5 . 7  87 . 4  8 5 . 1  

Seas on 3 1 4  1 7 . 8  1 1 . 4 1 6 . 5  1 5 .  2 Seas on 3 1 4  77 . 2  87 . 8  1 0 1 . 2 88 .7  
1 5  6 . 4 6 . 3 5 . 3 6 . 0  1 5  3 8 . 2  1 3 . 9 3 5 .7  29 o 3 
1 6  7 . 1  4 . 1  4 . 1  5 . 1  1 6  30 . 5  1 3 . 8  1 8 . 0  2 0 . 8  
1 7  4 . 9  4 . 6  5 . 4 5 . o  1 7  1 8 . 2  20 . 7  8 . 6 1 5 . 8 

Mean 1 5 . 7 9 . 0  1 4 . 1  1 2 . 9  Mean 5 7 . 9  59 . 4  6 5 . 9 6 1  . o  

Overal l  Mean 1 4 . 2  1 o .  7 1 3 . 1  Overa l l  Mean 5 4 . 0  47 . 0  53 . 5  -- � 
� 
� 



Table  3 . 1 2  

:Experiment 3 Summary of  Ana lys es  of  Var ianc e for LH and Te stosterone Data . 

Source  of  Var iation 

MAIN EFFECTS 

A .  SEASONS 
Season 1 - Linear 

" " - Quadratic  
Seas on 2 - Cub i c  
Seas on 3 - Linear 

" " - Quadratic  
" " - Cubic  

Seas on 1 vs  Seas ons 2 & 3 
Season 3 vs Seas on 2 
Non s ignificant c ontrasts 

B.  BREEDS 
N . Z .  Romney vs Merino & Po l led  Dors et  
Merino vs  PoTfed Dorset  

INTERACTION (AxB ) 
Seas on 1 - Cubi c  x Contrast 9 
Seas on 2 - Linear x Contrast  9 
Seas on 3 - Linear x Contrast  9 
( Seasons 1 � 2 & 3 )  x Contrast 9 
Non s ignificant c ontrasts 

Res idual Mean Square  

·contrast  No . 

1 
2 
3 
4 
5 
6 
7 
8 

9 
1 0  

1 1  
1 2  
1 3  
1 4  

1 6  

2 

32 

D . F .  

1 
1 
1 

1 
3 

1 
1 
1 
1 

1 8  

2 04 

Var ianc e Rat i os 

LH Testosterone 

7 . 22** 1 8 . 77*** 
0 . 70 5 . 52* 
8 . 41 ** 2 . 5 5 

42 . 56*** 1 56 . 36*** 
0 . 80 8 . 80** 
0 . 1 5 1 5 . 00*** 
4 . 52* 8 . 3 5** 
0 . 66 1 7 . 7 5*** 
1 • 59 1 . 62 

2 . 98 1 . 36  
1 . 03 0 . 08 

2 . 78 9 . 83** 
0 . 39 4 . 3 1 * 
1 . 62 6 . 5 0* 
0 . 07 1 4 . 05** 
0 . 85  0 . 73 

1 1 2 . 34  6 1 7 . 48 

_. 
_. 

\Jl 
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Tabl e  3 . 1 3  

Mean plasma pro lactin c onc entrati ons rec orded from rams in Experiment 3 .  
( Values pre s ented are 1 00 log1 0 ( x + 1 . 1 ) ,  where x is hormone c onc entrati on in ng/ml . ) 

Period N . Z .  Romney Me rino Po l led Dors et  Mean 

1 1 5 . 9 22 1  • 1 82 . 6  1 0 1 • 2 
2 1 5 5 . 8  1 5 4 . 2  1 54 . 2  1 73 . 7 

Season 1 3 42 . 1  1 1 1  • 6 3 0 . 9  6 1 . 5  
4 97 . 3  1 30 . 6  38 . 3  88 . 7  
5 1 03 . o  1 3 1 . 2  94 . 6  1 09 . 6  
6 92 . 3  1 71 . 9 1 28 . 9 1 3 1 . o  

Mean 1 01 . 1  1 63 . 4  88 . 2  9 5 . 2  

7 1 4 1 • 4 1 76 . 3  1 38 . 3  1 52 . 0  
8 1 43 . 1  1 66 . 6  1 68 . 4 1 5 9 . 4  

S eason 2 9 2 1 3 . 3  2 1 2 . 9  2 1 9 . 8 2 1 5 . 2 
1 0  1 73 . 2  1 82 . 6  1 99 . 8  1 8 5 . 2  
1 1  1 8 5 . 0  1 98 . 8  2 1 2 . 3  1 98 . 7  
1 2  1 34 . 7 1 93 . 6 1 80 . 6  1 69 . 6  

Mean 1 6 5 . 1 1 88 . 5  1 86 . 5  1 80 . 0  

1 3  1 64 . 0  220 . 5  203 . 2  1 9 5 . 9 
Seas on 3 1 4  1 23 . 1  1 70 . 1  1 47 . 4  1 46 . 9  

1 5 5 9 . 7  1 57 . 5  63 . 9  93 . 7  
1 6  89 . 0  1 5 3 . 4 66 . 7  1 03 . 0  

Mean 1 08 . 9  1 75 .4 1 20 . 3  1 34 . 9  

Overal l Mean 1 27 . 1  1 75 . 8  1 3 3 . 1  -" -" 
CO 



Experiment 3 

S ourc e  of Variation  

MAIN EFFECTS 

A .  SEASONS 
Seas on 1 - Linear 

" " - Quadrati c  
11 11 - Cub ic  

Season 2 - Linear 
" " - Quadrati c  
" " - Cubic  

Season 3 - Linear 
" 1 1  - Quadrati c  
" " - Cubic  

Seas on 1 vs  Seas on 2 
Seas on 3 vs Seas ons 1 & 2 

B .  BREEDS 

Tabl e  3 . 1 4  

Summary of Analys i s  of  Varianc e for Pro lactin Data . 

Contrast  No . 

2 
3 
4 
5 
6 
7 
8 
9 

1 0  
1 1  

D . F .  

1 5  

2 

1 
1 
1 

l 
1 
1 

1 

N . Z .  Romney � Mer ino  & Po l led  Dors et  1 2  
1 3 

1 
Merino vs Po l led Dors et  

INTERACTION (AxB ) 
Seas on 1 - Cub ic · x  Contrast 1 2  

" " - Linear x Contrast 1 3 · 
Seas on 3 - Linear x Contrast  1 3  
( Season 1 vs Season 2 )  x Contrast 1 3  
Non s igni f icant c ontrasts 

Res idua l Mean Square 

1 4  
1 5  
1 6  
1 7  

1 

3 0  
1 
1 
1 
1 

1 8  

1 92 

Var ianc e Rat i o  

5 . 90* 
56 . 87*** 

5 . 00* 
4 . 08* 

1 3 . 5 1 *** 
0 . 3 1  

5 0 . 49*** 
7 . 8 1 ** 
2 . 03 

1 07 . 36*** 
5 . 3 5* 

27 . 03*** 
40 . 79*** 

2 1 . 97*** 
5 . 75*  
5 . 34* 

22 . 43*** 
0 . 99 

1 590 . 23 

� 
� 
\£) 
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1 2 1  

levels in May 1 972 ( 1 51 . 11-_±1 6 . 6  and 6 • .3_±1 . 6  ng/ml, respectively ) .  

Generally, the lowest prolactin levels were recorded from the 

N. Z .  Romneys , and the highest from the Merinos , with the Polled Dorsets 

intermediate ( overall means 41 .o, 8.3 .1 , and 51 .o ng/ml, respectively ) .  

I n  March and April, 1 972, both the N. Z .  Romney a nd  Polled 

Dorset groups had low levels of plasma prolactin in comparison with 

the Merinos (Contrasts 1 4, 1 5  and 1 7) . Further, in May ·1 973 ,  the 

Polled Dorsets displayed a sudden fall in plasma prolactin to near 

baseline levels , while the Merinos exhibited a more moderate fall 

(Contrast 1 6 ) .  ( Note : the N. Z .  Romneys displayed a decrease  in 

plasma prolactin levels s imilar to that recorded from the Polled 

Dorsets , but this decline was not tested separately by the orthoeot�l 

c ontrasts made in the analysis of variance ) .  

( .3 )  Autopsy Data 

See Tables .3 . 1 5,  3 . 1 6 and .3 .1 7. 

These data were obtained in June 1 97.3 , after the breeding 

s eason, when plasma LH and testosterone were at minimum levels . 

The only s ignificant difference between  the breed groups was 

the recording of lower weights of ampullae from the Merinos than from 

rams of the other two breeds . 

(4) Meteorological Data 

See Figure .3 .7. 

Both daily photoperiod and temperature displayed s imilar 

s inusoidal patterns throughout the year. Total rainfall also showed 

a seasonal pattern, but in contrast to that for phot?period and 

temperature , had maximum values during the winter months and minimum 

values during the summer months . Changes in mean relative humidity 

( not shown) were less marked and c orresponded with the changes in 

total rainfall. 



Table  3 . 1 5 

Data (means* + S . E . ) c o l l e cted f o l l owing autopsy of  rams uti l ized in Exper iment 3 .  

Body Testi cular S eminiferous Epididymal Epididymal Ampul lar Semina l 
we ights weights tubule  we ights spermatozoal we ights ves i cular 

d iameters res erves we i ghts 
( Kg )  ( g )  ( p )  ( g ) ( x 1 09 ) ( g )  ( g )  

N . Z .  Romney 71 . 4_±3 . 4  1 88 . 9_±1 4 . 0  1 58 . 4.± 5 . 5  42 . 6_±2 . 5  36 . 75_±1 3 . 3 5  3 . 73_±0 . 30 7 . 82_±0 . 78 

Merino 66 . 4+4 . 6  2 5 2 . 7_±33 . 3  1 60 . 4.± 8 . 8 44 . 7_±3 . 6  23 . 67.± 8 . 37 2 . 47_±0 . 1 1 6 . 39_±0 . 62 

Po l l ed Dorset  64 . 5_±5 . 0  264 . 6_±60 . 7  1 63 . 6_±1 4 . 6  50 . 9_±8 . 3  49 . 00_±1 4 . 07 3 . 72+0 . 39 7 . 7 1_±1 . 28 

Seminal ves i cular fructose  Thyro id Pituitary Pineal Hydroxyind o l e -0-methyl Pineal c e l l  
Total c ontent Conc entration weights we ights weights trans ferase activity nuc l ear dens ities  

( mg ) (mg/g ) ( g )  ( mg )  ( mg )  (DPM/mg ( DPMjpineal ) (No . /std . grid ) 
pineal ) 

N . Z .  Romney 36 . 2.± 7 . 5  443 . 2.± 5 5 . 6  5 . 52.± 0 . 53 702 . 2_:!:56 . 3  69 . 1 _± 8 . 4 1 2 5 . 0+1 5 . 4 8276+1 076 38 8 . 3+22 . 6  

Merino 1 7 . 3.± 8 . 3 245 . 2.± 9 5 . 7  6 . 25.± 0 . 63 837 . 8+58 . 2  8 5 . 5_±1 0 . 1  1 32 . 9_:!:25 . 3  1 0701,:!:1 326 3 5 1  . 7,:!:1 6 . 5  

Po l led  Dors e t  40 . O.:t 1 5 • 1 46 1 • .  9±1 20 . 2  6 . 04,:!: 1 . 71 838 . 6±57 . 8  98 . 4,:!:2 5 . 7 1 22 . 2±41 . 2  9892,:!:2 543 380 . 2+ 9 . 6 

* Where  data have been obtained from paired organs , means for each group were bas ed on totals  per ram . 

..... 
!\) !\) 



Tabl e  3 . 1 6  

Varianc e ratios for c ontrasts i n  the analys e s  of  varianc e of  data pres ented in Tabl e  3 . 1 5 .  ( D . F .  = 1 , 1 2 )  
Note  : Var iance rat i os re lated to pineal gland data are pre sented separate ly in  Tabl e  3 . 1 7 . 

Contrast  

Contrast  2 

Err or Mean Square 

Contrast 1 

Contrast  2 

Error Mean Square 

· Body 
we ights 

1 . 28  

0 . 1 1  

89 . 42 

Ampul lar 
weights 

3 . 62 

8 . 57* 

0 . 40 

T-e st icular 
weights 

2 . 88 

0 . 05 

6024 . 83 

Semina l  
ves i cular 

we ights 

0 . 57 

1 . 00 

3 . 75 

Seminiferous 
tubul e  

diameters 

0 . 1 1 

0 . 05 

4 1 7 . 58 

Semina l  ves icular fructose  
Total c ontent Conc entrat ion 

0 . 42 0 . 77 

2 . 37 2 . 79 

483 . 42 37440 . 83 

( Footnote : Contrast  1 
Contrast 2 

N . Z .  Romney vs Merino and Po l led Dors et ; 
Merino vs Polled Dorset ) . 

Epididymal 
we ights 

0 . 89 

0 . 79 

' 1 05 . 83 

Thyroid 
we ights 

0 . 32 

0 . 02 

4 . 28 

Epididyma l 
spermat ozoal  

reserves 

o . oo 

1 . 88 

760 . 42 

Pituitary 
we ights 

3 . 9 1  

o . oo 

1 69 1 8 . 3 3  

...io 
1\) 
\.!ool 



Tabl e  3 . 1 7  

Variance  rat i os for c ontrasts in  the analys e s  of  varianc e of  pineal gland data pre s ented in  Tabl e  3 . 1 5 .  ( D . F .  = 1 , 1 2 ) 

Contrast  1 

Contrast 2 

Error  Mean Square 

( Fo otnote : Contrast  1 
Contrast 2 

Pineal 
we ights 

1 . 8 5  

0 . 37 

1 006 . 67 

Hydroxyindole-0-methyl 
transferas e act ivity 

( DPM/mg pinea l ) (DPM/pineal )  

0 . 01 1 • 1 9 

0 . 08 0 . 1 2 

3357 . 48 1 229029 5 . 1 7  

N . Z . Romney vs Merino and Po l led  Dorset  
Merino vs  Polled Dors et . )  

Pineal c e l l  nuc lear 
dens ities  

0 . 9 8  

0 . 99 

1 8 1 9 . 42 

� 
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f rom N . Z .  Na ut i ca l  A l ma n a c ,  1 9 7 2 ) , a n d  tempera t u re a n d  tota l ra i n 

t a l I ( reco rded a t  Ma ssey Un i ve rs i ty ) ,  d u r i n g  the t i me-co u rse of 

Expe r i me nts 3 a n d  4 .  
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4. DISC USSION 

( 1 ) Seas onal Changes in Seme n Prod ction 

S e as onal c hanges in ram s eme n product ion have been reported 

1 2 6 

by a number of workers ( see rev iews by Emmens and Rob i ns on, 1 962 ; and 

Lodge and Salisbury, 1 970) . Although the results have te nded t o  be 

e quiv ocal, ge nerally higher quality semen has bee n  rec orded during 

autumn and early winter. Variations betwee n previous reports 

mos t ly can be attributed to fact ors s uch as the part icular s e me n  

attribute under s tudy, the breed o f  sheep ,  a nd  the locat ion of the 

experime nt .  

I n  the pre s e nt experime nt a we ll-defined s e as onal pattern was 

re c orded for e jaculate volume and s eminal fructose data, the s e  be ing 

the s eme n parame ters which are i nflue nce d  most by acces s or,y sex gland 

function (Mann, 1 964) . This s e as onal pattern c ons iste d of a peak in 

values for these characteris tics during autumn and low levels during 

spring, which supports e arlier reports from studies on rams in 

C alifornia ( Cupps e t  al. , 1 960) and Is rae l (Amir and V olcani, 1 965 ) .  

All other seme n  charac teristics s t udied re lated to 

spermatoz oal numbers , the ir act ivity, or their morphology, and large ly 

were i ndicat ive of testicular and epididymal function. These other 

characteris t ics did not show aqy evide nce of a seas onal patte rn, 

except for numbe rs of spermat oz oa per e jaculate , which· tended to be 

e levated during the autumn months . I n  c ontract t o  these res ult s ,  

Smyth and Gordon ( 1 967) rec orde d s ignific ant incre ase s  during the 

autumn months in percentages of live s permatoz oa, s permat ozoa per ml 

and s permatoz oa per e jaculate , for Galway, Suffolk and Wicklow rams , 

i n  Ire land. Thes e  authors cons idered that the marked changes i n  

spermatoz oal production were re lated to s e as onal changes i n  le ngth of 
1" .£Dnrrq:s t 

d�light . � workers in Australia reporte d that s eas onal changes in 
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semen quality were related to excess ive heat and undernutrition, 

rather than other s e as onal fact ors (Gunn, Sanders and Grange r, 1 942 ) .  

Subse que ntly other authors have attributed increased fre que nc ies of 

s permatoz oal abnormalities , or impaired s permatogenes is ,  to high 

summer temperatures (Hafe z ,  Badre ldin and Danvish, 1 955 ; Hiroe e t  al . ,  

1 960) .  Als o, Moule , Brade n and Mattner ( 1 966 )  suggested that a 

s eas onal increase in .the quant ity and quality of forage available t o  

graz ing Merino rams acc o unted for a n  autumnal peak o f  seminal fruct ose 

c oncentrat ions re c orded from these rams . In Experime nt 3 no marked 

s eas onal changes in seme n charac teristics depe nde nt on testicular or 

epididymal activity were re c orded, indicat ing that ne ither high 

s ummer temperatures nor inadequac ies in feed supply, had s ignificant 

effects on production of spermat o z oa .  O n  the other hand, the 

autumnal peak of acc e s s ory gland activity, as determined from 

e jaculate volume and seminal fructose leve ls, might have bee n  related 

t o  increase d  pas ture production during the autumn, but more like ly 

resulted from change s in daily photoperiod. T ogether, t he pres e nt 

and previous findings , indicate that several e nvironme nt al fact ors 

c an influence reproduction in rams , and that the re lative imp ortance 

of each fact or can be evaluated only in experiments in which 

e nvironme nt al fact ors c an be varied independe ntly, by use of 

c ontrolled-climate rooms .  

Hafe z ,  Badreldin and Darwish ( 1 955 ) reviewed a number of 

s tudies and c oncluded that the degree of seas onality in s emen 

characteris t ics depended on the latitude of the place of st�, a 

higher degree of seas onality be ing rec orded at higher latitude s .  It 

is thus ne cessary to c o ns ider differences in locat ion whe n c omparing 

results reported in the literature . Much of the re levant work done 

in Aus tralia, California and Israe l was performed at lower latitudes 

than the present s tudies ,  located near Palmers t on North ( lat . �0°21 ' 



S ) , whereas in the United Kingdom and Europe such work has been 

carried out at higher latitudes . 

Amir and Voloani ( 1 965 ) indicated that even for semen 

characteristics showing a degree of seasonality, the extent of 

variatioM depended on the breed of rams . For example , no seas onal 

fluctuations in seminal plasma volume , and in seminal fructose and 
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citric acid concentrations were recorded from German Mutton Mer ino, 

C orriedale and Dorset Horn rams , and contrasted with the marked� 

seas onal patterns displ�ed by Awass i  and Border Leicester rams . In 

Experiment 3 t he N. Z .  Romneys had lower values for motility indices 

and spermatoz oal concentrations than the other two breeds . This may 

have been related to  the deficiency in spermatogenesis shown by rams 

of a related breed (Romney Marsh) compared with Merino, C orriedale 

and S outhdown rams , in Brazil (Mies Filho and Ramos , 1 956 ) .  

The Polled Dorset rams did not display any seas onality i n  seminal 

fructose levels , which may have been  related t o  their extended breeding 

seas on, yet the Merinos which have a s imilar breeding pattern had a 

we ll-defined autumn peak for this semen parameter. A similar pattern 

of seminal fructose changes in Merino rams was als o reported by 

Moule , Braden and Mattner ( 1 966 ) .  In comparis on t o  the Merinos , the 

Polled Dorsets in the present stuqy showed less  distinct fluctuations 

in e jaculate volume and spermatozoal numbers , which s uggested  als o  

that the Merinos had a greater tendency for seas onal changes i n  seme n  

production than Polled Dorsets . 

Fertility per se was never tested in this experiment but indices 

published by Edgar (1 959 )  and Hulet and Ercanbrack ( 1 962 ) have provided 

s ome guidelines for evaluating semen quality with respect to potential 

fertility. Spermatozoal concentrations in semen from rams in this 

experiment were satis factory or good ( over 1 x 1 09 
spermatozo�ml ) 

according to  these guidelines . The rather low values for percentage 



of motile ( les s  than 5Q%) and perce ntage of abnormal s permat oz oa 

( les s  than 70-80�) probably reflected differences in s ub je c t ive 

ass e s sment of thes e  parameters , be twe e n  this and other s t udies .  
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Subfert ility was never expe cted t o  oc c ur  at any t ime during 

the c ours e of Experiment 3.  However, changes i n  potential 

fertiliz ing capac ity of sperm may have bee n  detec table by use of more 

stringe nt in v itro tests of s permat ozoal viability. Such tests 

include spermatoz oal motili� after incubation at boqy temperature 

( Ludwick, Olds and C arpenter, 1 948; Buckner, Willet t  and Bayley, 

1 965 ) ,  and spermatoz oal viability after free z ing ( C olas e t  al. , 1 972 ) .  

Abrupt changes in values for e jaculate volume and s permat o z oal 

c once ntration c oincided with the change in seme n collection method to 

e le c tro-e jaculat ion, and supported previous evide nc e  that e jaculates 

c ollected qy this technique have a gre ate r  volume and lower 

s permat oz oal c once ntration than those c ollected by art ificial vagina 

( Braqy and Gildow, 1 939;  Ortavant, Laplaud and Thibault, 1 948; 

Mattner and Voglmayr, 1 962 ; Salamon and Morrant, 1 963 ; Rathcre , 1 970 ) .  

An i ncrease i n  t otal e jaculate fructose c ontent als o oc curred 

s imultaneous ly  with the change in seme n  c ollection method, which 

supported an e arlier observation that ele ctro-e jac ulat ion st imulated 

the acc e s s or.y glands more than did service into an artific ial vagina, 

and thereby rais e d  seminal fructose c onte nt and conc e ntration (Mattner 

and V oglmeyr, 1 962 ) .  In the prese nt  experime nt no s imilar change in 

the c once ntrat ion of fruct ose in seme n  and seminal plasma occurred 

indicating that the change i n  tot al e jaculate fruct ose conte nt c ould 

be accounted for by the increased e jaculate volume . 

Because the change in seme n c ollection method was confounded 

with seas onal changes, it was not pos s ible to attribute the 

c o nc om itant fall in indice s of mot ility and perce nt ages of motile and 

morphologically normal s permatoz oa, t o  c ollect ion me thod alone ,  if at 



all. Other workers have reported higher indices of mot ility or 

perce ntages of motile spermat oz o a  in seme n c olle cted by art ific ial 

vagina than in that obtained by e lectro-e jaculat ion ( Brady am 
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Gildow, 1 9.39;  Mat t ne r  and Voglmayr, 1 962 ; Salamon and Morrant , 1 963 ) ,  

however i t  has bee n  pointed out that the changes i n  s permatozoal 

conce ntration influe nce the ass e s s me nt of s permatozoal motility 

(Mat t ner and Vog�r, 1 962 ) .  There fore it is like ly t hat the 

major e ffect of e le ctrical stimulation is the product ion of an 

increase d  volume of acces s ory gland s e cre t ion c ompared with that 

found in artificial vagina e jaculates .  

( 2 )  Seas onal C hange s in Plas ma H ormone Levels 

( a ) LH and Tes t os terone . E levated leve ls of plasma LH i n  

rams during the autumn months have bee n  re ported by a s mall number 

of workers ( Pelle t ier, 1 971 ; John.'i on, Des jardirl3 and Ewing, 1 97.3 ) . 

I n  Experiment .3 peak LH leve ls were re c orded in December ( near 

midsummer) which c orresponded with a re ce nt French report of a peak 

during June (Hochereau-de Reviers , Loir a nd  Pe lletie�, 1 976 ) .  ot her 

workers have failed to demons trate seasonal changes in plasma LH 

leve ls i n  rams (Kat ongole , Naftolin and Short, 1 974; Sanford, Palmer 

and How land, 1 9742) . 

Autumnal peaks in plasma tes t osterone c oncentrations in rams 

have bee n  reporte d by Attal ( 1 970 ) ,  Johns on, Des jardins and Ewing 

( 1 973 ) , Katongole , Naftoli n  and Short ( 1 974 ) ,  and Sanford, Palmer and 

Howland (1 97�) . · H owever, in Experiment 3 pronounced s e as onal 

changes in tes t os t erone levels were dia pl�ed by all thre e bre eds , 

with peak conce ntrat ions occurring during January, February and March; 

this res ult was more i n  agre e me nt with t he pattern described by Gomes 

and Joyce (1 975 ) ,  who re c orded peak plas� testosterone levels from 

S outhdown, Shropshire and Targhee rams during the midsummer months. 
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Although a s eas onal pattern o f  LH secre t ion was rec orded i n  

the pre s e nt s t udy, the period o f  e levated plas ma leve ls las te d from 

S eptember t o  April. This period e nc ompas sed the period o f  e levated 

testosterom c o nce ntratiom , but t he peak of LH secretion occurred 

approximate �  one month e arlier than the highe s t  te s tosterone peak. 

Moreover, the period of e levated plas ma tes.t osterone conc e ntrations 

( January, February and March) in Experiment 3 precede d, by 

approximate � one month, the c orresponding Augus t-November tes tosterone 

peaks des cribed in the literature .( Attal, 1 970 ; Katongole , Nafto li n  

and Short, 1 974; Sanford, Palmer and Howland, 1 974�) . August

November in the Northern Hemisphere c orresponds to February-May in t he 

S outhern Hemisphere , yet in t he pre s e nt s tu� plasma t e s t os terone 

levels had re turne d  t o  baseline c o nc e ntrat ions by May, i n  agre e me nt 

with the c orres ponding res ults of Gome s  and Joyce ( 1 975 ) in Ohio, 

u. s . A. 

There was les s  evide nce for a seas onal pe ak of plasma LH levels 

i n  the case of Merino rams . Such differe nces bet'.vee n  breeds in the 

present study could ac c ount for the disparit ies betwee n res ults in 

previous papers . However, these differe nces undoubte dly have bee n 

c ontributed t o  by differe nces i n  localitie s ,  and by the s mall numbers 

of rams ( 2-5 per breed)  s tudied in e ach paper. 

The as s oc iat ion in timing of peak levels of s ecretion of LH 

and tes t os terone supported the ge neral view that LH s t imulates t he 

production of androge ns by the t e s te s .  This t opic and the role s  of 

fee dback c o ntrol and s eas onal e ffe cts will be dis cUssed later ( Se e  4, 

General Dis cus s ion) . 

( b )  Prolactin. Elevated plasma prolactin levels during t he 

s ummer months were re c orded from rams in Experime nt 3 and s ugge s te d  

a seas onal pattern s imilar t o  that des cribe d for goats ( Buttle , 1 974) 

and bulls ( Schams and Re inhardt , 1 974) . In each case the animals 
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studied were s ubje cted to seas onal changes in both daily phot operiod 

and temperature , s o  the re lative importance of these e nv iron�e ntal 

factors c ould not be determined. Pe lle tier ( 1 973 ) sho·;ved that there 

was a dire ct re lat ionship 'betwee n  t he le ngth of the daily phot operiod 

and plasma prolact in levels in rams and wethers s ub je cted t o  artifici al 

lighting regimes with c ontrasting s e as onal cyc les . I t  thus s e e ms 

clear that daylight is the major fact or c ontrolling plasma prolactin 

leve ls in rams . Als o, Hart ( 1 975 ) s h owed that the provis ion of 

additional lighting t o  goats during the autumn months , preve nt e d  the 

se as onal dec lir£ in prolactin re sponse to milking. 

In view of the influence of the stre s s  of ve nepuncture in 

causine elevat e d  prolactin levels in goats (Hart , 1 973 ) and c ows 

( Johke , 1 969;  Raud et al � ,  1 971 ) , i t  is c once ivable that the plasma 

levels obtaine d  in this study were e levated above normal .  However 

the pres ent res ults ,  and those of Pe lletier ( 1 973 ) ,  Buttle ( 1 974) and 

S chams and Re inhardt ( 1 974 ) ,  were all bas e d  on plasma s amples obtained 

by venepuncture . Seas onal or lighting e ffe cts on plasma prolactin 

leve ls were therefore of s t�ficie nt magnitude to be de tectable even 

though s ampling procedures may have e levated prolactin leve ls . Als o, 

very low prolactin levels were me asure d i n  plasma samples c ollected 

during winter months s ugge sting that the e levat ions cause d  by 

ve nepuncture s tress were of minor importanc e ,  at leest at t hat t ime of 

the year. Furthermore , whe n taking s ingle blood samples at weekly, 

or le ss-fre que nt i ntervals , it c ould be as sumed that the influence of 

s tress during sampling was constant for all groups throughout e ach 

experime nt . Neverthe les s  it would have bee n  more des irable t o  s ample 

blood remot e ly by meana of indwe lling ve nous cannulae , t o  e liminate 

the poss ibility that aqy differences betwee n  groups of rams mere ly 

re pre s e nted differe nce s  in susceptibility t o  stres s .  

Although Merino rams had higher mean plasma prolact i n  leve ls , 
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t h e y  d isplay e d  s im i lar seasonal pa t t erns o f  prola c t i n  s e c r e t ion 

t o  the N . Z .  R omney and Polled Dor s e t  rams , s o  the s i gn i f i cant be 

t we e n -breeds c ontras t s  may ha ve b e e n  o f  doubt f�l imp ortanc e .  

( 3 ) A u t opsy Da ta 

The ne ga t ive re sults  as r e gards any c onsistent  pa t t ern o f  

br e e d  d i f ferences  i n  the aut opsy data was i n  ac cord w i t h  the lack 

of ma j or d i f fe re nc e s  in plasma hormone l e vels or s e men chara c t er -

i s t ics . A ls o ,  t h e  da ta were c ol l e c t e d  at a t ime when hormonal and 

s em inal parame t ers were a t  the ir m i nimum values . This result  d o e s  

not  exclude the pos s i b i l i ty that br e e d d i fferences in t he s e  data 

c ould have o c curr e d  dur ing the br e e d ing s eason . 

The l ower we i ghts o f  ampullae from the Mer inos wer e o f  

dubious imp or tanc e .  

(4) General Dis cuss i on 

No d ir e c t  a t t empt was made i n  th is  exper iment t o  inv es t iga t e  

t h e  interr e la t ionships between t h e  var i ous parame ters s tu d i e d . I t  

w a s  poss ibl e ,  however , t o  make i n f ormal c omparisons o f  t h e  t i m ing o f  

c hanges i n  s ome var iable s . The r e lat i onsh ips between t h e  s eas onal 

pat t erns of p lasma LH and t es t os t er one , and sem inal plasma fruc t os e  

c onc entra t i ons , ar e illustrat e d  i n  Figur e 3 . 8 .  This graph i c  c orn -

par ison i n d i c a t e d  that the highe s t  plasma LH levels pr e c e d e d  those  

o f  test os t e rone  by approx imately one mont h .  I n  turn , t h e  increase 

in t es t os t erone l evels oc curr ed  about one month earl i e r  than the 

c orrespon d i n g  eleva t i ons in sem inal plasma fruc tose c o n c entra t i ons . 

The d e lay b e t w e e n  peak plasma LH l e vels and the c onsequent 

p e aks in plasma t es t os t er one was unexp e c t edly l on g ,  s i n c e  t es t ost erone 

l e vels usually rose within twenty t o  forty minutes o f  an  L H  s ur ge in 

rams during a 2 4 -hour sampl ing p e ri o d  ( Katongole , Na f t ol in and Short , 
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1 974; Sanford et a l . ,  1 974l1) . . Als o, after Gnllli adminis trat ion t o  

r� , plasma testos te ro ne  le ve ls rose a t  t h e  s ame t i me  as plas ma L H  

(Gall oway e t  al. , 1 974 ) , or within fifty m i nutes Bremner e t  al. , 

1 976 ; Le e et al. , 1 976 ) .  However, the fact that hormone 

c oncentrations were de t e rmined on plasma s ample s colle c t e d  at four

we ekly intervals in Experiment .3 ,  meant that pre c ise s tatements ab out 

their time-re lationships c ould not be made . Furt he rmore , the pre s e nt 

study was a n  inves tigation of change s in me an hormone leve ls throughout 

the year, not tes t os t e rone re spons e s  t o  individual puls e s  of LH 

s e cre tion. So, the r e s ults pre s e nt e d  here indicate d that there was a 

s e asonal change in the de gre e  of test icular response t o  LH s timulati o n, 

as we ll as a s e as onal change in LH output . The change i n  LH output 

itself might have refle cted seas onal changes in hypotha lamic or 

p ituitary re s pons ive ne s s  to tes tos te rone fee dback, this re s p o ns iv e ne s s  

be ing influe nce d  by othe r  fac t ors , s uch as daily phot operiod o r  pineal 

gland activ ity . Seas onal change s i n  t e s t icular re s poM ive ne s s  t o  LH 

have bee n  de s cribed in the male goat by Racey, Rowe and C hesworth (1 975 ) ,  

who s ugge sted that t he s e  chan�s were the re s ult of the l ong-term 

e ffe cts of the earlier rise in plas ma LH leve ls . 

It is poss ible that a certain durat ion of st imulat i o n  of the 

testes by rais e d  leve ls of c irctuating LH is re quire d to proliferate 

s te roido ge ni c  c e lls . Thereafter the t e s t os terone res p o ns e  t o  LH � 

be c ome progre s s ive ly greater, and t e s t os te r one produc t ion may c ont inue 

at elevat e d  leve ls ,  eve n with reduc e d  LH s t imulation. It has be e n  

s uggested that the freque ncy of pulses of LH se cre t ion m� vary 

through the year (Katongole , Nafto li n  and Short, 1 974),  and c ould alter 

t he de gre e  of t e s t icular stimulat ion by affe cting the me a n  LH 

c once ntration without ne cess arily changing the maximal plasma c onte nt .  

Further experiments will h ave t o  be performed t o  inve s t igate 

the various as pe cts of s eas onal c hanges in the c ontrolling me chanisms 
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for LH and tes tos terone release in ram3 . Such experime nts include 

the study of seasonal changes i n  : the LH and testosterone 

res ponses t o  GnRH injections ; the testosterone secretory resporu.Jes 

to LH inje ct ions ; and the feedback effects of testosterone 

injections on LH output. 

I ncre aDed leve ls of fructose in the s eminal plasma of 

c astrated rama have been reported during daily ( Moule , Brade n and 

Mattner, 1 966 ) or alternate dai� (Knight , 1 973 ) tre atme nt with 

testosterone injections . An e ight to e leven day de l� from 

c omme ncement of treatme nt to s eminal plasma fructose res ponse was 

noted by Moule , Braden and Mattner (1 966 ) ,  and a s imilar delay can 

be see n on inspe ction of Kni&ht ' s  ( 1 973 ) res ults.  Likewise the 

r� in Experime nt 3 did not show an immediate ris e  in seminal 

fructose leve ls following the s eas onal incre as e in plasma testostero}')..e 

leve ls � Als o, seminal plasma fructose levels remained elevate d 

after plasma testosterone c o ncentrations had declined. These results 

indicate that the res ponses of ram acce s s ory sex glands to androge n  

stimulation re quire a certain amount of  time t o  reach the ir full 

secretory potential, this time probably be ing nee ded to allow full 

development of active secretory cells . Once maximum se cre t ory 

activity has been attained, high levels of fructose  output may be 

maintained even by reduced leve ls of androge ns .  

In summary, Experime nt 3 showed that the seas 0}')41 pattern of 

change s which characterize the breeding seas on in rams t ook the· form 

of an elevated output of LH, followed by a s ubsequent peak in 

secretion o f  andro�ns by the teste s . This led, in turn, t c  incre as e d  

secretory_ activity of the acce s s ory sex glands and als o ( acc ording t o  

Ahmed, 1 955) t o  increase d  sexual activity. 

I n  fie ld experiments of the kind des c ribed in this chapter it 

is difficult to as certain which e nvironme ntal factors were 



res pons ible for the s eas onal patterns rec orded for s emen production 

and plasma hormone leve ls . Variat ions in daily phot operiod, 

temperature , rainfall or nutrit ion could not be controlle d  

indepe nde nt�, and hence c ould not be ruled out as pos s ible 
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re gulators of seas onality in s he e p. However several authors , in 

discus s ion of s imilar fie ld experime nts ,  have implicated phot operiod 

as the ma j or e nvironmental factor influe nc ing s e as o nal reproduct ive 

change s in rams ( Smyth and Gordon, 1 967;  Pe llet ier, 1 971 ; KHt ongo1e , 

Naft olin and Short , 1 974; Purvls , . I l lius and Hayne s , 1 974; Gome s 

and Joyce , 1 975 ) .  Further s upport for this v iew has bee n  obtained 

from studies in which e nvironmental fact ors were controlled s o  that 

the e ffe cts of phot operiod c ould be studied indepe nde ntly ( Ye ates , 

1 949 ; Fowler, 1 961 ; Ortavant ,  Maule on and Thibault , 1 964; Pe llet ier, 

1 971 ;  Jacks o n  and Williams , 1 973 ; Pe lletier and Ortavant , 1 975� £) . 

The need t o  e stablish the role of phot operiod in producing s ome of the 

res ults obtained in the pre s e nt experime nt made it obligato� t o  

perform experiments des cribed later in this the s is ,  i n  which rams 

were s ub je cte d to c ontrolled e nv ironme nts . 

Evidence of marked s e as onality, shown by the Merino and Polled 

D orset rams particularly with re gard to plasma testos terone leve ls , 

was not ant ic ipated as these rams had bee n  expected t o  be les s  s e as onal 

than the N. Z .  Romney bree d  ( Hafe z .  1 952 ) .  It s eemed, from the data 

obtained during this s tudy, that rams of all three breeds probably 

were c apable of reproduction throughout the whole year. Neverthe le s s ,  

a marked s e as onal pattern was exhibited by thes e  rams with regard t o  

plasma hormone leve ls a nd  acce s s ory s ex gland funct ion, a nd  this 

pattern might have bee n reflected by subtle variations in the relative 

leve ls of fert ility, which were not de tectable in Experime nt 3 .  I t  

might therefore have bee n  worthwhile t o  inve s ti gate ram fertility 

e ither in viv o  by inseminat ing ewe s ,  or by use of i n  vitro viability 



1 38 

tests o n  seme n, in the pres e nt experime nt . Merinos and Polle d Dors ets 

lacked s e as onal variatior� i n  plasma LH and s eminal fruct ose leve ls , 

re s pe ct ively, whi c h  indicated that important bre ed d iffere nce s  in 

seasonality m� have occurre d .  

Although t he link be twe e n  plasma prolactin leve ls and 

reproduction in rams may be t e nuous ( see Chapter I ) , the marke dly 

s e as onal pattern o f  prolactin s e cretion ind icated that if prolac t i n  

was gonadotrophic in rams , i t  c ould provide a me ans by wh ich change s 

in daily phot operiod could modif.y re product ive activity. Plasma 

prolac tin levels appe ared to be more dire ctly i nflue nced by phot o

period than those of LH and t e s t osterone . Thus prolactin re leas e  

c ould be influe nce d  by ph ot ope riodic s t imuli v ia the pineal gland, a n  

organ which s ome authors fe e l  warrants further inve s t igation 

re garding its poss ible i nv olveme nt  i n  reproduct ive rhythms in manunals 

(Re iter, 1 974!_) . 

A s harp drop occurre d  in 1H levels i n  plasma c ollecte d  on 4 

De cember 1 972 , with a s ubse que nt and le s s  s evere fall in tes tosterone 

leve ls .  This was c o ntrary t o  the ge neral s e as onal pattern and thus 

warrants s ome explanation. In an attempt t o  e luc idate this matter, 

plasma s ample s c olle cted both one week prior t o  and one week following 

this occasion were as sqye d ;  the results revealed t hat this decline was 

spread over a few weeks am was not just an is olate d  eve nt on one 

particular day . Approximat e ly seve n weeks after the de c line i n  

plasma LH leve ls , s e men s amples dis played a trans ie nt drop i n  quality, 

which together with the hormone data, s ugge s te d  that a severe 

depres s ion of re productive system func tion had occurre d  in e arly 

De cember 1 972 . No s atisfactory explanati o n  can be put forward t o  

acc ount for this event ,  but i t  was not c o ns idered t o  be a normal 

feature of the pat tern of s e as onal changes in reproduct ive character

i s t i c s  which forme d the ma j or fi ndings of this experime nt .  
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CHAPI'ER IV 

SEAS ONALITY OF SEMEN PRODUCTION AND PLASMA HORMONE LEVELS I N  RAMS WITH 

MODIFIED OLFACT ORY AND PINEAL FUNCTION 

1 • I Nl'RODUCTION 

The work des cribe d in this chapter was a pre liminary 

i nve s t igat ion of the ne uroendocrine mechanisms mediat ing the s e as onal 

changes in s eme n characteristics and h ormone levels observed i n  the 

prev i ous chapter. 

The tw o systems i nve s tigated were the pineal gland and the 

olfact o�J sys tem. Both of the s e  sys tems have be e n  d e s c r ibe d in 

Chapter I as p os s ible modifiers of reproductive and e ndocrine act iv ity 

i n  r ode nts , although lit t le re s e arch has be e n  publis he d on the ir 

fur.ctions in d ome s t ic anima ls . Pine ale c t omy i n  ewes faile d t o  have 

any e ffe cts o n  the inc ide nce of oes trus or ovulation, or LH le ve ls 

(Roche et al. , 1 970�) . On the other hand, C ardinali , Nagle and 

Roa ner (1 974�) re p orted a s ignificant re lat i o ns hip betwe e n  pineal 

gland act ivity and s tage of the oestrous cycle in ewe s .  N o  othe r  

r�ports have appeare d in the literature re lat ing pine al gland 

func t ion to re production in sheep. Like wise the role of the olfactory 

system, on s e as onal change s in seme n  quality and hormone leve ls , haa 

not be e n  e s t ablishe d for sheep. 

The c las s ical appr oach to s uch a s t udy would have bee n to 

observe the e ffe cts of s urgical removal of the organs . H owever, 

difficult ie s were e nc ountered in initial attempts at s urgic al removal 

of the pineal gland from rams , s o  instead, the cranial c e rv i c al 

ganglia were remove d. The s e  ganglia are part of an affere nt nervous 

pathway to the pineal gl and in rats and hamsters , and the ir removal 
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abolishe s the responses of the pineal gland t o  e nvironme ntal dark ne s s  

(Wurtman, Axe lrod and Fis che r ,  1 9�;  E ichle r  a nd  Moore , 1 971 ) . It 
was as s umed that if cranial cervical ga nglione c t omy produced any 

changes in t he parameters under s tudy in this experime nt , the s e  

probably c o uld be attribute d t o  altere d pine al g la nd  funct i on. 

Similarly ,  t he olfact ory bulbs of rams were removed t o  i nve s t igate the 

pos s ib i lity that t he res ultant impairme nt of olfac tory func tion � 

alte r the normal s e as onal changes in s eme n  characteris t ic s  and blood 

hormone levels . 

2.  MATERIALS AND METHODS 

( 1 )  Animals and Mana�� nt Proce dure 

Adult rams of the N.Z .  Romney bre e d  were allocated randonuy t o  

a c o ntrol group (s :!..x rams ) , or t o  three s urgically treated groups 

( four rams e ach) . Rams in the three tre ate d  groups were : olfactory 

bulbe otomize d  (BulbX) , cranial cervical ganglionectomize d ( GanglionX) , 

or olfact ory bulbe ctomi 7. � d  and cranial cervical ganglione c t omized 

( Bulbx/GanglionX) . Th� c ontrol group ( C ontrols ) in this expe rime nt 

was the group of N. Z .  Romney rams s t ud ied in Experime nt 3 and the two 

experime nt s  des cribe d in this and the previ oua chapter were run 

c o ncurre ntly ,  the one group of c ontrol N. Z .  Romney rams prov iding data 

for b oth s tudies . All the rams grazed t ogether as one fl ock, under 

the management proce dure s de s cribed in Chapter II . 
T he s urgical techniques for olfac t ory bulbe c t omy and s uperior 

cervical ganglionec t omy were de s cribed in C hapter II. The general 

healt h  of the operated rams appeared to be ide ntical to that of the 

C ontrols yet ,  one BulbX ram and one GanglionX ram die d  from unknown 

caus e s  in the early s tages of the e xperime nt . Acy dat a obta ined 

from the se rams were exc luded from the re s ults . T here was no 



postmortem e v ide nce that these deaths res ulted from the s urgical 

proce dure s ,  or the ir after-e ffe ct s . 

( 2 )  Data C olle ct ion 

Seme n and blood plasma s ample s ,  as well as aut opsy data were 

colle c t e d  in Experiment 4 in the s ame manner as des cribe d for 

Experime nt 3 .  

( 3 )  Stat is t ical Analys e s  

Effe cts of seas ons o n  s eme n characteris tics a nd  plasma h ormone 

leve ls were s tudie d us ing the orthogonal c oe ffic ie nt s  de� cribed in 

Experime nt 3 ( s e e  Figure 3 .1 , and Tables 3 .1 , 3 .2 and 3 .3 ) .  

C omparis ons betwee n the e ffe c t s  of the s urgical treatme nt s  were 

performed us ing the orth ogonal c oe ffic ient s  shown be low, we ighte d for 

disproportionate numbers of rams in each group. 

C ontrast 

C ontrols � BulbX , 
GanglionX, & BulbX/ 
GanglionX 

BulbX & GanglionX 
� BulbX/GanglionX 

BulbX � GanglionX 

C ontrols Bulb X 

+3 -1 

0 +1 

0 +1 

GanglionX Bulb� 
GanglionX 

-1 -1 

+1 -2 

-1 0 

However, in the cas e  of autopsy data re lating to the pineal gland 

(pineal gland weight ,  cell nuc lear de ns ity, and hydroxyindole-o-methyl 

transferase activity ) the following s e t  of ortho gonal c oefficie nt s  was 

use d, again weighted for disproport ionate group s ize : 

Contrast C ontrols 

GanglionX, Bulb� -1 
GanglionX vs C ontrols , 
BulbX -

GanglionX vs Bulb� 0 
GanglionX -

C ontrols !:!. BulbX +1 

BulbX 

-1 

0 

-1 

GanglionX Bulb� 
GanglionX 

+1 +1 

+1 -1 

0 0 
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T his latter set o f  orthogonal coefficie nts was s pe c ific al� devised t o  

investigate the assumption made in t he introduction, that cranial 

cervical ganglione cto� would alter pineal gland func t i on in rams . 

3 . RESULTS 

( 1 ) Seme n  Data 

See T able s 4.1 to 4.7 and Figures 4.1  and 4.2 . 

(� - Olfactory bulbe ctomi z e d  ram3 appeared t o  show normal 

be havi oural responses ,  with no impairment of ability to  serve the 

artificial vagina. ) 

Seme n from all groups of rams tended to display s imilar 

change s in character is t i c s  to those rec orded from the N. Z .  Romney 

rams in Experiment 3.  Again e jaculate v olume and fruct ose leve ls 

displayed a seasonal i nc re ase during autumn, wh i le mot il ity, percentage 

mot ile spermat oz oa and percentage m orphologic ally normal spermatozoa 

de c li ne d  i n  the firs t s ix months and never  regaine d  t he ir March 1 972 

leve ls .  Estimates of spermatozoal numbers i n  seme n aisplayed errat ic 

change s ,  total numbers of spermatozoa per e jaculate be ing part ic ularly 

variable , showing a double peak during the summer months ( November 

1. 972 to  April 1 973 ) and ris ing again i n  Jur..e 1 973 . Apart from a 

slight fall i n  May 1 972 , percentages of unstained spermatozoa showed 

little evidence of cha nge throughout the experiment ( C ontrasts 1 -7, 

Table 4.6 and Contrasts 1 -9, Table 4.7 ) .  

Signific ant res ults i n  Contrast 6 (Table 4. 6 )  for e jaculate 

volume , spermatozoa per ml, spermatozoa pe r e jaculate , and in 

C ontrast 8 (Table 4.7 )  for total e jaculate fructose c onte nt ,  c ould be 

attributed to changing the seme n  c olle ction method from artificial 

va gi na t o  e le ctro-e jaculat i on. On the other hand the s ignificant 

results for mot ility indices , and percentages of motile and 



Tab l e  4 . 1  

·Mean mot i l ity indices  ( scale  0-4 ) and mean perc entages of mot i le spermatozoa rec orded from s emen c o l l e cted in  
Experiment 4 .  

Moti l ity index % Mot i l e  spermatozoa 

BulbX/ BulbX/ 
Period Controls  BulbX Gangl i onX Gangl ionX Mean Per i od Controls  BulbX Gang l i onX Gang l i onX Mean 

·1 3 . 3  3 . 2 3 . 2 3 . 4  3 . 3  1 6 1 . 3  6 5 . 3  6 3 . 1  69 . 8  64 . 9  

Season 1 2 2 . 6  2 . 7 3 . 1  2 . 6  2 . 8  Season 1 2 49 . 8  5 1  • 9 6 1  . 4  47 . 1  52 . 6  
3 2 . 2  2 . 4 2 . 8  3 .  1 2 . 6 3 37 . 5  40 . 0  5 4 . 2  57 . 5  47 . 3  
4 2 . 2  2 . 3  2 . 5  2 . 0  2 . 2  4 39 . 9  42 . 5  43 . 9  36 . 7  40 . 8  

Mean 2 . 6  2 . 6 2 . 9  2 . 8  2 . 7  Mean 47 . 1  49 . 9  5 5 . 6  5 2 . 8  5 1 . 4  

5 2 . 4  2 .  1 2 . 3  2 . 3  2 . 3  5 44 . 9  42 . 5  43 . 6  44 . 6  43 . 9  

Seas on 2 6 2 . 2 . 2 . 0  2 .  1 2 . 3  2 . 2  Seas on 2 6 40 . 1  32 . 8  3 2 . 8  44 . 6  37 . 6  
7 2 . 1  2 . 6  1 . 8 2 . 4  2 . 2  7 43 . 7  50 . 0  45 .8  5 0 . 6  47 . 5  
8 2 . 2  1 • 8 2 . 0  2 . 9  2 . 2 8 4 5 . 6  3 5 . 8  32 . 7  62 . 7  44 . 2  

Mean 2 . 2 2 .  1 2 .  1 2 . 5  2 . 2 Mean 43 . 6  40 . 3  38 . 7  5 0 . 6  43 . 3  

Seas on 3 9 2 . 6 1 . 9 2 . 7 2 . 7 2 . 5  Seas on 3 9 5 1  . 6  3 8 . 4 5 9 . 2  53 . 7  50 . 7  
1 0  2 . 0  2 . 3  2 . 5  2 . 8  2 . 4  1 0  47 . 4  49 . 4  52 . 5  57 . 2  5 1 . 6  

Mean 2 . 3  2 . 1  2 . 6  2 . 8  2 . 4 Mean 49 . 5  43 . 9  5 5 . 8  5 5 . 4  5 1 . 2  

Overa l l  Mean 2 . 4 2 . 3  2 . 5  2 . 6  Overal l  Mean 4 6 . 2  44 . 9  48 . 9  52 . 4  

� 
.::-
VJ 



Tab l e  4 . 2  

Mean e j aculate vo lumes and mean total fructose  c ontent of e j aculates c o l lected in Experiment 4 .  

Ejaculate vo lume ( ml ) Tota l  ejaculate fructose  c ontent ( mg )  

BulbX/ BulbX/ 
Per i od Contro l s  BulbX Gangl i onX GanglionX Mean Period Controls  BulbX Gangli onX Gangl ionX Mean 

1 0 . 9 8  1 . 1 7  0 . 86 0 . 92 0 . 98 1 5 . 5 3 5 . 5 1 4 . 62 5 . 70 5 . 3 4 

Season 1 2 0 . 72 1 • 26 0 . 6 1  0 . 98 0 . 89 Seas on 1 2 3 . 1  8 4 . 1 4  1 . 86 4 . 48 3 . 42 
3 0 . 54 1 . 05 0 . 57 0 . 60 0 . 69 3 1 . 86 1 . 83 1 . 26  1 . 1 4  1 . 52  
4 0 . 56 0 . 68 0 . 64 0 . 93 0 . 70 4 1 . 27 0 . 74 0 . 93 2 . 5 3 1 . 37 

Mean 0 . 70 1 . 04 0 . 67 0 . 85 0 . 8 1 Mean 2 . 96 3 . 05 2 . 1 6  3 . 46 2 . 9 1  

5 1 . 1  0 0 . 93 1 . 37 1 . 22  1 • 1 6 5 3 . 3 3  1 . 34 1 . 9 1  2 . 37 2 . 24 

Seas on 2 6 1 • 1 2  1 . 08 1 • 1 9  1 . so 1 . 3 0  Season 2 6 4 . 26 1 . 82 2 . 00 4 . 54 3 . 1 6  
7 1 . 1 8  1 . 23 1 . 27 1 . 56 1 . 3 1 7 3 . 05 5 . 03 2 . 1 5  4 . 3 5  3 . 64 
8 1 . 5 5  1 . 54 1 . 88 1 . 68 1 . 66 8 1 1  • 57 7 . 75  6 . 36  1 2 . 6 1  9 . 57 

Mean 1 . 2 3  hl2 1 . 42 1 .  56 1 • 3 5 Mean 5 . 5 5 3 . 98 3 . 1  0 5 . 96 4 . 6 5  

Seas on 3 9 1 . 56 0 . 94 .  1 . 1 7  1 . 47 1 • 28 Seas on 3 9 9 . 6 5  5 . 88 5 . 96 7 . 04 7 . 1  3 
1 0  1 . 28  1 .  78 1 . 4 1  1 • 56 1 .  5 1 1 0  7 . 3 5  4 . 26 4 . 0 1 4 . 84 5 . 1 2  

Mean 1 .42 1 . 36 1 . 29  .L2l 1 . 39 Mean 8 . 50 5 . 07 4 . 98 5 . 94  6 . 1 2 

Overal l  Mean 1 . 06 1 . 1 7  1 . 1 0  1 . 27 Overa l l  Mean 5 .  1 1  3 . 83 3 . 1 1 4 . 96 

� 
-l=" 
-l=" 



Table  4 . 3 

Mean c onc entrati ons of  fructose  in semen and in s eminal plasma of e jaculates c o l lected in Exper iment 4 .  

Seminal fructose  c onc entrat ion ( mg/m l ) Seminal plasma fructose  c ouc entration ( mg/ml ) 

BulbX/ BulbX/ 
Per i od Controls  BulbX Gangl i onX Gangl i onX Mean Period Controls  BulbX Gang l i onX Gangl ionX Mean 

1 5 . 76 4 . 20 5 . 63 5 . 97 5 . 39  1 7 . 26 5 . 75  7 . 28 6 . 94 6 . 8 1  

Seas on 1 2 4 . 3 1  3 . 64 2 . 98 4 . 3 5  3 . 82 Seas on 1 2 5 . 26 4 . 99 3 . 85  5 . 42 4 . 88 
3 3 . 47 1 . 42 2 . 1 9  1 . 3 5  2 . 1 1 3 4 . 04 1 . 81  2 . 59 1 • 58  2 ,  5 1  
4 2 . 57 1 • 1 6  1 . 6 1  2 . 02 1 . 84 4 2 . 99 1 . 42 2 . 3 3  2 . 9 5  2 . 42 

Mean 4 . 02 2 . 60 3 . 1 0  3 . 42 3 . 29 Mean 4 . 88 3 . 49 4 . 0 1  4 . 2 2  4 . 1 5 

5 2 . 68 1 . 38  1 . 43 1 . 9 1  1 . 85  5 3 . 00 1 . 62 1 . 80 2 . 1 4  2 . 1 4  

Season 2 6 2 . 90 1 . 45  1 • 57 2 . 4 1  2 . 08 Seas on 2 6 3 . 62 1 • 83 1 .  96 3 . 1 6  2 . 64 
7 2 . 26 2 . 1 9  1 .  76 2 . 92  2 . 28 7 3 . 24 6 . 1 9  2 . 04 3 . 1 9  3 . 66 
8 7 . 24 5 . 27 3 . 89 7 . 46 5 . 96 8 8 . 36 6 . 40 4 . 48 9 . 1 5  7 . 1 0  

Mean 3 . 77 2 . 57 2 . 1 6  3 . 67 3 . 04 Mean 4 . 5 5 4 . 01 2 . 57 4 . 4 1 3 . 88 

Season 3 9 6 . 1 2  4 . 84 5 . 6 5  4 . 56 5 . 29 Seas on 3 9 7 . 1 7  5 . 4 1  6 . 63 6 . 1 6  6 . 34 
1 0  5 . 3 1  2 o 64 3 . 34  3 . 1 5  3 . 6 1  1 0  6 . 37 3 . 44 4 . 1 3  4 . 38 4 . 58 

Mean 5 .  71  3 . 74 4 . 49 3 . 85 4 . 45 Mean 6 . 77 4 . 42 5 . 38 5 . 27 5 . 46 

Overa l l  Mean 4 . 26 2 . 82 3 . 0 1  3 . 6 1  Overa l l  Mean 5 . 1 3  3 . 89 3 .  71 4 .  5 1  

� 
� 
\J1 



Tab le 4 . 4  

Mean c onc entrat ions o f  spermatozoa/ml and mean numbers  o f  s permatoz oa/e j aculate i n  s emen c o l lec ted in Exper iment 4 .  

9 Spermatoz oa/ml  ( x1 0 ) Spermatozoa/e jaculate ( x1 09 ) 

BulbX/ BulbX/ 
Per i od Controls  BulbX Gangl ionX Gangl i onX Mean Period Contr o l s  BulbX Gangl i onX Gangl i onX Mean 

1 3 . 3 5  3 . 00 3 . 84 2 . 47 3 . 1 6  1 3 . 09 3 . 26 3 . 30  2 . 2 1  2 . 96 

Seas on 1 2 3 . 08 4 . 1 9  3 . 54 3 . 1 5 3 . 49 Season 1 2 2 . 2 5  5 . 5 5  2 . 23 3 . 02 3 . 26 
3 2 .  5 1  2 . 94  2 . 40 2 . 70 2 . 64 3 1 • 30  3 . 39 1 . 38  1 .  54  1 . 90 
4 2 . 53 2 . 83 4 . 77 2 . 57 3 . 1 8  4 1 . 5 0  2 .  0 1  3 . 24 3 . 77 2 . 63 

Mean 2 . 86 3 . 24 3 . 63 2 .  72 3 .  1 1  Mean 2 . 03 3 . 5 5 2 . 5 3 2 . 63 2 . 68 

5 1 . 40 1 .  7 5  2 . 47 1 . 42 1 .  76 5 1 . 84 1 . 84 3 . 64 2 . 46 2 . 44 

Season 2 6 1 . 67 1 . 6 5  2 . 9 5  3 . 5 2 2 . 45  Season 2 6 2 . 79 2 .64  3 . 9 1  7 . 53 4 . 22 
7 0 . 86 0 . 68 2 . 1 6  1 . 29 1 . 2 5  7 1 . 27 0 . 80 3 . 20  2 . 05  1 . 83 
8 2 . 1 2  2 .6 0  1 . 92  2 . 84 2 . 37 8 3 . 36  4 . 94 5 . 29 .  4 . 80 4 . 60 

Mean h2.l. 1 . 67 2 . 37 2 . 26 1 • 9 5  Mean 2 . 3 1  2 . 5 5 4 . 0 1  4 . 2 1  3 . 27 

Seas on 3 9 2 . 03 . 1 • 52  2 . 39 3 . 9 5  2 . 47 Seas on 3 9 4 . 1 5 1 . 43 3 . 3 5  5 . 96 3 . 72 
1 0  1 . 74 3 . 72 2 . 86 4 . 27 3 . 1 5  1 0  2 . 60 7 . 64 4 . 03 7 . 1 2  5 . 3 5  

Mean 1 . 88 2 . 62 2 . 62 4 .  1 1  2 . 8 1  Mean 3 . 37 4 . 5 3 3 . 69 6 . 54 4 . 53 

Overa l l  Mean 2 . 1 3  2 . 49 2 . 93  2 ., 82 Overal l  Mean 2 . 42 3 . 3 5  3 . 36 4 . 05  

--" 
� 
0'\ 



Tab le  4 . 5  

Mean perc entages o f  unstained and morpho logically normal spermatozoa in s emen c o l lected in Experiment 4 .  

% Unstained spermatozoa % Morpho logically normal spermatozoa 

BulbX/ BulbX 
Period Controls  BulbX Gangl i onX Gang l i onX Mean Period Contro ls  BulbX Gangl i onX Gangli onX He an 

1 76 . 4  76 . 6  7 5 . 2  89 . 0  79 . 3  1 88 . 0  86 . 5  74 . 8  8 5 . 6 83 . 7  

Seas on 1 2 62 . 7  6 5 . 7  7 5 . 6  60 . 6  66 . 2  �eas on 1 
2 72 . 0  75 . 1  64 . 9  7 5 . 4 7 1 . 8  

3 72 . 4 68 . 0  73 . 3 8 1  • 7 73 . 8 3 66 . 3  77 . 0  67 . 7  78 . 0  72 . 2  
4 70 . 3  78 . 7  70 . 8  67 . 3  7 1 . 8 4 67 . 2  8 1 . 8  72 . 6  80 . 0  7 5 . 4  

Mean 70 . 4  72 . 2  73 . 7  74 . 6  72 . 8  Mean 73 . 4  80 . 1  70 . 0  79 . 8  75 . 8  

5 81 . 9  66 . 8  68 . 1  77 . 5  73 . 6  5 70 . 6  77 . 5  60 . 0  7 1 .7  70 . 0  

Season 2 6 73 . 5  66 . 9  73 . 4 79 . 4 73 . 3  Seas on 2 6 60 . 1  63 . 0  47 . 8  67 . 0  59 . 5  
7 88 . 3  77 . 5 69 . 3  72 . 0 76 . 8 7 76 . 7  63 . 5  44 . 8  5 4 , 2  59 . 8  
8 7 5 . 2  67 . 5  5 1 . 8 78 . 0 68 . 1  8 53 . 9  48 . 8  2 5 . 7  54 . 5  45 . 7  

Mean 79 . 7  69 . 7  6 5 . 6  76 . 7  73 . 0  He an 6 5 . 3 63 . 2  44 . 6  6 1 . 8 5 8 . 8  

Seas on 3 9 7 5 . 7 66 . 5 79 . 6 73 . 2 73 . 8  Seas on 3 9 68 . 7  55 . 2  66 . 7 5 8 . 5 . 62 . 3  
1 0 68 . 9  67 . 4  70 . 5 6 5 . 2  68 . 0  1 0  62 . 0  60 . 4  60 . 2  5 5 . 4 59 . 5  

Mean 72 . 3  67 . 0  7 5 . 1  69 . 2  70 . 9  Mean 6 5 . 4  57 . 8 63 . 4  57 . 0  60 . 9  

Overa l l  Mean 74 . 5  70 . 2  70 . 8  74 . 4  Overa l l  Mean 68 . 6  68 . 9  5 8 . 5  6 8 . 0· 

� 
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Tab le  4 . 6  

Experiment 4 · : Summary of  Analys e s  of Var ianc e  for Semen Data . 

Sour c e  of  Variat i on Contrast  No . D . F .  Var ianc e  Rat ios 2. 

MAIN EFFECTS 

A .  SEASONS 
Seas on 1 - Linear 

" 1 1  - Cubi c  
Seas on 2 - Linear 

" " - Cub i c  
Seas on 3 - Linear 
Season 1 vs Seas ons 2 & 3 
Seas on 2 vs Seas on 3 
Non s i gnificant c ontrasts  

B .  SURGICAL TREATMENTS I 
C � BX, GX, BX/GX 
BX, GX � BX/GX 
BX VS GX 

INTERACTION (AxB ) 
Sea s on 3 - Linear x Contrast 8 
( Seas ons 1 vs 2 & 3 ) x Contrast  8 
Seas on 1 - Cub ic  x Contras t 9 
Seas on 2 - Quadratic  x Contrast  9 

11 1 1  - Cubi c  x "Contrast  9 
( S eas ons 1 vs 2 & 3 ) x Contrast  9 
( Seasons 2 vs 3 )  x Contrast  9 
Sea s on 2 - Linear x Contrast 1 0  
Non s ignificant c ontrasts  

Res idua l Mean Square 

1 
2 
3 
4 
5 
6 
7 

8 
9 

1 0  

1 1  
1 2  
1 3  
1 4  
1 5  
1 6  
1.7 
1 8  

9 

3 

27 

1 
1 
1 
1 

1 
1 
2 

1 
1 

1 
1 

1 9  

1 20 

Vo lume 

6 . 3 5 *  
0 . 1 1 

1 1 . 74*** 
1 . 1 3  
2 . 47 

74 . 44*** 
0 . 3 0  
1 • 1 1  

3 . 5 3  
3 . 45  
0 . 38 

5 . 44* 
0 . 1  5 
0 . 0 1  
3 . 52 
0 . 70 
0 . 64 
0 . 1 1 
0 . 04 
0 . 68 

0 . 1 5 

Not i l i ty 

32 . 97*** 
0 . 92 
0 . 03 
0 . 08 
0 . 03 

. 26 . 98*** 
2 . 80 
0 . 1 8 

1 . 74 
5 . 1 3* 
1 .  5 1  

4 . 1 5* 
1 . 06 
4 . 54* 
0 . 5 9 
0 . 33 
4 . 48* 
o . oo 
0 . 1 4  
0 . 78 

0 . 2 5 

% Mot i l e  

26 . 5 6*** 
0 . 03 
0 . 38 
2 . 73 
0 . 37 
6 . 1 5* 
6 . 52*  
0 . 84 

0 . 9 2  
5 . 47* 
1 . 63 

0 . 9 1  
1 . 41  
3 . 90  
0 . 56 
1 . 47 
3 . 1 2  
0 . 4 5  
0 . 04 
0 . 56 

1 73 . 1 9  

( Key 1 ,  Surgical Treatments : C = Contro ls ; BX = BulbX ; GX = GanglionX ; BX/GX = BulbX/Gangl i onX ) 

Sperm . /ml  Sperm . /e jac . 

4 . 33*  
4 . 1 6* 
1 .  70 
1 . 62 
3 .79 
9 . 02** 
5 . 9 3 *  
0 . 03 

9 . 80** 
0 . 1 0  
1 . 62 

3 . 1 4  
4 . 62* 
0 . 00 

1 2 . 72*** 
0 . 07 
4 . 2 5*  
7 . 0 1 ** 
5 . 5 8* 
0 . 77 

1 • 30 

1 • 1 3  
2 . 76 
2 . 60 

1 3 . 27*** 
4 . 94* 
8 . 27** 
6 . 28* 
0 . 49 

9 . 87** 
2 . 57 
o . oo 

7 . 73** 
0 . 6 1  
0 . 02 
2 . 99 
4 . 0 5 *  
3 . 98* 
1 . 63 
0 . 1 3  
0 . 79 

4 . 76 

( Key 2 ,  Semen Parameters : Vo lume = e jaculate volume ; Mot i l i ty = mot i l ity index ;  % Moti le = perc entage of motile  
spermatozoa ; Sperm . /ml = c onc entration of spermatoz oa/ml ; Sperm . /ejac . = number o f  s permatoz oa/e jaculate ) 

-lo 
-+=-CO 



Experiment 4 : 

Source  or  Var iation 

MAIN EFFECTS 

A .  SEASONS 
Seas on 1 - Linear 

t l  t t  - Quadratic  
''  11 - Cubic  

Season  2 - Linear 
t l  t l  - Quadratic  
tl  tl  - Cubic  

Seas on 3 - Linear 
Seas on 1 � Seas ons 2 & 3 
Seas on 2 vs Seas on 3 

B .  SURGI CAL TREATMENTS I! 
C � BX , GX , BX/GX 
BX, GX � BX/GX 
BX vs GX 

INTERACTION (AxB ) 
( Seas ons 1 � 2 & 3 )  . x  C ontrast 1 0  
Seas on 1 - Cubi c  x C ontrast  1 1  
Non s ignificant c ontrasts 

Res idual Mean Square 

Tabl e  4 .1, 

Summary of  Analyses  of  Var ianc e for  Semen Data . 

C ontrast No . D . F .  Varianc e Ratios  1_ 
Fr . Cone . Fr . Cont . S . P .  Fr . % Unsta ined 

Cone . 

9 
1 1 3 1 . 22*** 2 0 . 1 9*** 3 7 . 6 1 *** 1 • 5 1  
2 1 1 • 23  1 . oo 2 . 08 4 . 8 5*  
3 1 0 . 30 0 . 08 0 . 94 4 . 27* 
4 1 3 1  . 1 6*** 51 . 24*** 36 . 1 4*** 1 . 08 
5 1 1 3 . 3 6*** 1 6 . 49*** 8 . 97** 1 • 93 
6 1 2 . 36 4 . 63* 1 . 04 1 . 30 
7 1 6 . 33 *  5 . 02* 5 . 1 4* 0 . 5 5  
8 1 0 . 27 2 1  . 07*** 0 . 23 0 . 06 
9 1 1 0 . 49** 6 . 26* 1 0 . 9 5** 0 . 94 

3 
1 0  1 1 1 . 9 1 *** 7 . 07** 8 . 68** 1 • 91 
1 1  1 3 . 79 9 . 41 ** 3 . 08 2 . 98  
1 2  1 o . 3 3  0 . 46 o . oo 0 . 03 

27 
1 3  1 0 . 09 4 . 1 7* 0 . 03 6 . 98** 
1 4  1 0 . 09 0 0 2 1  0 . 22 5 o 59*  

2 5  0 . 43 0 . 54 0 . 5 5  0 . 82 

1 20 3 . 73 7 . 1 2  5 . 00 1 2 1 . 27 

( Key 1 ,  Surgical  Treatments : C = Contro ls ; BX = BulbX ; GX = Gangl i onX ; BX/GX = BulbX/Gangl ionX ) 

% Normal 

1 . 88 
4 . 45 *  
0 . 07 

1 7 . 59*** 

o . o6 
0 . 8 5  
o . oo 

42 . 60*** 
0 . 3 3  

1 . 40 
1 • 9 5  
7 . 97** 

3 . 26  
0 . 1 3  
0 . 45 

237 e42 

(Key 2 ,  Semen Parameters : Fr . Cone . = fructose  c onc entration of s emen ; Fr . Cont . = total e j aculate fruc tose  c ontent ; 
S . P .  Fr . Cone . = fructose  c onc e ntrat i on of  s emina l  plasma ; % Unstained = perc entage of unstained spermatozoa ; 
% Normal = perc entage of  morpho l ogica l ly normal spermatozoa ) 
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morphologically normal spermatozoa, were the result of the ir decline 

from the March 1 972 leve ls , as me nt ioned above . 

During the months from Septe mber 1 972 to  March 1 973 , seme n  

from the control rams had higher perce nta@es of unstaired spermatozoa 

than that from operated animals ( Contrast 1 3 , Table 4. 7 ) .  Semen 

from the double-operated group ( BulbX/GanglionX) had higher motility 

indices,  perce nta�s of motile spermatozoa, and seminal fruct ose 

contents , than that from both the BulbX and GanglionX groups , while 

the GanglionX group produced semen with the lowest mean perce ntages 

of morphologically normal spermatozoa of all four groups ( C ontrast 9, 

Table 4.6 and Contrast s  1 1  and 1 2 , Table 4 .  7 ) .  

Also ,  semen from the Bulb�GanglionX group displayed much 

greater oscillations in mean indices of motility ( Contrast 1 3 , Table 

4 . 6 )  and percentages of unstained s permatoz oa ( Contrast 1 1  .. , Table 

4. 7 )  during Seas on 1 than did semen from the other groups of rams , 

especially that from the two single-operation groups . 

E jaculates from the three surgically treated groups had higher 

mean spermatozoal numbers and lower mean fructose levels than those 

from the control rams ( Contrast 8, Table 4. 6 and Contrast 1 0, Table 

4. 7 ) .  Both BulbX and GanglionX rams produced semen with higher mean 

c oncentrations of spermatozoa in the period from March to  September 

1 972 , than did the control or BulbX/GanglionX rams ( Contrasts 1 6  and 

1 7, Table 4. 6 ) .  While the control rams produced seme n  with 

declining e jaculate volumes,  spermatozoa per e jaculate and indices of 

motility during April, May and June 1 973 , that froin surgically 

treated groups displayed an increase in e jaculate volume and 

spermatozoa per e jaculate , and little change (a s light increase in the 

case of BulbX/GanglionX rams ) in indices  of motility, over the same 

period (Contrast 1 1 , Table 4.6 ) .  

(2 ) Plasma Hormone Levels 
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{ a ) lli• See Tables 4.8,  4 . 9  and .T!'igure 1+- . 3 •  

The o nly c le ar- cut seas onal e ffects re c orded for all groups 

v1ere a general increase in plasma LH c o nce ntrations in the period 

from July 1 972 t o  December 1 972 ( C o ntrast 2 ) ,  fo llowed by a de cline 

betwee n January and June 1 973 (C ontrast 3 ) .  H owever, rams from all 

the s urgically treate d  groups te nded t o  display irre gular, rather than 

seasonal, changes in plasma LH leve ls . This irre gulari�y was 

i ndicated by the fact tllat c omplex i nteraction c ontras ts ( C ontras ts 

1 0, 1 1 ,  1 2  am 1 3 ) were s ignific ant , but c o ntras ts t e s t ing line ar 

c ompone nts of the main e ffe cts in Se as ons 1 and 2 were non-s ignificant ; 

the latter s hould have be e n  s i gnificant if seas o nal changes occ urre d .  

Overall, the c ontrol rams had lower me an plasma LH leve ls than 

those which had undergone s urge� ( C o ntrast 6 ) .  

(b ) Tes tosterone . Se e Tables 4.8, 4 . 9  and Figure 4.4. 

All groups displaye d a s e as onal pattern of plasma testos terone 

leve ls w ith e levate d value s i n  January, Febr� and March 1 973 

( Contras ts 1 and 3 ) . As i n  Experime nt 3 ,  there was evide nce t hat 

t here had bee n  a pe ak of te s t o s terone s e cre t io n  in January and February 

1 972 ; this was indic ate d by t he fall in plasma concentrat:i.ons during 

the first thre e months of the experime nt .  

C ontrast 9 was the only c o ntras t ,  te s ting the e ffe cts of 

surgical treatment s , which was s tat ist ically s ignificant .  T his result 

indicated that in the period from March until June 1 972 , t e s t osterone 

leve ls fe ll more markedly in the group of rams s ubje cted t o  b oth 

operations ,  than the me an res ult from the �vo groups of rams which 

had had only one s urgical tre atme nt .  

( c ) Prolact in. See Table s 4.1 0, 4. 1 1 and Figure 4.5. 

Overall mean plasma prolac t i n  leve ls , calculated from all four 

groups of rams , indic ated that le ve ls were e levated in the s ummer 

months and diminishe d during the winter ( C o ntrasts 1 ,  2 ,  4 and 6 ) .  



Table 4 . 8  

Mean plasma LH and testosterone c onc entrations rec orded from rams i n  Experiment 4 .  
(Values pre s ented are 1 00 log1 0 (x + 1 . 1 ) ,  where  X i s  hormone c onc entration in ng/ml . ) 

Lut e iniz ing Hormone Testosterone 

BulbX/ BulbX/ 
Period Controls  BulbX Gangl ionX Gangl ionX Mean Peri od Controls  BulbX Gangl ionX Gangl ionX Mean 

1 4 . 7  1 5 . 5  9 . 8 28 . 4  1 7 . 1  1 77 . 4  64 . 9  78 . 7  74 . 1  73 . 8  
2 1 2 . 6  37 . 7  20 . 1  2 1  • 1 22 . 9  Season 1 

2 79 . 1  67 . 2  38 . 1  9 1 . 4  68 . 9  S eason 1 3 1 0 . 1  20 . 2  24 . 3  1 2 . 9  1 6 . 9  3 3 0 . 8  3 5 . 0  23 . 3  1 8 . 5  26 . 9  
4 7 .  5 7 . 6 9 . 2  1 7 . 9  1 0 . 5  4 53 . 0  3 4 . 4  77 . 4  3 3 . 8  49 . 6  

Mean 1 1 . 2 20 . 2  1 5 .  8 20 . 1 1 6 . 8  Mean 60 . 1  50 . 4  5 4 . 4  54 . 4  5 4 . 8  

5 1 3 . 9  24 . 7  27 . 8  24 . 8  22 . 8  5 45 . 9  36 . 3  56 . 5  45 . 1  4 5 . 9  
6 1 5 . 1  3 0 . 0  43 . 1  22 . 3  27 . 6  6 46 . 8  42 . 7  58 . 5  48 . 0  49 . 0  

Season 2 7 1 1  • 5 3 2 . 4  44 . 9  25 . 6  28 . 6  Seas on 2 7 54 . 0  52 . 8  45 . 3  37 . 5  47 . 4 
8 1 3 . 4 38 . 5  3 5 . 8  40 . 0  3 1 . 9  8 42 . 6  86 . 3  74 . 7  7 1 . 5  68 . 8  
9 2 3 . 3  29 . 4  5 0 . 7  37 . 2  3 5 . 1  9 44 . 9  46 . 5 5 0 . 8  62 . 4  5 1  • 1 

1 0  9 . 9 1 4 . 0  4 1  • 1 22 . 9  22 . 0  1 0  37 . 6  3 3 . 7  82 . 0  4 3 . 6  49 . 2  

Mean 1 4 . 5  28 . 2  40 . 6  2 8 . 8  28 . 0  Mean 45 . 3  49 . 7  6 1 . 3  5 1  • 3 5 1 . 9  

1 1  29 . 0  38 . 8  3 5 . 0  3 0 . 1  33 . 2  1 1  65 . 9  64 . 3  85 . 5  70 . 6  7 1  . 6  
1 2  24 . 6  42 . 5  44 . 1  37 . 7  37 . 2  1 2  93 . 0  92 . 0  1 02 . 3  94 . 2  9 5 . 4  
1 3  2 0 . 0  39 . 6  23 . 3  22 . 0  26 . 2  1 3 82 . 3  48 . 3  34 . 0  4 1 . 6  5 1 . 5  

Season 3 1 4  1 7 . 8  1 2 . 9 27 . 9  26 . 3  2 1  • 2 Season 3 1 4  77 . 2  63 . 2  86 . 0  70 . 3  74 . 2  
1 5 6 . 4  1 5 . 7  20 . 1  3 1 . 7  1 8 . 5  1 5 38 . 2  45 . 5  38 . 8  68 , 0  47 . 6  
1 6  7 . 1  23 . 5  1 9 . 0  1 2 . 9  1 5 .  6 1 6  30 . 5  1 9 . 8  34 . 0  1 4 . 7  2 4 . 7  
1 7 4 . 9  28 . 7  24 . 5  2 5 . 1  20 . 8  1 7  1 8 . 2  24 . 1  36 . 9  48 . 3  3 1 . 9  

� 

Mean 1 5 .  7 28 . 8  27 . 7  26 . 5  24 . 7  
\.n 

Mean 57 . 9  5 1 . 0  59 . 7  5 8 . 2  56 . 7  +"" 

Overal l  Mean 1 4 . 2  26 . 6  29 . 4  2 5 . 8  Overa l l  Mean 54 . 0  50 . 4  53 .1 54 . 9  



Table  4 . 9  

Exper iment 4 : Summary o f  Analys es  o f  Varianc e for LH and Testos terone Data . 

Sour c e  of  Variation Contrast  No . D . F .  Varianc e Ratios  

LH Testosterone 

MAIN EFFECTS 

A .  SEASONS 1 6  
Seas on 1 - Linear 1 1 2 . 27 1 2 . 50*** 
Seas on 2 - Quadrat i c  2 1 5 . 46* 1 • 8 1  
Season 3 - Linear 3 1 1 9 . 2 5*** 47 . 76*** 

1 1  1 1  - Cub i c  4 1 3 . 32  3 . 86* 
Seas on 1 � Seas ons 2 & 3 5 1 1 8 . 69** 0 . 0 1 
Non s i gnificant c ontrasts 6 1 . 99 1 .  57 

B .  SURGICAL TREATMENTS 3 
Controls  vs BulbX, Gangl ionX, BulbX/Gangl ionX 6 1 50 . 58*** 0 . 05 
BulbX, Gangl i onX vs BulbX/Gangl i onX 7 1 0 . 93 0 . 00 
BulbX vs Gangl i onX 8 1 0 . 99 2 . 4 3  

INTERACTION (AxB ) 48 
Season 1 - Linear x Contrast 7 9 1 2 . 57 5 . 23*  

11  11 - Quadrati c  x Contrast 7 1 0  1 5 . 05* 1 .  77 
Season 2 - Cubic  x Contras� 7 1 1  1 5 . 58* 3 . 84 

11  1 1  - Cub i c  x Contrast 8 1 2  1 6 . 85*  0 . 49 
( Seas on 3 � Season 2 ) x Contrast 8 1 3  1 4 . 1 5* 0 . 05 
Non s ignif icant c ontrasts 28 0 . 7 1 0 . 8 1 

Res idual Mean Square 204 2 1 3 . 06 772 . 65 

� 
\Jl \J1 
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Period 

1 
2 

Seas on 1 3 
4 
5 
6 

Mean 

7 
8 

Seas on 2 9 
1 0  
1 1  
1 2  

Mean 

1 3  

Seas on 3 1 4  
1 5  
1 6  

Mean 

Overall  Mean 

Table  4 . 1 0  

Mean plasma pro lactin c onc entrations rec orded from rams in Experiment 4 .  
( Values presented are 1 00 log1 o (x + 1 . 1 ) , where x is hormone c onc entrati on in ng/ml . )  

BulbX/ 
Controls  BulbX GanglionX Gangl i onX 

1 1 5 . 9  1 3 1 • 4 1 1 8 . 8  1 2 8 . 6  
1 5 5 . 8 1 54 . 6  1 52 .. 2 1 44 . 1  
42 . 1  94 . 2  1 02 . 5 5 5 . 7  
97 . 3  8 1 . 3  1 44 . 7  1 4 1  • 6 

1 03 . 0  94 . 6  1 70 . 7  1 5 9  . o  
92 . 3  9 5 . 6  206 . 1  1 82 . 9  

1 0 1  • 1 1 08 . 6  1 49 . 2  1 3 5 . 3 

1 4 1 . 4  1 1 6 . 9  1 85 . 1  1 97 . 2  
1 43 . 1  1 26 . 0  82 . 6  1 29 . 4 
2 1 3 . 3  2 1 5 . 8 222 . 1  1 87 . 6  
1 73 . 2  1 9 5 . 0 207 . 5  1 89 . 2  
1 8 5 . 0 206 . 8  1 63 . 6 1 5 1  • 9 
1 34 . 7  1 42 . 3 1 0 1 • 2 68 . 0  

1 6 5 . 1  1 67 . 1  1 60 . 3  1 5 3 . 9  

1 64 . 0  1 56 . s 1 62 . 7  1 76 . 6  
1 23 . 1  1 05 . 7 202 . 0  1 83 . o  

59 . 7  2 1 . 7  1 5 4 . 6  1 66 . 6  
89 . 0  52 . 6  1 86 . 6 1 58 . 7  

1 08 . 9 84 . 2  1 76 . 5  1 7 1 . 2  

1 27 . 1  . 1 24 . 4  1 60 . 2  1 5 1  • 2 

Mean 

1 2 3 . 7  
1 5 1  • 7 
73 . 6  

1 1  6 .  2 
1 3 1  • 8 
1 44 . 2  

1 2 3 . 5  

1 60 . 1  
1 20 . 3  
209 . 7  
1 9 1 • 2 
1 76 . 8 
1 1 1  • 5 

1 6 1 . 6  

1 6 5 . 0 
1 5 3 . 4 
1 00 . 6  
1 2 1  • 7 

1 3 5 . 2  

_.. 
\11 
()) 



Tabl e  4 . 1 1  

Experiment 4 Summary of  Analys i s  of Varianc e for  Pro lac tin  Data . 

MAIN EFFECTS 

A .  

B .  

SEASONS 
Seas on 1 - Linear 
Seas on 2 - Quadratic  

" - Cub i c  
Seas on 3 - Linear 

" " - Cub ic  
Seas on 3 vs  Seas on 2 
Non s ignificant c ontrasts 

SURGICAL TREATMENTS 
Controls  � BulbX ,  Gangl i onX , BulbX/Gangl i onX 
BulbX ,  Gangl i onX vs BulbX/Gangl i onX 
Bu lbX vs Gang l i o� 

INTERACTION (AxB ) 
Seas on 1 - Linear x C ontrast 7 
( S eas on 3 vs Seas on 2 )  x Contrast  7 
( S eas ons 1 vs 2 & 3 )  x Contrast 8 
Seas on 1 - Linear x Contrast  9 
Seas on 3 - Linear x C ontrast  9 
( Seas ons 1 vs 2 & 3 )  x C ontrast 9 
( Seas on 3 vs Seas on 2 )  x Contrast  9 
Non s ignificant c ontrasts 

Res idual Mean Square  

Contrast  No . 

1' 
2 
3 
4 
5 
6 

7 
8 
9 

1 0  
1 1  
1 2  
1 3  
1 4  
1 5 
1 6  

D . F .  

1 5 

3 

45  

1 
1 
1 
1 

1 
5 

1 
26 

1 92 

Varianc e Rati o  

7 . 77** 
25 . 97*** 
1 5 . 39*** 
1 2 . 37*** 
4 . 92* 

3 2 . 26*** 
1 . 0 1  

9 . 9 5 ** 
1 .  5 4  

1 5 . 3 8*** 

4 . 47* 
6 . 75*  
6 .  57'* 
8 . 84** 
5 . 00* 

1 2 . 84*** 
5 . 06* 
0 . 9 5  

1 99 1  • 7 1  
� 

\J'l \.0 
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F i g u re 4 . 5  : Sea s o n a l va r i at i on s  i n  p l a sma p ro l act i n  con ce n t ra t i o n s  
C mea n�S . E . )  reco rded f rom Contro l s ,  Bu l bX ,  Gang l i onX a n d  Bu l bX/Ga n g l i o n X  
rams , b etween March 1 9 72 a nd J u ne 1 973 . 
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However, this was a mis leading re s ult as this pat tern of prolactin 

secre t i o n  was s e e n  o nly in the c o ntrol and bulbe ct omiz e d  groups , and 

not in the GanglionX and Bulbx/GanglionX rams . I ns te ad plas ma 

prolac t i n  le ve ls re c orde d from t he latter two groups of rams s h owe d 

irre gular os c illat i o ns , with pe ak leve ls i n  Augus t-Se ptember 1 972 , 

November-De cember 1 972 , and Marc h-May 1 973, and low leve ls in Oc t ober 

1 972 and Fe bruar,y 1 973 . 

The osc illat i o�� in plasma prolactin lev e ls in the Gangli onX 

and BulbX/Gangli onX groups contribute d t o  the fact that these animals 

had higher overall mean prolactin le ve ls than t he other two groups of 

rams ( C ontras ts 7 a nd 9 ) .  They als o  ac c o unte d for mos t of the 

s ignificant interac t io n  c ontras t s ( C ontras ts 1 0-1 6 ) ,  as we ll as the 

s ignific ant c ubic c ompone nts of t he S e as o ns  main effe c t  (C ontras t s  3 

and 5 ) .  

( 3 )  Aut opsy Data 

S e e  Table s 4.1 2 to 4. 1 4  and Figure 4.6 . 

At autopsy the BulbX/GanglionX group had highe r  rr.e an tes t icular 

and e pididymal we ights t han the BulbX a nd GanglionX groups . Als o, 

GanglionX rams had h igher mean s e m iniferous t ubule diame ters than BulbX 

r.ams . On the othe r  hand, the c ontrol rams had highe r me an sem inal v e -

s i c u lar fructose c o nt e nts and c onc e ntrati ons , than did rams in the 

s urgically tre ate d groups . 

Autopsy data pertaining t o  the pine al g land s howed that the 

GanglionX and Bulbx/GanglionX groups had s ignificantly lower 

hydroxyindole-0-me t hyl trans ferase ac t iv ities ( Figure 4. 6 ) ,  and higher 

cell nuc le ar de ns it ies , t han t he c ontrol and BulbX groups . C onvers e ly, 

s ubjective histological examinat ion of pine al gland s e c t i o ns  did not 

reveal any s ubs tant ive evide nce for a reduc t i o n  in the amount of 

silver-staining mat e rial in crania l c e rvical ganglione c t om i z e d  rams 

( i . e . GanglionX and Bulbx/GanglionX rams ) . T hus it was not pos s ible 



C ontrols  

Bulb X 

Gangl i onX 

BulbX/ 
Gangl i onX 

Controls  

BulbX 

Gangl ionX 

BulbX/ 
GanglionX 

Tab le 4 . 1 2 

Data (means* ± S .E . ) c ol lec ted f o l lowing aut opsy of rams ut i l ized  in  Exper iment 4 .  

Body 'Testicular 
we ights weights 

( Kg )  ( g )  

7 1 . 4±3 . 4  1 88 . 9±1 4 . 0  

62 . 5+1 . 0  1 66 . 2+1 6 . 2 • 

60 . 2.±7 . 4  226 . 3.±1 6 . 9 

6 0 . 9.±4 . 2  287 . 6±2 4 . 0  

Seminal ves icular fructose  
Total c ontent Conc entration 

( mg )  (mg/g ) 

36 . 2±7 . 5  443 . 2.± 5 5 . 6 

1 1 . 0+0 . 2  1 71 • 4± 1 6 . 5  

1 6 . 9.±8 . 4  29 1 . 7_±1 30 o7  

1 0 . 2.±2 . 6  1 65 . 8± 29 . 0  

Seminiferous Epididymal Epid idyma l Ampul lar 
tubule  

d iameters 
( pm )  

1 58 .4.±5 . 5  

1 43 . 8+5 . 8  

1 78 .  1.±9 . o  

1 73 . 2±4 . 2  

Thyroid 
we ights 

( g )  

5 . 52_±0 . 53 

4 . 07_±0 . 1 8  

5 . 1 8_±0 . 57 

5 . 56±0 . 29 

we ights spermato z oa l  we ights 
res erves 

( g )  ( x 1 09 ) ( g )  

42 . 6+2 . 5  3 6 . 75+1 3 . 3 5  3 . 73_±0 . 30 

4 1 . 6+6 . 5  27 . 75+1 0 . 50 3 .  1 4+0 . 1  0 

37 . 8.±2 . 5  43 . 1 7  + 4 . 1 8  2 . 77.±0 . 26 

49 . 9±2 . 5  60 . 1 9.± 5 . 71  3 . 1 7+0 . 36 

Pituitary 
we ights 

(mg ) 

Pineal 
weights 

( mg )  

Hydroxyindole-0-methyl 
trans ferase act ivity 

( DPM/mg pinea l )  ( DPM/pineal ) 

702 . 2±56 . 3  69 . 1.± 8 . 4  1 2 5 . 0+1 5 . 4 8276+1 076 

781 . 0.±76 . 0  67 . 8.±1 1 . 8 1 26 . 2+1 6 . 4  8750z26o2 

777 . 1.±96 . 6  53 . 8.±1 3 . 3  5 5 . 4_±1 3 . 5  33 1 7.±1 496 

777 . 6.±96 . 3  44 . 8+ 6 . 4  37 . 6.± 2 . 9 1 698+ 285  

Semina l 
ves i cu lar 

we ights 
( g )  

7 . 82.±0 .78  

6 . 46.±0 . 5 1  

5 . 04_±0 . 99 

5 . 84_±0 . 74 

Pineal c e l l  nuc lear 
dens ities  

(No . /s t d .  grid ) 

388 . 3 +22 . 6  

372 .7.±1 1 . 1 

480 . 2_±20 . 2  

41 4 . 6.±22 . 4  

* Where data have been obtained from paired organs , means for each group were bas ed on totals per ram . 

-" 
0\ (\) 



Tabl e  4 . 1 3 

Var ianc e ratios  for c ontrasts in the analys es of varianc e  of data presented in Tab le 4 . 1 2 .  ( D . F .  = 1 , 1 1 )  
Note : Var ianc e rati os re lated t o  pineal g land data are pres ented separate ly in Table  4 . 1 4 .  

Contrast 

Contrast  2 

Contrast 3 

Error Mean Square 

Contrast 1 

Contrast  2 

Contras t 3 

Error Mean Square 

Body 
we ights 

4 . 23  

o . oo 

0 . 08 

80 . 82 

J\mpu l lar 
we ig.hts 

3 . 78 

0 .22 

0 . 36 

0 . 4 5  

Te sticular 
we ights 

3 . 63  

1 3 . 3 5** 

3 . 1 7  

1 367 . 09 

Seminal 
ves icular 

we ights 

4 . 96* 

o . b 1  

0 . 7 1  

2 . 82 

Seminiferous 
tubule  

d iameters 

1 . 02 

2 . 1 7  

9 . 38* 

1 5 1  • 27 

Seminal ves icular fructose  
Total c ontent Conc entrations 

9 . 62* 1 0 . 67** 

1 . 63 0 . 50  

3 . 1 4  0 . 93 

1 99 . 82 1 87 1 8 . 82 

( Fo otnote � Contrast  1 
Contrast  2 
Contrast 3 

Contro l s  � BulbX ,  Gangl i onX, BulbX/Gangl i onX ; 
BulbX, Gangl i onX � BulbX/Gangl i onX ; 
BulbX � Gangl ionX) . 

Epid idymal 
we ights 

0 . 02 

6 . 40* 

0 . 49 

. 3 5 . 27 

Thyroid 
we ights 

1 • 2 1  

1 • 92 

1 • 50  

1 • 01  

Epididymal 
spermatozoal 

res erve s 

0 . 30 

2 . 42 

0 . 5 2 

5 5 1  . 27 

Pituitary 
we ights 

0 . 8 1  

0 . 00 

o . oo 

2491 7 . 09 

_.. 
0'\ \J4 



Tabl e  4 . 1 4  

Variance ratios  for c ontrasts in the analys es  of  varianc e of pineal  g land data pres ented in Tab le  4 . 1 2 .  ( D . F .  = 1 , 1 1 ) 

Contrast  

Contras t  2 

Contrast  3 

Error Mean Square 

( Footnote : Contrast  1 
Contrast 2 
Contrast  3 

Pineal 
we ights 

3 . 29 

0 . 40 

0 . 0 1  

3 57 . 5 5 

Hydroxyindole-0-methyl 
trans ferase act ivity 

(DPM/mg pineal ) ( DPM/pinea l )  

24 . 9 5*** 2 0 . 2 5*** 

0 . 62 0 . 79 

o . oo 0 . 06 

802 . 27 5700225 . 27 

Controls , BulbX � Gangl i onX,  BulbX/Gangl ionX ; 
Contro l s  vs BulbX ; 
Gangl i onX vs BulbX/Gangl ionX) . 

Pineal c e l l  nuc lear 
'dens ities  

6 . 5 5* 

3 . 38  

0 . 1 7  

2 1 83 . 5 5  

� 
0'\ � 
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t o  determine aqy e ffect of ganglionecto� on the numbers of axo ns in 

the pineal glands . 

4. DISCUSSI ON 

1 66 

The seas onal changes in s eme n characteris tics and plasma hormone 

le ve ls re c orde d from the c ontrol N. Z .  Romney rams have be e n  dis c us s e d  

in C hapter I I I  and will not b e  discus s e d  again. This dis cuss ion will 

be c once rned only with results which arose from the s urgical tre atme nts .  

( 1 )  Seme n Data 

Although the s urgical treatme nts altered s ome s eme n parameters 

in c omparis on t o  t he control group, it was difficult t o  cate gorize s uch 

re s ult s as be ing c aused by altered pineal gland function, or altere d  

olfact ory func t io n. This difficulty arose be c ause res ults obtained 

from the BulbX/GanglionX group did not appear to be differe nt from the 

C ontrols by an amount e quivalent to the s um of the effe cts of t he two 

operations s ingly .  Further, it would eve n have bee n  poss ible t o  

conc lude , i n  res pe ct of seminal fruct ose leve ls , that the e ffe cts of 

the double- operat ive treatme nt nearly cance lle d out the effects of the 

two s ingle operati o ns ,  giving value s  nearer those of the Controls . 

There have bee n  no reports in the literature on the e ffe cts of 

these operat ions o n  seme n quality, however Whitte n ( 1 956 )  reporte d  that 

olfactory bulbe ct omy reduced the volume of s e cret ions from the acce s s ory 

glands of mice . Re iter ( 1 973�) pointe d out that pinealectomy in 

lower mammals had bee n notoriously unreliable i n  producing gonadal 

responses . He me nt ioned that anosmia had be e n  des ignated as a " pote nt-

iating factorn which s e ns itized the neural-gonadal axis of rats t o  the 

influe nce of the pineal gland. This c o nc lus ion was based on t he 

finding that anosmia exaggerate d  the nypertrophY of the gonads and 

acce s s ory sex organs which followed blinding of male rats (Re iter, 
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Kle in and Donofrio, 1 969 ) ,  and the hypertrophy of the gonads of 

similar� treated female rats (Reiter and Ellison, 1 970) . The seme n  

data obtained i n  the prese nt stuqy did not enable aqy conclus ive 

comment t o  be made on such statements . 

( 2 )  LH and Testosterone 

Previo\.13 workers havo not be e n  able to demonstrate ariY effects 

of olfactory bulbectomy ( Maule on and Signoret , 1 964) or pinealecto� 

( Roche et al. , 1 970�) on reproductive hormone levels in the ewe . In  

Experime nt 4 all three surgical treatments caused a reduction in the 

regular seasonal changes in plasma LH and testosterone concentratiollil, 

and e levated mean LH levels , compared to those recorded from the 

unoperated control rams . These differences in the seasor�l pattern 

of plasma LH and testosterone secretion were most evident during the 

winter months . 

Cranial cervical ganglionectomy reversed the st)�ulatory 

effects of blinding or darkness on pineal gland activity in rats 

(Wurtman, Axelrod and Fi�cher, 1 964 ) and golde n hamsters (Eichler arrl 

Moore , 1 971 ) • Consequently,  because pineal act ivity caU3ed gonadal 

degeneration in these specie s  (Hoffman and Re iter, 1 965 ; Reiter, 

1 968 ) ,  ganglionectomized rams in the present study might have been 

expected to  displqy higher gonadotrophin levels than the c ontrol rams , 

only during periods of reduced daily photoperiod ( increased  darkness ) .  

In view of the present paucity of knowled@e of olfact ory 

influences on reproduct ion i n  domestic animals , it is difficult to  

acc ount for the effects of  olfactory bulbectomy, which tended to be 

s imilar to the results of ganglionectomy. Blask am Reiter ( 1 975 ) 

found that both blinding and anosmia ( singly or combined) significant ly 

lowered plasma 1H levels in female rats . Their results vrere 

attributed to  impaired release of LH, because the c ombined treatments 

e levated pituitary levels of this hormone .  As t he  effects o f  these 
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surgical treatments were reversed by pinealecto!I{Y', the authors 

c oncluded that the antigonadotrophio capacity of the pineal gland was 

potentiated by the two operations . A s imilar conclus ion could not be 

applied to t he e ffects of olfacto� bulbecto� in Experiment 4, 

because this operation tended to elevate plasma LH levels . 

Plasma LH results from the present experiment indicated that 

the pineal gland in rams may have had an antigonadotrophic function 

which was inhibited by cranial cervical ganglionectomy or olfactory 

bulbectomy. Although plasma testosterone data would have bee n  

expected to support this conclusion with e levated levels i n  surBical� 

treated rams , only non-significant trends were observed, and the 

contrasts tested in the analysis of variance of testosterone data did 

not reveal any notable differences between  the surgically treated and 

control groups of rams . One significant difference ( betwee n the 

rate of decline of plasma testosterone levels during March t o  June 

1 972 , for the single operation groups versus the double-operated 

group) was of doubtful importance because of its low leve l of signifi

cance , and the absence of' a similar e ffect in the same period of 1 973 . 

In summary, the seas onal patterns of secretion of reproductive 

hormones were diminished by cranial cervical ganglionectorey ( by 

modifying pineal activity) or olfact ory bulbecto!I{Y' (by unknown actions 

e ither on pineal function, or on hypothalamic or pituitary function, 

directly) . 

( 3 )  Prolactin 

Ronnekleiv and McCann ( 1 975 ) reported that olfactory bulbectonzy

or cranial cervical ganglionecto!I{Y' lowered serum prolactin levels in 

male rats . They concluded that the pineal gland, or its principles ,  

normal� stimulated the re lease of prolactin from untreate d  c ontrol 

animals, and that this stimulation was induced by olfactory and visual 
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input to the pine a l  gland. Unfortunate ly, all the ir blood aamples 

were obtained during ether anaes the s ia, s o  the effe cts of this stress 

on prolactin re le ase may have been confounded with th8 s urgical 

tre atme nts. As pointed out by the authors , this objection is 

particularly valid since the e ffe ct of ether stress may have be e n  

e ntire ly depe nde nt on the ability o f  a n  aniw.al to  sme ll the anae s the t ic ,  

and this alone m ight ac c o u nt f o r  the lower prolactin leve ls in anosmic 

rats.  

In the present experi:ne nt olfactory bulbe cto�ey did no t cause 

a� change in prolact in levels . However cranial cervical gangli o ne c t o�ey 

induced an elevation of plasma prolac t i n  levels and an almost complete 

loss of the annual seas onal rhythmic fluctuat ions in levels of this 

hormone . It is presumed that the very s imilar re s ults obtair�d from 

rams which had bee n  olfactory bulbe ctomize d as we ll as ganglionectomized, 

was the result of cranial cervical ganglionectol'Il'J alone . 

Goats which had bee n  cranial cervical ganglione c t omiz e d  in the 

winter experienced an e levat ion of the ir plas w� prolac t in leve ls before 

unoperated control animals and had s ignificantly higher le ve ls for 

three s ucces s ive months ; however both groups of goats had s imilar 

midsummer leve ls (H. Buttle , pers onal c ommunication) . Although group 

size was s mall ( n  = 3 ) ,  these  preliminary observations from goats were 

similar to t hose obtained from rams in Experiment 4. 

I f  the pineal gland is an important regulator of prolactin 

release in rams , as it is pres umed t o  be in rats and hamsters (Re iter, 

1 974�) , the n  its major role could be as an inhibitor of prolactin 

secre tion during winter, be cause pineal activity would be greatest 

during the period of shorte ned daily photoperiods (Re iter, 1 974�) . 

Although it c ontrasts with the earlier mentioned conc lus ions of 

Ronnekle iv and McCann ( 1 975 ) ,  the latter  hypothes is was supported by 

the e levated plasma prolactin levels rec orded during winter from 
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cranial cerv ic al ganglione ctomized rams . Furthe r, this re s ult 

indicate d t hat an intact sympathe tic nervoU3 sys tem normally provide s 

the ne ural pathways by which the pineal gland re ce ives stimuli 

ne c e s s ary  for its inhibito� influe nce over prolactin re lease . 

Aut opsy data which showe d that cranial cerv ical ganglionecto� reduce d 

p ine al activ ity, prov ide d further s upp ort for the above 1�pothes is .  

T hU3 the results from ganglione ctomized rams in t he pre s e nt 

s tuqy implicate d the pine al gland as having a major role in re gulat ing 

t he seas onal changes in plasma prolact in leve ls re corded i n  Experime nt 

3 1  and in the photoperiodic control of prolact i n  re lease in rams 

reporte d by Fe lletier ( 1 973 ) .  

(4) Autopsy Data 

C omparison of the res ults for t he semen data with those 

obtained from aut opsy material, he lpe d to clarify the nature of gonadal 

re s ponses t o  the surgical treatments .  T owards the e nd of the 

experiment and at aut opsy, operated rams , in particular those which 

had undergone both operat ions ( BulbX/GanglionX ) , te nde �  to have highe r 

value s for indice s of s pe rmatozoal production t han the c ontrol rams . 

These parameters inc lude d spermat ozoa per e jaculate , spermat oz oal 

c. once ntrat ion and mot ility in seme n, tes t icular and epidiqymal we ight s ,  

and seminiferous tubule diameters . On the other hand, untre ated rams 

had higher me an value s for variable s as soc iated with acce ss ory gland 

function, for example : seminal fruct ose leve ls , seminal ves icular 

we ights , and seminal ve s icular fructose conte nts and c o nce ntrat ions . 

Evidence of a higher leve l of s permato@e nic activity i� 

s urgical� tre ated rams , t o gether with the higher output of LH in the s e  

animals , supporte d the view that the operations s t imulated gonadal 

activity by increasing gonadotrophin se cretion. This finding also 

was c o ns iste nt with the the or.y that c ranial cervical ganglionecto� 

reduced the antigo nadotrophio act ivity of the pineal gland. The 
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e ffe cts of o lfactory bulbe c t oll\Y were unclear, except whe n c omb i ne d  wit h 

cranial cerv ical gangli one cto�, in whic h c as e  it appe are d t o  ampli� 

s om of t he e ffects of the lat ter treatme nt .  

Re duc e d  acc e s s ory g land function i n  the operated rams c orre sponde d  

with lowe re d s e minal ve s icular we ight s and s e cre t ion v olume s rec orded 

from anosmic male mice by Whit te n ( 1 956 ) .  Furthe rmore Sorre nt ino ,  

Re ite r and Schalch ( 1 971 ) suggested t hat olfact ory bulbe c t o� and 

cranial cerv ic al gangli o ne c to� i nterfered with t he nutriti onal s t atus 

and growth h ormone s e cre t ion in rat s .  Such e ffe cts c ould re duce 

acce s s ory gland act ivity. Plas ma te s t osterone data obtaine d  from rams 

i n  Experime nt 4 did not shol'l variat ions which c ould be us e d  i n  

explaining the diffe re nt  leve ls o f  acc e s s ory s e x  gland act iv ity c aus e d  

by the s urgical tre atme nt s .  

Reduce d HI OMr activity of pine al glanfu3 from rams whi c h  had be e n  

cranial cervical ganglione ctomize d provide d  a che ck o n  t he e ffic ie ncy 

o f  the s urge ry ,  as we l l  as confirming the assumpt ion that this 

operat ion would alte r p i ne al func t i o n. Pineal c e ll nuclear de ns ity 

pr ovided an i ndex of ce llular act ivity as it is reduced whe n pineal 

ce lls are active and have large cyt oplasmic v olume s ,  he nce lower 

nuc le ar de ns it ies (Roth, Wurtman and Altsc hule , 1 962 ) .  T he e ffect of 

ganglione c t o� on pine al activ ity als o was indicated by the lowe r  

pine al we ights i n  the ganglione c t omized rams , however the reduc t i o n  i n  

we ights was not stat is t ic ally s ignificant . With the limitat ions in 

the hist ologic al s t aining technique available , it was not poss ible t o  

assess whe t her change s i n  de ns ity o f  pineal ax o ns occ urred as a re s ult 

of ganglionecto�. 

It seeiD3 re as o nable t o  c o nclude that s ince removal of t he c ranial 

cervical ganglia reduc e d  pineal activ i ty the n, in the ram as in the rat 

and golde n haiDBter, the s e  ganglia are an i nte gra l  part of the affere nt 

nerve s upp� t o  the pineal gland. 



( 5 )  General D is cus s ion 

Cranial cervical sympathe c t omy may have had e ffe cts on 

structure s other than the p i ne al gland and the se must be c ons idere d .  

The cranial cervical ganglia are i nv olve d i n  the sympathe t ic 
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aut o nomic control of blood ves s e ls in the head, inc luding thos e 

supplying the pituitary gland and the re s t  of t he brain. Removal of 

the se ganglia has bee n  reported t o  lead t o  a fall in cerebral blood 

volume in mice (Edv i ns s on, Owman and We s t ,  1 971 ) . Thus it may be 

poss ible t o  ascribe all the e ndocr�ne c o�� e que nces of ganglione c t or� 

to alterat ions in rate of pituitary blood flow . C o ns e que ntly, 

definit ive stateme nts about the role of the pineal gland in re gulati ng 

reproduction should be made only after obs erving the e ffe cts of 

p ineale c t omy .  

T he s ignificant res ults which could b e  attribute d to olfac t ory 

bulbe c t o� did not provide much ins ight into the poss ible role of the 

olfactory system i n  t he s e as onality of re product ion. D isruption of 

the se as o nal change s of plasma LH, and to a lesser exte nt ,  of plasma 

tes tos terone leve ls s hown by the BulbX group, le nt s upport to t he 

poss ibility that olfaction could play a part in controlling the ons e t  

of the breeding s e as on. Furthermore , as des truction of the o lfact ory 

bulbs would have disrupte d ne rvous connections from t he vomeronas al 

organ (Alberta, 1 974; Powers and Winans � 1 975 ) ,  it is not pos s ible t o  

dis c ount the idea that the alteration in s e as onal change s o f  plasma LH 

and t e s tosterone s e cre tion re sulte d indire ctly from the loss of the 

v omeronasal c ompone nt of o lfact ion. However, the h ormone and seme n  

data was obtaine d  from only thre e rams , s o  aey conc lus i o ns  must be 

treat e d  with cauti on. 

Neverthe le s s  this experime nt e s t ablished that e nv ironme ntal 

fact ors c ould influe nce the reproductive sys tems of rams via t he ir 

p i ne al glands and o lfac t ory sys tems . T he importance of olfactory 
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s t imuli in s e as onal reproduc t ive c hange s c o uld not be as certain(�d, 

nor was it p o s s ible to as certain the me c hanisms by which s uc h  stimuli 

c ould modi� reproduc t i o n. Howe ver on the othe r hand phot ope r iodic 

s t imuli, which are known t o  c o ntrol annual pho t operiodic cyc le s i n  

d ome s tic animals ( Ortavant , Maule on a nd  T hibault , 1 964) ,  may exert 

the ir influe nce on re produc t i o n  i n  rams by reduc i ng pineal ac t iv i ty 

dur i ng the s umme r months . T his e ffe ct of dai �  photope r i od probab� 

is manifeste d  by the i ncre ase d  se cre t io n  of gonadotrophi ns  at t hi s  

t ime of the y e ar, a s  was s e e n  f o r  plasma LH le ve ls re c orde d in 

Exp e rime nt 3 .  A s imilar explanat i o n  may have acc ounted for t he 

c hange s in plasma pr olactin leve ls i n  unoperate d animals , s o  it would 

have be e n  informative t o  have me as ure d FSH as we ll. Unfortunate ly, 

a s atisfac t ory assay for this hormo ne was not available . 
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C HAPI'ER V 

E FFECTS OF DI FFERE NI' LIGHTING REGIMES ON SEMEN PRODUCTI ON' AND PLASMA 

HORMONE LB."'VELS I N  RAMS 

1 • IN.rRODUCT ION 

The work de s cribe d  in this chapte r was a pre limi� at te mpt t o  

determine the impor-t ance of daily photope r iod as an e nvironme nt al 

fac t or influe nc i ng the se ao onal c hange s i n  plas ma hormone leve ls and 

se o::e n product i o n, de s c ribe d i n  C hapter III .  S imilar studie s 

me ntioned in C hapter I have demonstrate d that s e as onal change s i n  

rep roductive c haracteris t i c s  o f  ram3 c an be s imulated, or s ubs tant ially 

modified, by exposing the m  t o  appropriate art ificial lighting re gime s .  

However, none o f  these studie s have i nv o lve d N. Z .  Romney rams , nor 

have there be e n  aqy previous attempts t o  c ombi ne hormonal and seme n  

pr oduction s t udie s .  

Some of the expe rime nts de s cribe d i n  the lite �cture have 

s imulate d the natural annual cyc le of phot ope riod c hange s . The role 

of these has be e n  studied by altering t he phase of the cyc le , usual� 

in s imple phase reversal/no n-reversal experiments (F owle r, 1 961 ; Moule , 

Brade n and Mat t ne r, 1 966 ) .  On the othe r  hand, " phase-shorte ning" 

e xperime nt s ,  i n  which change s in dai ly phot ope riod e quivale nt t o  the 

annual cycle were c omple t e d  in s ix m o nths , have bee n use d  t o  i nve s t igate 

photoperi odic e ffe cts on ram seme n  produc t ion ( C olas et al. , 1 972 ; 

Jacks on and Wi lliaiD8 , 1 973 ) and plasma prolac t in and LH leve ls 

( Pe llet ier, 1 973 ; Pe lle tier and Ortavant ,  1 975��) . 

I n  this expe riment the natural s e as onal cycle of c hange s i n  

d�light were s imulate d  and the ir e ffects o n  reproduction i n  rams 

c ompare d with t he e ffe cts of a re vers e d  cycle , or a non-c hanging 
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photoperiodic re gime . T he latter regime was i nc lude d aa a c he ck on 

the persistence of re s idual r�thms in reproduc t ive parame ters , in 

the abse nce of c hange s in photic s t imulat ion. 

2 .  MATERIALS AND METHODS 

(1 ) Animals and Experime ntal Proce dure 

Twe lve adult N. Z .  Romney rams we re allocat e d  at random t o  three 

experime ntal groups , each group be i ng s ub je c te d to a differe nt lighting 

re gime . C omme nc ing at the aut umn e qui nox 1 973 , one group c ont inue d o n  

t h e  normal s e as o nal de c line i n  daylight (Normal ) , another expe rie nce d 

an increas ing phot operiodic re gime (Re vers e d) , whilst the third group 

remained on a c o ns tant 1 2  hr light : 1 2  hr dark (Eve n) regime . 

I nformat ion regarding the annual c hange s in daylight was 

obt ained from t he New Ze aland Naut ical Almanac ( 1 972 ) us ing t he s unrise 

and s unset tables for Wanganui ( lat itude 27 minute s N. of Palmerston 

North) . Daily li ghting was take n as the tiJOO be twe e n  sunrise and 

s uns e t ; this varie d i n  a s inuso idal manne r from 9 h 2:1 min m i nimum t o  

1 4- h 40 min maximum. No allowance was made f or twilight . 

C olle c t io n  of blood s ample s in Experime nt 5 c omme nce d i n  March 

1 973 and c onti nue d unt il De cember that year. A programme o f  t w o -we ekly 

s e me n c ollections c omme nce d  at the Jum s o ls t ice and continue d unt il 

the end of the experiment at the Dec e mbe r s o lst ice , 1 973 . 

experiment aut ops ie s  were not performed. 

(2 ) Stat i s t ical Analyses 

I n  t his 

�· I n  e ach c ase be low, c ontrast s  were s e le cted i n  an 

attempt to provide the most meaningful e valuation o f  treatme nt e ffe c ts . 

(a) S e me n  Dat a .  Seme n data we re  poo le d t o  give a s ingle me a n  

e s t imate for e ac h  variable for e very ram, on e ac h  o f  the s ix months 

be twe e n  the June and De cembe r s olst ic e s  ( see Figure 5 .1 ) . Ort hogonal 
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F i g u re 5 . 1 : D i a g r a m  show i ng the cyc l i c  cha n ges i n  d a i l y p hotop e r i od f or 

· the I i g ht i ng reg i mes used i n  E x p e r i men t 5 ,  a n d  the s u b d i v i s i on of t he 

t i me-cou rse of t he e x p e r i ment f or d a ta a n a l y se s . 



Tab le  5 . 1  

Orthogona l  c oeffic ients used in partitioning t ime period effects f or semen data in Experiment 5 .  

Sampl ing t ime - 1 2 3 4 5 6 

Contrast 

Linear -5 -3 -1 +1 +3 +5 

Quadrat ic  +5 -1 -4 -4 -1 +5 

Cubi c  -5 +7 +4 -4 -7 +5 

� 
---J ---J 



Table  5 . 2  

Orthogonal c oeff i c ients used in partitioning t ime period e ffects for  plasma LH and testosterone data i n  Exper iment 5 .  

Period 1 Period 2 

Sampl ing t ime - 1 2 3 4 5 6 7 8 9 1 0  

Contrast 

Per i od 1 - Linear -3 -1 +1 +3 0 0 0 0 0 0 
11 11 - Quadratic  +1 -1 -1 +1 0 0 0 0 0 0 
11 11 Cubic  -1 +3 -3 +1 . 0 0 0 0 0 0 

Per i od 2 - Linear 0 0 0 0 -5 -3 -1 +1 +3 +5 
11 11 - Quadratic  0 0 0 0 +5 -1 -4 -4 -1 +5 
11 11 Cubic  0 0 0 0 -5 +7 +4 -4 -7 +5 

Period 1 vs Per i od 2 +3 +3 +3 +3 -2 -2 -2 -2 -2 -2 

� 
--,:) CO 



Tab le  5 . 3 

Orthog�nal c oeff i c i ents used in partitioning time period effects for plasma pro lactin data in Experiment 5 .  

Per iod 1 Period 2 

Sampl ing t ime - 1 2 3 4 5 6 7 8 9 

Contras t  

Per iod 1 - Linear -5 -3 -1 +1 +3 +5 0 0 0 
" " - Quadratic +5 -1 -4 -4 -1 +5 0 0 0 
" " - Cubic  -5 +7 +4 -4 -7 +5 0 0 0 

Per iod 2 - Linear 0 0 0 0 0 0 -1 0 +1 
" " - Quadratic  0 0 0 0 0 0 +1 -2 +1 

Per i od 1 vs Per i od 2 +1 +1 +1 +1 +1 +1 -2 -2 -2 

� 
--.) \.0 
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c oe fficie nt s  us e d  t o  partit io n t ime period e ffe c ts in the analyses of 

variance are shown in Table 5.1 . 

(b ) LH and Te s t os te r o ne . The te n four-we ekly as say res ults 

for me an plas ma LH and tes t os terone c once ntrat i o ns we re groupe d into 

two periods , w ith the June s o ls t ice as the dividing point ( see Figure 

5 . 1  ) • Ortho g o nal c oe ffic ie nt s use d  t o  partit io n time period effe cts 

in the analyse s  of variance are shown in Table 5 . 2 .  

( c ) Prolactin. T he nine mont hly me an e s t imates of plas ma 

prolactin c once ntrat ion were grouped i nt o  two pe riods , wit h  the 

dividing point at the September e quinox ( see Figure 5.1  ) . Orthogonal 

c oe ffic ie nts use d  to part it ion t ime period e ffe ct s  in the analysis of 

v ariance are s how n in Table 5 . 3 .  

( a) Tre atme nt C o ntras t s .  I n  the analyse s of variance for all 

s e me n  and hormonal data, c omparisons of the effe ct B of the three 

lighting re gime s we re performed us ing the orthogonal c oe ffic ie nts 

shown be low : 

Light ing Regiroo 
C ontrast 

Normal vs Reverse d -

Eve n vs Normal and Reverse d 

3 . RESULTS 

( 1 ) Seme n Data 

Normal 

+1 

-1 

See T able s 5.4 t o  5 .1 0 and Figure 5.2 .  

Eve n Reverse d 

0 -1 

+2 -1 

With the exceptions o f  e jaculate volume and peroe nta� of 

unst ained spermatozoa, all seme n c haracteris tics exhibited a ge neral 

incre ase in quality over the period o f  study. The Reverse d  lighting 

group c ontributed most to t hese increas e s , and in fact dis pl�e d a 

s harp rise i n e jaculate v o lume at the e nd of the experime nt .  

Over the whole pe riod o f  the experime nt , the Eve n light ing 
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Table  5 . 4 

Mean moti l ity ind i c e s  ( s c a l e  0-4 ) and mean perc entages of  mot i le 
s permatozoa r e c orded from e j ac u late s c o l lected i n  Expe riment 5 .  

Mot i l ity index 

Lighting Regime 

Sampl ing Norma l Reversed Even Mean 
t �me 

1 2 . 1  1 . 4 1 • 2 1 . 6 
2 2 . 3  1 . 7 1 • 1 1 . 7 
3 1 . 7 1 . 3 0 . 9  1 . 3 
4 3 . 2 2 . 3  2 . 2  2 . 6  
5 3 . 6  3 . 1  2 . 1  2 . 9 
6 2 . 9  2 . 7  2 . 3  2 . 6  

Mean 2 . 6 b..1. 1 • 6 

% Mot i l e  spermatozoa 

Lighting Reg ime 

Sampl ing Normal Reversed  Even Mean 
t ime 

1 41 . 2  34 . 4  24 . 4  3 3 . 3  
2 5 1  • 9 28 . 8  20 . 8  3 3 . 8  
3 32 . 5  28 . 1  1 8 . 8  26 . 5  
4 67 . 8  45 . 0  48 . 1  5 3 .6  
5 74 . 4  56 . 9  45 .0  58 . 8 
6 5 5 . 2  6 1 . 2  50 . 2  5 5 . 5  

Mean 53 . 8  42 . 4  34 . 6  



Tab l e  5 . 5  

Mean e j aculate vo lumes and mean tota l  fructose c ontents o f  
e j aculates c o l l e c ted in  Expe r iment 5 .  

Ejac ulate volume ( ml )  

Light ing Regime 

1 82 

Sampl ing Norma l Reve rsed Even Mean 
t ime 

1 . 67 1 . 36 0 .75 1 . 26 
2 0 . 85 0 .75  1 • 1 5 0 . 92 
3 0 . 62 0 . 64 0 . 99 0 . 75 
4 1 . 22 0 . 98 0 . 79 1 . 00 
5 0 . 94 1 . 06 0 . 79 0 . 93 
6 0 . 9 5  1 . 5 1  0 . 75 1 . 07 

Mean 1 . 04 1 . 05 0 . 87 

Tota l e jaculate fruc tose  content ( mg )  

Lighting Regime 

Sampl i ng Normal Reversed Even Mean 
t ime 

1 3 . 48 1 . 48 1 . 1 2  2 . 03 
2 1 .01  0 . 87 2 .  5 1 1 . 46 
3 0 . 65 0 . 77 0 . 85 0 . 76 
4 0 . 96 2 . 2 1  0 .  5 1  1 . 23 
5 1 . 07 6 . 1 5 o .  5 1 2 . 58 
6 1 . 5 1  6 . 88 0 . 3 5  2 . 92 

Mean 1 . 45 3 . 06 0 . 97 



Tab l e  5 . 6 

Mean c oncentrat i ons o f  fructose  in  s emen and in  semina l  p lasma o f  
e jac u lates  c o l l e c t ed i n  Exper iment 5 .  

Semina l  fructose  c onc entrat ion  (mg/ml ) 

Lighting Regime 

Sampl ing Normal Reve r s ed Even Mean 
time 

1 . 72 1 . 20 1 . 02 1 . 3 1  
2 1 . 1 7  0 . 9 8  1 . 99  1 . 3 8  
3 0 . 77 1 • 0 1  1 • 0 5  0 . 9 4  
4 0 . 74 1 • 54  0 . 58 0 . 9 5  
5 1 • 1 2  5 . 09 0 . 68 2 . 30 
6 1 • 74 4 . 42 0 . 5 3 2 . 2 3  

Mean 1 • 2 1  2 . 37 0 . 98 

Semina l plasma fruc tose  c onc entration (mg/m l )  

Light ing Regime 

Sampl ing Normal Reversed Even Mean 
time 

1 2 . 2 2  1 . 25  1 . 06 1 . 5 1  
2 1 . 3 2  1 . 04 2 . 02 1 . 46 
3 0 . 89 1 . 03 0 .74 0 . 89 
4 0 . 9 3  2 . 07 0 . 87 1 . 29  
5 1 . 4 1  6 , 28 0 . 76 2 . 8 1  
6 2 . 1 0  5 . 72 0 . 6 1  2 . 8 1  

Ne an 1 . 48 5.90 1 . 0 1  
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Tab l e 5 . 7 

Mean c onc entrations o f  s permatoz oa/m! and mean numbers of  s pe rmatozoa/ 
e j aculate in  semen c o l l e c ted in Exper iment 5 .  

Spermatozoa/m !  ( x 1 09 ) 

Lighting Regime 

Sampling Normal Reve rsed Even Mean 
t ime 

1 1 . 74 0 . 63 1 . 20 1 . 1 9  
2 1 . 6 5  0 . 9 5 1 . 23 1 . 28 
3 1 . 47 0 . 87 0 . 44 0 . 93 
4 2 . 89 2 . 65 2 . 94 2 . 83 
5 3 . 1 1 2 . 6 5  3 . 1 7  2 . 98 
6 2 . 90 3 . 22 3 . 42 3 . 1 8  

Mean 2 . 30 1 . 83 2 . 07 

Spermatozoa/e jaculate ( x1 09 ) 

Lighting Regime 

Sampling Normal Revers ed Even Mean 
time 

1 4 . 1 1 0 . 8 5  1 .70 2 . 22 
2 1 . 69  0 . 60 2 . 1 4  1 . 48 
3 1 • 5 2  0 . 60 0 . 43 o . 8 5  
4 4 . 29 2 .74 2 . 44 3 . 1 6 
5 3 . 05  3 . 05  3 . 70 3 . 26  
6 2 . 96  5 . 78 3 . 64 4 . 1 3 

Mean 2 . 94 2 . 27 2 . 34 
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Tab l e  5 . 8 

Mean perc entages of  uns ta ined and morpho l og i c a l ly norma l s permato z oa in  
s emen c o l lec ted in  Expe riment 5 .  

% Uns tained spermatozoa 

Lighting Regime 

Sampl ing Normal Re versed  Even  Mean 
time 

1 5 5 . 0  45 . 2  3 0 . 9  43 .7  
2 69 . 5  52 . 1  48 . 4  56 . 7  
3 3 4 . 0  3 5 . 0  24 . 2  3 1 . 1 
4 3 1  • 5 5 1 . 0  43 . 6  42 . 0  
5 5 5 . 1  6 4 . 6  5 6 . 8  5 8 . 8  
6 5 6 . 6  56 . 1  5 7 . 2  56 . 6  

Mean 5 0 . 3  5 0 . 7  43 . 5  

% Morphologic a l ly norma l spermatozoa 

Lighting Regime 

Sampl ing Normal Reversed Eve n  Mean 
time 

1 50 . 4  29 . 8  38 . 2  3 9 . 5  
2 56 . 8  3 5 . 4  37 . 5  43 . 2  
3 47 . 6  5 0 . 0  22 . 8  40 . 1  
4 79 . 4  49 . 2  5 7 . 6  62 . 1  
5 73 . 9  72 . 6  60 . 5  69 . 0  
6 57 . 5  8 1 . 0  60 . 4  66 . 3  

Mean 60 . 9  5 3 . 0 46 . 2  



Tab l e  5 . 9 

Exper iment 5 : Summary of Analys es of Var ianc e . for Semen Data . 

Source  of Variat i on Contrast No . D . F .  Varianc e Rat ios  

Volume Mot i l i ty % Mot i l e  Sperm . /ml Sperm . /e j ac . 
MAIN EFFECTS 

A .  LIGHTING REGIMES 2 
Norma l vs Reversed 1 1 0 . 0 1 3 . 23 4 . 24* 1 . 20 0 . 6 1  
Even vs  Normal and Reversed 2 1 1 .89  6 . 25* 5 . 96* o . oo 0 . 1 3  

B .  TIME PERIODS 5 
Linear 3 1 0 . 29 1 3 . 32*** 1 1 . 64** 1 8 . 1 7*** 5 . 4 1 * 
Quadrat i c  4 1 3 . 3 2 0 . 00 o . oo 0 . 24 1 .  79 
Cub ic 5 1 0 . 7 5  2 . 60 2 . 28 2 . 08 1 . 04 

INTERACTION (AxB ) 1 0  
Contrast 2 x C ontrast  4 6 1 4 . 1 4* 0 . 1 7  0 . 1  5 0 . 24 0 . 01 
Non s ignificant c ontrasts 5 1 . 26 0 . 08 0 . 47 0 . 24 0 . 83 

Res idual Mean Square 54 0 . 30 1 . 43 6 3 0 . 7 5  2 . 67 9 . 33 

( Key , Semen Parameters : Vo lume = e jaculate volume ; Mot i l ity = motil ity index ; % Motile  = perc entage of mot i le 
spermatozoa ; Sperm . /ml = c onc entrat ion of spermatozoa/ml ; Sperm . /e jac . = number of spermatozoa/e j aculate ) 

_.. 
CO 0'. 



Tab l e  5 . 1 0  

'Experiment 5 : Summary of  Analys es  of Var ianc e for Semen Data . 

Source  of Var iat i on Contrast  No . D . F .  Variance  Rat ios  

Fr . Conc . Fr . Cont . S . P .  Fr . % · Unstained % Normal 
Cone . 

MAIN EFFECTS 

A .  LIGHTING REGIMES 2 
Normal v� Reversed 1 1 8 . 46** 6 . 23* 9 . 67** 0 . 09 1 . 82 
Even vs Normal and Rever s ed 2 1 6 . 1 7* 5 . 36* 9 . 64�* 2 . 68 3 . 23 

B .  TIME PERIODS 5 
Linear 3 1 5 . 02* 2 . 3 5  8 . 52** 2 . 73 1 2 . 4 1 *** 
Quadrati c  4 1 3 . 02 4 . 64* 4 . 1 6* 2 . 24 0 . 03 
Cubic  5 1 0 . 09 0 . 36 0 . 5 1  0 . 09 1 . 20 

INTERACTION (AxB ) 1 0  
Contrast  1 x Contrast 3 6 1 1 3 . 5 3*** 1 6 . 68*** 1 8 . 90*** 1 . 86 2 . 96  
Contras t 2 x Contras t  3 7 1 9 . 48** 5 . 88* 1 0 . 1 3** 2 . 1 6  0 . 02 
Non s ignificant c ontrasts 4 1 . 20 0 . 98 1 . 1 5 0 . 50 0 . 56 

Res idual Mean Square 54  1 . 80 4 . 94 2 . 38 382 . 38 720 . 50 

( Key , Semen Parameters : Fr . Cone . = fruc tose  c onc entration of s eme n ;  Fr . Cont . = t ota l e j aculate fruc tose  c ontent ; 
S . P .  Fr . C one . = fructose  c onc entrati on of s eminal plasma ; % Unstained = perc entage of uns ta ined spermatozoa ; � 

% Normal = percentage of morpho logically normal spermatozoa ) � 
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F i g u re 5 . 2 : Mon th l y  va r i at i on s  i n  s em i na l  p l a sma f ructose con ce n 
t rat i on s  ( mea n+S . E . )  i n  seme n co l l ecte d f rom rams s u bj ecte d to 
Norma l ( N ) , Even ( E )  or Reve rsed C R ) I i g h t i n g  reg i mes . Da i l y 
p hotope r i o d c h a n ges a re i I l ustra t e d  a n d  the t i m i ng of the eq u i nox 
( E 1 ) a n d  so l st i ce C S ' ) i n d i ca te d . 



1 89 

group had the lowe s t  mean spermat oz oal mot ility and perce nta� of 

mot ile s permat o z oa, while the Re vers ed group had a me an pe rcenta� of 

motile s permat o z oa inte rme diate betwe e n the other two groups ( Contrasts 

1 and 2 ) . 

The most not able res ult was the e levation in s e minal fruc t ose 

leve l s  re corde d from the Re versed lighting · group during the last two 

mont hs of the experime nt ( C o ntras ts 6 and 7) .  

Although the ra.II13 o n  Eve n lighting te nded t o  display c hange s 

s imilar to the Normal lighti ng group for mos t seme n  characteris t ic s ,  

the ir seminal fruc tose leve ls fe ll over the latte r  part of the s tudy 

( C ontrast 7 ) .  

( 2 )  LH and Test oste rone 
-

See T ab le s  5 .1 1 , 5 . 1 2 and Figures 5.3 and 5 .4. 

The pe riod from March to June 1 973 was characte rised by a 

de c line in plasma leve ls of LH and t e s tosterone . On the o ther hand, 

during the s e c ond half of the year the re was litt le overall chan@S i n  

plasma LH c once ntrat ions , while an increase in plasma te s t o s te rone 

c o nt e nt was almos t e ntire ly due to the res ult from the rams s ubje c te d  

t o  Reversed light ing ( C o ntras ts 5, 8 and 1 1  ) .  These rams als o had 

_higher plasma LH leve ls in the final s ix months of the year t han did 

the Normal light ing group (C ontras t 1 0) .  During Oct obe r, the Eve n 

lighting gr oup displaye d a sharp pe ak  in mean plasma LH c once ntrat ions 

( C ontras t 1 2 ) .  

( 3 )  Prolactin 

See T able s 5.1 3 ,  5 .1 4  and Figure 5.5.  

During the March-Se ptember period the Reversed light ing group 

were s ub je cte d to a summe r lighting re gime and displaye d an e le vation 

of plasma prolact in leve ls approx imate ly in phase with the change in 

phot operiod. A s imilar e levat i o n  o f  prolactin leve ls , in phase wit h 



Sampl ing 
time 

1 

Peri od 1 2 
3 
4 

Mean 

5 
6 

Period 2 7 
8 
9 

1 0  

Mean 

Overa l l  Mean 

Tab l e  5 . 1 1  

Mean plasma LH and testosterone c onc entrations rec orded from rams in Experiment 5 .  
(Va lues pre s ented are 1 00 l og1 0 ( X +  1 . 1 ) , where x is hormone c onc entrat ion in  ng/ml . )  

Luteiniz ing Hormone Testosterone 

Ligh ti ng Regime Ligh ting Regime 

Normal Rev1!rs ed Even Mean Sampl ing Normal Reversed Even 
time 

28 . 5  1 2 . 4  1 4 . 2  1 8 . 4  1 60 . 2  37 . 1  1 8 .7 
4 . 1  6 . 5  1 1 . 9 7 .  5 Period  1 

2 2 1 . 9  5 . 9 5 . 1  
1 5 . 4  5 . 1  5 .  1 8 . 5  3 2 1 . 3  9 . 5  7 . 5  
1 0 . 1  7 . 1  1 4 . 2  1 0 . 5  4 1 2 .  1 1 2 . 1  1 1 . 7 

1 4 . 5  7 . 8  � 1 1 • 2 Mean 28 . 9 1 6 . 1  1 0 . 7  

1 2 . 9  7 . 1  1 2 . 1  1 0 . 7  5 28 . 1  5 . 9 1 4 . 9 
1 3 . 8  1 5 .  2 7 . 9  1 2 . 3  6 1 5 . 2  1 6 . 3  4 . 1  
9 . 4  1 3 . 0  1 5 . 7 1 2 . 7 Per i od 2 7 5 .  1 5 1 . 7  27 . 2  
7 . 5  1 5 . 8  3 4 . 2  1 9 . 2  8 1 7 .  1 63 . 3  3 2 . 4  
8 . 7  1 2 . 5  8 . 6  9 . 9  9 20 . 2  68 . 5  8 . 2 

1 6 . 5  20 . 4  1 3 . 7 1 6 . 9  1 0  30 . 5  77 . 7  2 1 . 8  

.lL2 1 4 . 0  1 5 . 4  1 3 . 6 Mean 1 9 . 4  47 . 2  1 8 . 1  

1 2 . 7 .!.l..!2. 1 3 . 8 Overal l  Mean 23 . 2  34 . 8  1 5 . 2  

Mean 

3 8 . 7  
1 1  • 0 
1 2 .  8 
1 2  . o  
1 8 . 6 

1 6 . 3  
1 1  • 9 
28 . 0 
37 . 6  
32 . 3  
43 . 3  

28 . 2  

_. 
� 
0 



Experiment 5 

Source  of Var iati on 

MAIN  EFFECTS 

A .  LIGHTING REGIMES 
Normal vs Reversed 
Even vs Normal and Reversed 

B.  TIME PERIODS 
Per iod 1 - Linear 

" " - Quadrati c  
Per i od 2 - Linear 

" " - Quadratic 
Per iods 1 vs  2 
Non s ignificant c ontrasts  

INTERACTI ON (AxB ) 
Contras t  1 x Contrast 5 

" " x Contras t  6 
" " x Contras t 7 

Contrast  2 x Contrast 5 
1 1  11  x Contras t 6 

Non s ignificant c ontrasts 

Res idual Mean Square 

Tab l e  5 . 1 2  

Summary of Analys e s  of Var ianc e for LH and Testosterone Data . 

C ontrast No . .D . F .  Var ianc e Rat ios  

LH Testosterone 

2 
1 1 0 . 38 5 . 7 1 * 
2 1 0 . 84 1 1 . 07** 

9 
3 1 3 . 97* 8 . 1 1 ** 
4 1 6 . 1 9* 4 . 78* 
5 1 1 . 87 1 5 . 60*** 
6 1 0 . 23  0 . 02 
7 1 1 . 83 5 . 63* 

2 0 . 42 0 . 5 5 

1 8  
8 1 1 • 23 1 4 . 59*** 
9 1 1 • 1 2  4 . 47* 

1 0  1 5 . 1 6* 1 7 . 2 1 *** 
1 1  1 o . oo 4 . 3 5*  
1 2  1 4 . 79* 0 . 53 

9 1 • 5 1  0 . 49 

90  84 . 63 465 . 69 -� 
\0 __.. 



NORMAL 

I �I 
EVEN 

I- -I- _..,_--I-
0 

2 · 5 REVERSED 

MONTHS 

F i g u re 5 . 3  : Month l y  va r i at i on s  i n  p l a sma LH con c e n t ra t i o n s  ( mea n 
+S . E . )  recor de d  f rom rams s ubj ected to No rma l ( N ) , Even ( E )  o r  
Reve rsed ( R )  I i g ht i ng reg i mes . Da i l y photope r i od c h a n g es a re 
i I l us t rated a n d  the t i m i ng o f  the e q u i noxes ( E 1 ) a n d  so l st i ces ( S

1
) 

i n d i ca te d . 
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E ' s' E' I s 

- � � � � 
� .._, 

1 4.40 N Cl 0 ..... � w 
1 2 .0 0 E p.. 0 E-< 0 :r:: 9.2 0 R p.. 

NORMAL 

5 
EVEN 

REVERSED 

I-V --I 
0 �--�-=�e:==�=-�----��

r�--�--�--��� 
A M J J A s 0 N 0 

MONTHS 

F i g u re 5 . 4 : Month l y  va r i at i ons i n  p l a sma testoste rone conce ntra t 
i on s  ( mea n+S . E . }  reco rded f rom rams s ub j ected to No rma l ( N ) , Even 
( E )  or Reve rsed ( R ) l i g ht i n g  reg i me s . Da i l y p hoto p e r i od c h a nges 
a re i I l us t ra te d  and the t i m i ng o f  t h e  eq u i noxes ( E 1 ) a n d  so l st i ces 
( S 1 ) i n d i ca te d . 



Tab l e  5 . 1 3  

Mean plasma pro lactin c onc entrat ions rec orded from rams in Experiment 5 .  
( Values pres ented are 1 00 log1 0 (x + 1 . 1 ) , where x is  hormone c onc entration in ng/ml . ) 

Lighting Regime 

Sampl ing Normal Reversed Even Mean 
t ime 

1 60 . 0  98 . 4  1 05 . 8 88 . 1  
2 8 1  • 1 1 40 . 1  90 . 3  1 03 . 8 

Per iod 1 3 1 1 4 . 1  1 5 1  . 6  1 29 . 3 1 3 1 • 7 
4 1 1 8 . 7  1 8 1 . 4  1 34 . 7 1 44 . 9  
5 1 1 3 . 6 1 75 . 0 1 29 . 5  1 3 9 . 4 
6 1 22 . 7 1 26 . 7 1 42 . 2  1 30 . 5  

Mean 1 0 1 • 7 1 4 5 . 5  1 22 . 0 1 23 . 1  

7 1 57 . 1  1 1 2 . 0 1 57 . o  1 42 . 0 
Peri od 2 8 1 54 . 4  93 . 5  1 44 . 2  1 30 . 7  

9 1 67 . 4  1 04 . 3  1 24 . 4  1 32 . 0 

Mean 1 59 . 6  1 03 . 3 1 4 1 • 9 1 3 4 . 9  

Overal l  Mean 1 2 1 . o  1 3 1 . 4  1 28 . 6  

� 
\!) -+='" 



Experiment 5 

Source  of  Var iati on 

MAIN EFFECTS 

A .  LIGHTING REGIMES 
Normal vs Reversed 
Even vs Normal and Reversed 

B .  TIME PERIODS 
Period 1 - Linear 

" " .:. Quadrati c  
Periods 1 vs 2 
Non s ignifi cant c ontrasts 

INTERACTION (AxB ) 
Contrast 1 x Contrast  5 
Contrast  2 x Contr�st 4 
Non s igni f icant c ontrasts 

Res idual Mean Square 

Tabl e  5 . 1 4  

Summary of Analys i s  of Var ianc e for Prolactin Data . 

Contrast  No . 

1 
2 

3 
4 
5 

6 
7 

D . F .  

2 
1 

8 t  
1 
1 
1 
3 

1 6  
1 
1 

1 0  

8 1  

Varianc e Rat io 

2 . 84 
0 . 29  

27 . 9 1 *** 
1 3 . 84*** 
4 . 98* 
0 . 73  

5 9 . 67*** 
5 . 1 0* 
0 . 86 

670 . 58 

� 
\.!) 
\J1 
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MONTHS 
F i g u re 5 . 5  : Month l y  v a r i at i o n s  i n  p l a sma p ro l act i n con ce n t ra t i on s  
( me a n+S . E . )  recor d e d  f rom rams s u bj ected t o  N o rma l ( N ) , E v e n  ( E ) o r  
Reve rsed ( R ) I i g ht i ng reg i mes . Da i l y p hotope r i od c h a n ge s  a re i 1 1 - · 

ustrated a n d  the t i m i ng of the eq u i nox ( E 1 ) a n d  so l st i ces ( S ' )  
i n d i cate d . 
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increas ing photoperiod, was re c orded from the rams on the Normal 

lighting re gime during the Oct ober-De cember period. The above two 

res ults,  in which plasma prolact i n  c once ntrat ion increased with 

le ngthe ning photoperiod, e nt irely acc ounte d for th� very highly 

s ignificant c omponent (Contras t 6 )  of the Lighting Re gimes x Pe riods 

interaction. 

C ompared t o  the range of fluctuations in plasma prolactin 

conce ntrations re c orded from the rams on t he Normal and Reversed 

lighting regimes ,  o nly relative ly minor c hanges were re corded from 

those o n  the Eve n lighting regime . 

4. DISCUSSION 

The res ults obtaine d in this experime nt indicate d that, in the 

absence of  change s in other e nvironmental factors , alterations in  

lighting influe nce d  neuroe ndocrine mechanisms i n  N. Z .  Romney rams . 

This finding s upported the hypothesis that changes in daily photoperiod 

were t he major s timulus for seas onal change s in semen c haracteristics 

and plasma hormone levels in rams at pasture . 

Plasma LH c once ntrations recorded in this experiment were s o  low 

that detection of s ignificant differences betwee n treatme nt groups was 

unlike ly. This failure to s how a� e ffect  of photoperiod on plasma 

LH leve ls , similar t o  those reported by Fe lletier and Ortavant ( 1 975a) , 
-

large � c an be acc ounted for by t he differe nces in concentrations of 

this h ormone obtained in the two laboratories .  While the mean levels 

for plasma LH from rams in the Fre nch study ranged from 1 .5  t o  4. 0 nf!/' 

ml, those in the present experime nt rare � excee ded 0.5 nf!/'ml. 

Bioass� comparis ons have indicated that t his diffe re nc� probab� c ould 

not be attributed to  the different standards used in each assay : t he 

LH-M1 standard use d  by Fe lletier and Ortavant had 1 .5 times the 

biological act ivity of 1�H-LH-S1 , where as t he NIH-LH-S1 8 used in this 



laborat ory was e quivale nt t o  1 . 03 t ime s  the NIH-lli-S1 s tandard. 

Neverthe le s s ,  it is poss ible that a di�ference in immu nore act ivity of 

the as s ay  s tandards , which was not r e f le c te d  as a differe nce i n  

biologi cal act ivity, o r  s ome oth e r  d i f�erence be twe e n  the as s ays , 

ac c ount e d  for the d i ffere nt leve ls o f  lJ{ re c orde d in this and the 

Fre nc h  work .  Alternat ively, the l ow lJ{ le•;e ls o f  the N. Z .  Romney 

rams c ould h ave re fle cte d e ither a bre e d  differe nce , or the re  may have 

be e n  a diurnal pattern of se cre t i on, s o  that low le ve ls of LH always 

we re re c orded from blood samples c ol le c ted at 1 0. 00 h ( howe ve r, s e e  

C hapt e r  VII) .  
Although there was little e v ide nce for aqy se as onal c ha �  in 

plasma LH le ve ls ,  the rise in plas ma t e s t osterone c once ntrat ion 

re c orde d during the final four months of the e xperirre nt from the rams 

on t he Re ve rsed lighti ng regime , de mons trated that phot ope r i odic 

influe nce s c o uld alter gonadal funct ion. Since change s in te s t os te r o ne  

product ion w o uld b e  e xpe cted t o  re fle c t  alte re d  LH se cre t i on, the 

diffe re nce i n  pattern of re s ults for these two hormone s  in Expe rime nt 

5 was s urpris ing .  T his disparity may have re fle cte d de fic ie nc ie s i n  

t he LH ass � ,  or i t  was poss ible that t he freque ncy o f  puls e s  of LH 

output had alte red, w ithout ne c e s s ari ly changing me an plasma leve ls 

at the part i c ular t ime of the day whe n sample s were c ol le cted 

( Katongole , Na� olin and Short , 1 974) .  

T he phot ope riodic i�luence on g onadal t e s t oste ror� product ion 

was c onfirmed by the s imultane ous increase in s e minal fruc t os e  leve ls 

and in e jac ulate volume s re c orde d from the Re versed lighting group. 

Only one pre v i ous re port h as indicated that s e as onal c hange s i n  

s e minal fruct os e  leve ls c ould be s imulate d by manipulat ing the phot o

pe riod ( Jacks on and Williams , 1 973 ) .  In an Australian study no 

s e as onal pattern of seminal fruc t os e  leve ls was observed from rams on 

normal or re ve rsed light ing re gime s ( Moule , Brade n and Matt ne r, 1 966 ) .  



1 9 9 

This latter re s ul t  c aus ed the authors t o  c onclude that s e as onal 

change s in s e minal fruc t o s e  leve ls in graz ing rams we ro attributable 

t o  nutritional fact ors ; in the p1� s e nt work, the diet was o f  

cons t ant c ompo s it i on throughout the experime nt . However, ur.de r 

s ome extens ive Australian graz ing c ondi t io ns ,  nutrit ion may have an 

influe nce on seminal fructose levels . 

For rams o n  Reversed light ing the de l� be twe e n  the longe s t  

da i ly photoperiod and the i ncrease in plas ma testosterore le ve ls was 

l onge r than that re c orde d from rams at pas ture (Experiment 3 ) .  

Jacks o n  and Williams ( 1  973 ) indicate d that a trans ie nt phase occurs 

during adaptation of rams t o  an impose d l ight rhythm, s o  that 

gonadal respons e s  do not be c ome n in phase"  with the new rhythm unt i l  

after a few phot operiodic cyc le s .  Pre s umab ly s uch a n  adaptat ion 

per i od is require d for e s tabli shme nt of new " in phase "  rhythms of 
LH s e c ret ion, and re s ults from re fract or i ne s s  at pituitary, 

hypothalamic ,  or other leve ls :i.n the ce ntral nervous sys tem. 

Other s t udie s on ram se me n have s hown that phot ope r i od 

revers al can reverse the seas onal change s i n  parame ters re lat e d  t o  

spermatogenesis ( Ortavant,  1 956 ;  Ortavant and Thibault, 1 956 ;  Fowle r, 

1 961 ; C olas e t  al. , 1 972 ; Jacks o n  and Williams , 1 973 ) ;  no s uch 

response for the s e  parameters was s e e n  in the prese nt stuqy nor in 

se roo n f'rom grazing N. Z .  Romney r�!3 (Experiment 3 ) .  This appare nt 

c onflic t  of re sults c o uld have re s ulte d from bre ed dif'fe rence s .  

Alternative ly, it may indicate that spermat o�nic re spons e s  t o  

phot operiodic rnythms are significant o� whe n us ing rhythms with 

greater (8 h ) amplitude , and a shorte r ( 6  months ) cycle le ngth, than 

t hat used in the current experime nt . 

Results o f  experime nts on the e ffe c ts of differe nt l i eht ing 

re gime s  on e pidiqymal spermat oz oal re s e rve s ( Ortavant ,  Yaule o n  and 

Thibault , 1 964 ) le d t o  the authors making two import ant c onc lus ions 
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firs t ly ,  the e ffects of lighting reve rsal we re more pronounce d with 

a s ix-monthly cycle than with the natural light i ne  c h a nges , and 

s e c ondly, the e ffe cts were more pronounce d in the se c ond cycle than in 

the first .  I n  Experiment 5 the natural changes i n  phot operiod which 

occur at this locality we re s imulate d ,  thus the res ults of this 

expe riment were more c omparable to t hose obtai ne d  from rams at pasture 

in Experime nts 3 and 4, than to findings from many of the studies 

reporte d in the literature . 

One point of departure from natural d�light change s was the 

abs e nce of all owance for twilight in the pre s e nt experime nt .  At 

Palmerston North twilight provide d grazing animals with a slightly 

v ariable period of additio1�l lighting throu�1out the ye ar ( about 30 

minute s  per day ) , but the amplitude of the annual phot operiodic 

cyc le was not s ignificant ly differe nt from that use d  in this 

expe rime nt ( c ivil twilight = 32 minutes midsumme r  a nd 26 minutes 

midwinter, N. Z .  Aeronautical I nformat ion Publication, Ministry of 

Transport ) . Thus , at this latitude twilight would not ac c ount for 

differe nce s betwe en res ults re c orded from graz ing rams and from those 

hous e d  indoors . However at higher latitudes twilight be c ome s 

progressively longer and has a gre ater s e as onal variat ion s o  that it 

could repre se nt a s i gnificant factor in t he annual photoperiodic 

c hanges .  

T he se c ond point rBised by Ortavant, Maule on and Thibault ( 1 964) 

expos e s  the maj or limitation of t he present experime nt ; this was t he 

fact that the experiment did not continue for more than one cycle o f  

lighting c hange s .  At the des ign stage s  o f  this pre liminary 

experime nt ,  it was not e nvisage d t hat light rhythm reversal would take 

s o  long to produce its effe cts . C ons e que ntly the experiment was 

c onc luded at the Decembe r  s olstice . It is now obvious that exte ns ion 

of the experiment for a few months may have s hown whether the elevated 



plasma te s t osterone and seminal fruc t ose leve ls in the Reve rsed 

liv1ting group d i d  i n  fact de c li ne ,  while those for the Normal 

lighting group c ont i nue d  to ris e .  Furthermore , if the e xperime nt 

had bee n c ontinue d for a year or tw o ,  it is pos n ible that data for 

othe r semen c harac teris tics and LH may have s hown s e as onal c hanges 

in phase with the photoperiodic cycle . 

2 0 1  

No s ignificant c hange s i n  plasma testoste rone or seminal 

fructose c once ntrat i o ns  were re c orded from t he rams on Eve n light i ng 

ind i cating that t his group re s e mb le d the Normal light ing eroup in its 

s e as onal pattern. . T his res ult was c o ns iste nt with the c onc lus ion of 

Ortavant ( 1 961 ) , who c laime d that although te n to twe lve h ours o f  

daylight repre s e nte d the optimum f o r  reprod uction in rams , this only 

applie d  whe n daily phot operiod was be ing progre s s ive � de cre as e d. 

Rams on Normal lighting did not display major c hange s in s e me n 

producti on, or plasma LH or test os terone le ve ls during t he c ourse of 

this study. As s imilar re s ults were re c orde d from rams on Eve n 

light ing, no c onc lusion c ould be reached re garding the exis t e nce of 

res idual reproductive rhythms in the latte r group. Res idual rhythms 

of seme n product ion by rams were re porte d by Jacks on and Wil lia!D3 

( 1 973 ) ,  but more than one ph otoperiodi c c y c l e was requ i r e d  t o  

demons trate t he ir existe nce . 

Eve n with the s h ort time-course of this expe riment it was 

poss ib le t o  reach definite c onc lus ions about prolactin s e cre t ion in 

rams : all groups of rams showe d c hange s in plasma prolac t in le ve ls 

which were in phase w ith the lighting regime s . Thus this expe rime nt 

confirmed the finding of Fe lletier ( 1 973 ) that prolactin secret ion 

in ra.Ill3 was dire ctly relate d t o  the le ngth of the phot operiod. 

Als o ,  the re lative ly c or� tant plasma prolact i n  leve ls of rams on Eve n 

lighting s ugge s te d  that there was no inhere nt seas onal rhythm of 

prolactin re le as e .  
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In some spe c ie s , it has be e n  show n  that the pinnal gland has 

an important role in the re gulation of hormone re le ase by light ing 

change s (Re iter, 1 974a ) . It remains t o  be e s tablishe d  whet her the 

se as onal prolactin re s pons e s  t o  c hanging phot operiods are re gulated 

by the pine al gland in the ov i ne  s pe c ie s ,  and in t urn, whe ther t he 

change s in prolactin s e cre t i on have a� s ignificant dire ct or 

indire ct role in re gulat ing ov ine reproduc t ive s e as onal ity . 
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C H.API'SR VI 

E FFECTS OF PI NEALE CT OMY ON SEMS N FRODUCTI ON AND PLAS MA HORMO� LEVELS 

IN RAMS SUBJECTED TO C ONI'RASTI NG LIGHI'I f-.TG REGIME S 

1 .  INTRODUCTION 

Experime nt 6 was undert ake n to study the e ffe cts of pine a l

e ct oii\Y on seme n  product ion and plasma hormone le ve ls in rams . 

I n  Experime nt 4, cranial cervical gang lionectoii\Y produc e d  

chan@3s in a number .  o f  parame ters as s oc iate d  with reproduct ive activity, 

and als o alte red pine al gland function. This re sult indicate d that 

the pineal gland may have an important role in induc ing s e as onality of 

reproduction in rams . Thus it was ne ce s s ary to remove the pine al 

gland t o  allow dire ct inve s t igation of this poss ibility. 

Re iter ( 1 973�) noted that pine ale ct omy was a notorious ly 

unre liable me ans of demons trat ing pine al gland influe nces on the 

reproduct ive syste m .  He s ugge s te d  that o fte n this wa;:s due t o  the use 

of inappropriate lighting regime s , which by v irtue of the ir exce s s ive 

photoperiod le ngths , e ffe c t ive ly " pineale c t omize d" experime nta l  

animals whe ther they had bee n  s urgically pine alectomized o r  not . The 

present e x perime nt was des igne d t o  ove rc ome this short c oming b oth 

pine ale c t omized and c ontrol rams were s ubmitted t o  normal or revers e d  

light i ng re gime s ,  i n  a n  attempt t o  evaluate the poss ible role of the 

pine al gland in me diating the re product ive re sponses t o  phot operiod 

revers al, which were re c orde d in Chapter V .  

2 .  MATERIALS AND METHODS 

( 1 ) Animals and Experime ntal Proce dure 

Sixte e n  adult N. Z .  Romney rams were allocated at random t o  the 
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pineale c t o� ( PX) or s ham- operat i on ( Controls ) s urgical tre atme nts 

de s cribe d in Chapte r  II. Surgery was c arrie d out be twe e n  s ix  and ore 

we eks imme diat e �  prior t o  the c omme nceme nt of the expe rime nt , by 

which t ire all rams appe are d  t o  h ave re c ove re d from s urgery and we re in 

good he alth. 

Post-mortem macros c opic examinat ion o f  formalin-fixe d brai ns  

verifie d the c omple te ne s s  of t he p i ne ale c t o� ope rat i o ns ,  but 

histological examinat ion of paramedian brai n  s e c t ions reve ale d minute 

remnants of pineal s t alk in a few pine ale c t omiz e d  rams . The se re mnants 

were not c ons idere d  to be of s ufficient import ance to warrant 

exc lus i o n  of the data obtaine d  from a� of the rams c o nce r ne d .  Brains 

from s ham-operate d rams were examine d  in a like ma nne r a nd appe are d 

normal in every re s pe ct .  See Fi gures 6 . 1  and 6 . 2 .  

C omme nc ing at the September e quinox 1 974, one light-c ont rol le d  

room ( c o ntaini ng e ight rams : four pine ale c t omiz e d  and four s ham

operate d) was s ubmitted to the normal s e as onal rhyt hm of phot operi odic 

chan� ( Normal) , wh ils t  another room ( als o c o ntaining four pine ale ct

omiz e d  and four s ham-operate d rams ) was s ub je c ted t o  a reversed pattern 

of phot operiodic changes (Re ve rs e d) . The amplitude of the phot operiodic 

cycle was ide ntical t o  that us e d  in Experime nt 5 ,  with a minimum 

photoperiod of 9 hours and 20 m i nute s and a maximum of 1 4  hours and 40 

minute s . The s e  lighting treatme nts were c o ntinued until the e nd of 

the experime nt in May 1 975. 

(2 ) Stat is t ical Analys e s  

( a ) Seme n  and Hormone Data. For e ach se me n  parameter, data 

were pooled to provide a monthly mean e s t imate for e ach ram. T he e ight 

c omplete months of the experime nt were divide d  int o  two periods , 

de marc ated by the De cember s ols t ice , as shown in Figure 6 .3 .  Orthogonal 

c oe ffic ie nts us ed t o  part it ion t ime period e ffe c t s  for s e me n  data are 



F i g u re 6 . 1  

F i g u re 6 . 2 

M i d sa g i tta l sect i on o f  b ra i n  f rom s ham-op e ra t e d  

r a m  s how i ng i ntact p i nea l g l a n d  ( p ) . 

So l och rome cya n i n  a n d  c re s y l · f a st v i o l et sta i n .  

M i d s a g i tta l sect i on o f  b ra i n  f rom p i nea l ectom i ze d  

ram s how i ng rem n a n t  o f  p i nea l sta l k  ( r ) . 

So l och rome cya n i n  a nd c r e s y l f a st v i o l et s ta i n .  

( Note : I n  F i g u res 6 . 1  a n d  6 . 2 t h e  ros t ra ! e n d  of t h e  b ra i n  

i s  to t h e  l eft o f  each f i g u re . )  
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EQUINOX 

PHOTOPERIOD 

( h )  

PERIOD l 

SOLSTICE EQUINOX 

PERIOD 2 PERIOD 3 

HORMONES l 2 3 4 5 6 7 8 9 10 l l  ·1 2 l 3  14 15 16 1 7  l R  

PERIOD l 

S EMEN l 2 

MONTHS s 0 N 

KEY : R - Reversed 

N - Normal 

1 9 7 4  

3 

D 

PERIOD 2 

4 5 6 7 8 

J F M A M 

1 9 7 5  

F i g u re 6 . 3  : D i a g ram s how i ng the cyc l i c  c h a nges i n  da i l y p hotope r i od 
f o r  the I i g ht i ng reg i mes used i n  Expe r i ment 6 ,  a n d  the s u b d i v i s i o n of 
t he t i me-co u rse of the expe r i me n t  f o r  d ata a na l yses . 
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Tab le  6 . 1  

Orthogonal c oe ff i c i ents used in partitioning t ime per iod effects f or s emen data in  Experiment 6 .  

Sampl ing t ime 

Contrast 

Per iod 1 - Linear 
1 1  1 1  Quadrat ic  

Per i od 2 - Linear 
1 1  

1 1  

1 1  - Quadratic 
1 1  - Cub ic  

Pe r i od 1 v s  Per iod 2 

Per i od 1 

- 1 2 

-1 0 
+1 -2 

0 0 
0 0 
0 0 

+5 +5 

Period 2 

3 4 5 6 7 

+1 0 0 0 0 
+1 0 0 0 0 

0 -2 -1 0 +1 
0 +2 -1 -2 -1 
0 -1 +2 0 -2 

+5 -3 -3 -3 -3 

8 

0 
0 

+2 
+1 
+1 

-3 

f\) 
0 
� 



Tabl e  6 . 2  

Orthogonal c oeffic ients used in partiti oning time period effects for plasma hormone data in Experiment 6 .  

Per i od 1 Per i od 2 Per i od 3 

Sampl ing t ime - 1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  

Contrast 

Peri od 1 - Linear -3 -2 -1 0 +1 +2 +3 0 0 0 0 0 0 0 0 0 0 
11 11 - Quadrati c  +5 0 -3 -4 -3 0 +5 0 0 0 0 0 0 0 0 0 0 
" 11 - Cubic  - 1  +1 +1 0 -1 -1 +1 0 0 0 0 0 0 0 0 0 0 

Period 2 - Linear 0 0 0 0 0 0 0 -3 -2 -1 0 +1 +2 +3 0 0 0 
11 11 - Quadratic  0 0 0 0 0 0 0 +5 0 -3 -4 -3 0 +5 0 0 0 
11 11 - Cubic  0 0 0 0 0 0 0 -1 +1 +1 0 -1 -1 +1 0 0 0 

Period 3 - Linear 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -3 -1 +1 
1 1  11  - Quadratic  0 0 0 0 0 0 0 0 0 0 0 0 0 0 +1 -1 -1 
11 11 Cubic  0 0 0 0 0 0 0 0 0 0 0 0 0 0 -1 +3 -3 

Per i od 1 vs Per iod 2 +1 +1 +1 + 1  +1 +1 +1 -1 -1 -1 -1 -1 -1 -1 0 0 0 

Period 3 vs Per i ods 1 & 2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 -2 +7 +7 +7 

1 8  

0 
0 
0 

0 
0 
0 

+3 
+1 
+1 

0 

+7 

f\J 
0 CO 
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shown in Table 6 .1 . 

For each hormone the 1 8  two-we ekly e s t imates o f  plasma h ormooo 

c once ntrat ions we re groupe d int o  three pe riod.s , de marcate d by the 

De cembe r  s ols t ice and March e quinox , as show n  in Figure 6 . 3 .  

Orthogonal c oe ffic ie nts us e d  t o  partit ion t ime per iod e ffe cts f or 

hormo ne data are s hown in Tab le 6 .2 .  Res ults from Expe rime nt 5 

i ndicated that the s e  orthogonal c ontras ts s h o uld have provide d  the most 

mea ni ngful evaluat ion of phot operiodic e ffe cts . 

(b ) Tre atme nt C o ntrasts . . Tre atme nt effects of lighting 

re gime s ,  operat io ns , and the ir i nteraction were examined us ing the 

ort hogonal coeffic ie nts shown be l ow .  

C o ntras t 
Normal Light i� 

C ontrols Pineale ctomized 
Reve rs e d _&i&ht i� 

C ontrols Pine ale c t omized 

Main E ffe cts 

Lighting Regime s 
Oper.::�.t ions 

I nteraction 

Light i ng Re gime s x 

+1 
+1 

Operat ions ·1-'i 

3 .  RE SULTS 

( 1 ) Se �re n Data 

+1 
-1 

-1 

-1 
+1 

-1 

See Tables 6 .3 to 6 .9  and Figures 6 .4 to 6 .7 .  

-1 
-1 

+1 

Se me n  from s ham- operate d rams had higher value s for spermat oz oal 

mot ility and perce ntage of mot ile s pe rmat oz oa than se xoo n from pineal-

e et omize d rams . Als o pine ale ct omize d rams on Revers e d  lighting 

produce d e jaculate s with low motility indices and l ow . peroe nta � s  of 

moti le spermat oz oa during the final five months of the experime nt 

( C ontrasts 1 ,  2 ,  3 ,  4 and 6 ) .  In the period from the De cember s olst ice 

t ill the e nd of the experime nt ,  me an e jac ulate volume s te nded to 

i ncrease (C ontrast 3) and were higher than in the pre vious thre e months ; 
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Tab l e 6 . 3  

Mean moti l ity i nd i c e s ( s c a l e  0-4 ) and mean pe r c e ntages o f  mo t i l e  
s pe rma t o z oa r e c o rd e d  f r om e j a c u l a t e s  c o l l e c t e d i n  Experiment 6 .  

Moti l ity index 

Normal Lighting Revers ed Light ing 

Sampl ing C ontrols  PX Controls  PX Mean 
time 

1 2 . 9  2 . 8  3 . 0 2 . 9  2 . 9 
Period  1 2 3 . 1  3 . 0 3 . 1  3 . 2  3 .  1 

3 3 . 1  2 . 8 3 . 3 2 . 7 2 . 9 

Mean 3 . 0  2 . 9  3 . 1  2 . 9 3 . o  

4 3 . 0 3 . 0 2 . 9  2 . 4  2 . 8  
5 2 . 9 3 . 2 2 . 5  2 . 3  2 . 7 

Per i od  2 6 3 . 6 2 . 8  3 .  1 2 . 7 3 . 0 
7 3 . 0 2 . 9  3 . 0 2 . 0  2 . 7 
8 2 . 6 2 . 9 2 . 7 2 . 1  2 . 5  

Mean 3 . 0 3 . 0 2 . 8 2 . 3  2 . 7  

Overal l  Mean 3 . 0 2 . 9 3 . 0 2 . 5  

% Mot i l e  Spermatozoa 

Normal Lighting Reversed Lighting 

Sampl ing Contro ls PX Controls  PX Mean 
t ime 

1 58 . 3  5 5 .6  5 8 . 3  57 . 5  5 7 . 4  
Per i od 1 .  2 63 . 8  60 . 6  63 . 8  59 . 4  6 1 . 9  

3 60 . 6  57 . 5  65 . 0  5 1  • 9 58 .7  

Mean 60 . 9  57 . 9  62 . 4  56 . 3  5 9 . 3  

4 59 . 4  58 . 1  60 . 0  5 0 . 6  5 7 . 0  
5 5 3 . 8  59 . 4  5 2 . 6  45 . · 1 52 . 7  

Per i od 2 6 67 . 5  54 .4  58 . 1  44 . 4  56 . 1  
7 6 1 . 3  54 .4  56 . 3  4 1  . 9  5 3 . 4  
8 5 0 . 0  52 . 5  46 � 9 3 8 . 8  47 . 0  

Mean 58 . 3  5 5 . 8  5 4 . 8  44 . 2  5 3 . 2  

Ove rall  Mean 59 . 3  56 . 6  57 . 6  48 .7  

( Key : Controls  = Sham-operated ; PX = Pinealectomized ) 
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Tab l e  6 . 4  

Mean e jaculate volumes and mean total fruc t o s e  contents o f  ejaculates  
c o l lected in  Expe r iment 6 .  

E jaculate vo lume ( m l )  

Normal Light ing Reversed Lighting 

Sampl ing Contro l s  PX C ontro l s  PX 
time 

1 1 . 45 1 . 24  1 • 41 1 . 42 
Per i od 1 2 1 . 1 1  1 . 04 0 . 95  1 . 1 1  

3 1 . 08 1 • 1 6  1 . 43 1 . 33  

Mean 1 . 2 1  1 • 1 4  1 • 26 1 . 28 

4 1 • 1 4  1 .  73 0 . 95  1 . 46 
5 1 . 1 9  1 . 66 1 . 30 2 . 06 

Per i od 2 6 1 . 03 2 . 03 1 • 96 1 . 88 
7 1 . 09 2 . 60 1 .  70 1 . 89 
8 1 . 50  2 . 20 1 . 8 1  1 .  73  

Mean � 2 . 04 1 • 54 1 . 80 

Ove ral l Mean � 1 . 70 ., . 43 1 . 6 1  

Tota l  e jacul ate fruc t o s e  c ontent ( mg )  

Norma l Light ing Reversed Light ing 

Sampl ing Contr o l s  PX Controls  PX 
time 

1 0 . 67 1 . 1 4  0 . 47 1 . 69 
Period 2 0 . 64 0 . 7 5  0 . 47 1 . 32  

3 0 . 93 0 . 9 5  3 . 1 9  0 . 8 5  

Mean 0 . 75 0 . 94 1 . 38 1 • 29 

4 1 . 87 1 . 83  3 .  4 1  1 . 1 4  
5 2 . 34  3 . 02 5 . 76 5 . 23 

Per i od 2 6 2 . 4 1  5 . 73  6 . 50 9 . 00 
7 3 . 64 7 . 39 3 . 08 8 . 57 
8 8 .  9 1  1 o .  77 2 . 1 4  6 . 07 

Mean 3 . 84 5 .7 5  4 . 1 8  6 . 00 

Overal l  Mean 2 . 67 3 . 94  3 . 1 2  4 . 23 

(Key : Control s  = Sham-operated ; PX = Pinea lectomized ) 

He an 

1 . 38  
1 . 05 
1 . 2 5  

1 • 2 2  

1 . 3 2  
1 . 5 5  
1 • 72 
1 . 82 
1 • 81 

1 . 64 

Mean 

0 . 99 
0 . 80 
1 . 48 

1 . 09 

2 . 06 
4 . 08 
5 .  9 1  
5 . 67 
6 . 97 

4 . 94 
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Ta b l e  6 . 5  

Mean c oncentrat ions  o f  fruc t o s e  in  s emen n.nd in s emina l  plasma 
of e j aculates  c o l l e c ted in  Exper iment 6 .  

S emina l fruc tos e concentrat i on ( mg/ml ) 

Normal Lighting Reversed Light ing 

Sampl ing Contro l s  p� Contro l s  PX Mean 
t i me 

1 0 . 48 1 . 0 5  0 . 37 1 . 1 8  0 . 77 
Per i od 1 2 0 . 47 o . 11· 0 . 48 1 • 01  0 . 68 

3 0 . 87 0 . 7 5  1 . 39  0 . 76 0 . 94 

Mean 0 . 6 1  0 . 86 0 . 75  0 . 98 0 . 80 

4 1 . 1 2  0 . 90  1 . 9 5  1 . 08 1 . 26  
5 1 . 38 2 . 04 3 . 59 2 .  72 2 . 43  

Per i od 2 6 2 . 1 7 2 . 7 1  2 . 32 4 . 3 1  2 . 88 
7 2 . 84 2 . 64 2 . 1 6  4 . 3 1  2 . 9 9  
8 5 . 76 4 . 62 1 . 07 3 . 90 3 . 84 

Mean 2 . 65 2 . 58 2 . 22  2 . 26 2 . 68 

Overal l  Mean 1 . 88 1 . 93 1 . 66  2 . 40 

Seminal plasma fructose  c onc entrat i on ( mg/ml ) 

'Norma l Lighting Reversed Lighti ng 

Sampl ing C ontrols  PX Controls  PX Mean 
t ime 

1 0 . 62 1 . 37 0 . 46 1 . 3 8 0 . 96 
Per iod 1 2 0 . 62 0 . 9 5  o .  5 1  1 . 23  0 . 83 

3 1 . 1 7  0 . 9 4  1 . 72 0 . 87 1 . 1 8  

Mean 0 . 8 1  1 .09 0 . 9 0  1 . 1 6  0 . 99  

4 1 .42 1 . 1 5  2 . 27 1 . 23  1 . 52  
5 1 . 85 2 . 64  4 . 3 5 '  3 . 28 3 . 03 

Per i od 2 6 2 . 63 3 . 3 2  3 . 37 4 . 90 3 . 5 6  
7 3 . 1 5  3 . 48 2 . 5 3  5 . 0 1  3 . 5 4  
8 6 .7 1  5 . 49 1 . 40 4 . 27 4 . 47 

Mean 3 . 1 5  3 . 22  2 . 78 3 . 74 3 . 22 

Overa l l  Mean 2 , 27 2 . 4 1  2 . 07 2 . 77 

(Key : Contro ls  = Sham-operated ; PX = Pinea lec tomi zed ) 



Ta b l e 6 . 6  

Mean c onc entrat i ons of s permatoz oa/m! and mean numbers of 
s permatozoa/e ja�ulate in s emen c o l le c ted in Experiment 6 . 

Spermatoz oa/m!  ( x 1 09 ) 

Normal  Lighting Rever s ed Light ing 

Samp l i ng Controls  PX Controls  PX 
t ime 

1 3 . 80 2 . 9 5  5 . 04 3 . 28 
Per i od 1 2 3 . 25 2 . 60 3 . 2 2  3 . 1 1  

3 3 . 48 3 . 20  4 . 1 0  2 . 7 1  

Mean 3 .  5 1  2 . 92 4 . 1 2  3 . 03 

4 3 . 42 3 . 3 6  3 . 27 3 . 32  
5 3 . 1 0  3 . 69 3 . 06 2 . 9 1 

Pe r i od 2 6 2 . 85 2 . 84  4 . 48 2 . 33 
7 2 . 47 3 . 4 1  3 . 88  2 . 39 
8 2 . 3 1 2 . 5 5  4 . 69  2 . 0 1  

Mean 2 . 83 3 . 1 7  3 . 88 2 . 59 

Overa l l  Mean 3 . 08 3 . 07 3 . 96  2 . 75 

Spermatoz oa/ejaculate  ( x1 09 ) 

Normal Lighting Rever s ed Lighting 

Sampling Controls  PX Cont r o ls PX 
t im e  

1 6 . 1 6  4 . 3 1  7 . 01 4 . 96 
Per i od 1 2 3 . 93 2 . 57 3 . 05  3 . 69 

3 4 . 54  3 .73  5 . 9 5  4 . 03 

Mean 4 . 88 3 . 53 5 . 3 4  4 . 22  

4 3 . 9 5  5 . 9 5  3 . 26 5 . 2 5  
5 4 . 20 6 . 22 4 . 5 6  5 . 92 

Per i od 2 6 3 .6 1  6 . 60 1 0 . 05  4 . 6 1  
7 3 . 49 9 . 66 6 . 9 1  5 . 05 
8 3 . 63  6 .. 00 8 . 66 3 . 75  

Mean 3 .77 6 . 88  6 . 69 4 . 92 

Overa l l  Mean 4 . 1 8  5 . 62  6 . 1 8  4 . 65  

( Key : Contro ls  = Sham-operated ; PX = Pineal ectomi z ed )  

2 1 3 

-Mean 

3 . 77 
3 . 04 
3 . 37 

3 . 39  

3 . 3 4  
3 . 1 9  
3 . 1 3  
3 . 04 
2 . 89 

3 . 1 2  

He an 

5 .6 1  
3 . 3 1  
4 . 5 6  

4 . 49 

4 . 60 
5 . 2 2  
6 . 22 
6 . 28 
5 . 5 1 

5 . 57 
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Tab l e  6 . 7 

Mean perc entages of  u n s t a i ne d  and morph o l ogica l ly normal 
spermatozoa in s emen c o l l e c ted in Expe riment 6 .  

% Uns tained spermatozoa 

Normal Lighting Reversed Lighting 

Sampl ing Contro ls  PX Contro ls  PX Mean 
t ime 

1 62 . 6  58 . 8  5 3 . 0  56 . 8  57 . 8  
Per i od 1 2 65 . 9  64 .0' 60 .4  58 . 5  62 . 2  

3 67 . 9  72 . 3  67 . 5  59 . 6  66 . 8  

Mean 65 . 5  65 . 0  60 . 3  58 . 3  62 . 3  

4 64 . 3  75 . 5  62 . 5  64 . 5  66 .7  
5 70. 3  79 . 1  70 . 6  73 . 4  73 . 3  

Per i od 2 6 78 . 9  79 . 6  65 . 1  71 . 3  73 . 7  
7 77 . 0  76 . 4  63 . 6  63 . 0  70 . 0  
8 7 1 . 0  72 . 6  62 . 5  66 . 9  68 . 2  

Mean 72 '. 3  76 . 6  64 . 9  6 7 .8 70 . 4  

Ove ral l  Mean 6 9 . 7  7 2 . 3  6 3 . 2  64 . 2  

% Morpho logic a l ly norma l 
-· 

s permatozoa 

Normal Lighting Reversed Light ing 

Sampl ing Control s  PX Contro l s  PX Nea!l 
t ime  

1 82 . 0  68 . 9  70 .7  71 . 5  73 . 3  
P e r i od ·  1 2 73 . 3  76 . 4 72 . 5  78 . 1  75 . 1  

3 77 . 3  74 . 5  69 . 3  ' 73 . 4  73 . 6  

Mean 77 . 5  73 . 3  70 . 8  74 . 3  74 . 0  

4 75 . 6  69 . 4  67 . 9  70 . 2  70 . 8  
5 80 . 1  75 . 8  68 . 3  60 . 3  71 . 1  

Per iod 2 6 77 . 6  6 1  . 6  72 . 9  6 5 . 9  69 . 5  
7 77 . 0  6 5 . 5  72 . 9  67 . 6  70 .7  
8 8 1 . 4  77 . 0  68 . 9  7 1 . 5  74 . 7  

Mean 78 . 3  69 . 9  70 . 2  67 . 1  71 . 4  

Overal l  Mean 78 . 0  7 1 . 1  70 . 4  6 9 . 9  

( Key : Contro l s  = Sham-operated ; PX = Pinealectomized ) 



Sour c e  of  Variat i on 

MAIN EFFECTS 

A .  LIGHTING REGIMES 

B .  OPERATIONS 

C .  TIME PERIODS 
Per i od 2 - Linear 
Per i ods 1 vs 2 
Non s i gnificant c ontrasts  

I NTERACTIONS 

A X B 

A x C 
A X ( Periods 1 vs 2 ) 
Non s i gnificant c ontrasts 

B X c 
B x ( Peri ods 1 � 2 ) 
Non s ignificant c ontrasts 

A X B X c 
A x B x Per iod 2 - Linear 
A x B x ( Periods 1 � 2 ) 
Non s ignificant c ontrasts  

Res idua l Mean Square 

Table  6 . 8 

Experiment 6 : Summary o f  Analyse s  of  Varianc e for Semen Data . 

Contrast No . 

1 

2 

3 
4 

5 

6 

7 

8 
9 

D . F .  

7 

7 

7 

4 

1 

1 
5 

1 
5 

7 
1 

4 

96 

Vo lume 

0 . 48 

1 0 . 84** 

7 . 3 3** 
1 5 . 3 8*** 

0 . 89 

2 . 72 

0 . 02 
0 . 68 

7 . 41 ** 
0 . 24 

2 .  72 
2 . 6 1  
0 . 66 

0 . 34 

Mot i l i ty 

3 . 56 

5 . 3 8* 

0 . 97 
3 . 1 3  
0 . 60 

2 . 07 

4 . 67* 
0 . 05 

0 . 2 9  
0 . 65  

0 . 43 
0 . 69 
0 . 98  

0 . 42 

Varianc e Rat i os 

% Mot i l e  

5 . 1 4* 

7 . 66** 

4 . 1 7* 
7 . 80** 
0 . 87 

2 . 1 3  

2 . 9 5  
0 . 1 4  

0 . 23 
0 . 42 

o . oo 
0 . 3 1  
0 . 1 9 

1 42 . 80 

Sperm . /ml  

1 . 70 

8 . 09** 

1 . 2 1  
1 . 56 
0 . 71 

7 . 76** 

0 . 08 
0 . 5 5  

0 . 69 
0 . 70 

4 . 07* 
1 . 63 
0 . 3 1  

1 . 48 

Sperm . /ejac . 

0 . 84 

0 . 01 

1 . 33  
3 . 48 
1 . 5 2  

7 . 1 0** 

0 . 0 1  
0 . 26 

2 . 73 
0 . 56 

4 .85*  
4 . 9 5* 
0 . 48 

9 . 9 1  

( Key , Semen Parameters : Vo lume = e j acu:Lat e  vo lume ; Mot i l i ty = mot i l ity index ;  % Moti le  = perc entage of  mot i le 
spermatozoa ; Sperm . /ml = c onc entrati on of spermatoz oa/ml ; Sperm . /ejac . = number of spermatozoa/e j aculate ) 

!\) 
� 

\Jl 



Tab l e  6 . 9 

Exper iment 6 : Summary of Analys e s  of Var ianc e  for Semen Data . 

S ourc e  of Var iat i on 

MAIN EFFECTS 

A .  LIGHTING REGIMES 

B .  OPERATIONS 

C .  TIME PERIODS 
Per i od 1 - Linear 
Per i od 2 - Linear 

11  " - Quadrati c  
Per iods 1 vs 2 
Non s ignificant c ontrasts 

INTERACTIONS 

A X B 

A x C 
A x Per i od 2 - Linear 
11  11  1 1  - Quadrat i c  
Non s ignifi cant c ontrasts 

B X c 
Non s ignificant c ontrasts 

A X B X c 
A x B x Per iod 2 - Linear 
Non s ignifi cant c ontrasts 

Res idual Mean Square 

Contras t  No . 

1 

2 

3 
4 
5 
6 

7 

8 
9 

1 0  

:O . F .  

1 

7 
1 
1 

7 

1 
2 

1 
1 
4 

7 
6 

7 
1 
5 

96 

Fr . Cone . 

0 . 1 3 

1 • 22 

0 . 06 
1 2 . 70*** 

0 . 26 
2 5 . 86*** 

0 . 7 1  

0 . 94 

5 . 3 1 *  
4 . 58* 
0 . 05 

0 . 46 

4 . 2 1 * 
0 . 2 1 

4 . 1 0 

Fr . Cont . 

0 . 22 

2 . 34  

0 . 1 0 
1 0 . 8 5** 

0 . 73 
23 . 09*** 

0 . 90  

0 . 01 

4 . 54* 
6 . 63* 
0 . 04 

1 . 06 

0 . 67 
0 . 88 

1 9 . 24 

Var ianc e Rat ios  

S . P .  Fr . 
Cone . 

0 . 03 

0 . 98 

0 . 07 
1 1 . 44** 

0 . 5 8 
26 . 05*** 

0 . 70 

0 . 42 

5 . 0 1 * 
4 . 89* 
0 . 05 

o .  59  

3 . 27 
0 . 1 8  

5 .75  

% Uns tained 

1 2 . 89*** 

0 . 69 

5 . 1 8* 
0 . 02 
4 .  57•* 

1 5 . 2 3*** 
0 . 57 

0 . 08 

0 . 73 
0 . 46 
0 . 3 5 

0 . 36 

0 . 46 
0 . 34 

1 2 5 . 62 

% Norma l 

4 . 70* 

3 . 29 

o . oo 
0 . 66 
0 . 86 
1 • 52 
1 • 25 

2 . 34  

0 . 0 1  
0 . 20 
0 .97 

0 . 92 

0 . 03 
0 . 1 9  

1 36 . 08 

( Key , Semen Parameters : Fr . Cone . = fructose  c onc entrati on of s emen ; Fr . Cont . = total e j aculate fruc tos e c ontent ; 
S . P .  Fr . Cone . = fructose  c onc entration of s emina l plasma ; % Unsta ined = perc entage of unstained spermatozoa ; 
% Normal = perc entage of morpho logical ly normal spermatozoa ) 
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this tre nd was mos t  marke d for pineale c tomize d ram3 ( C ontras ts 4 and 7 ) .  

Overall, sham- operat e d  rams had lower e jac ulate volume s than pine al

e c t omize d rams (C ontrast 2 ) .  
All thre e me as ures of seminal fruct os e  leve ls disp laye d higher 

values during the last five months of the s tudy. Although e jaculates 

from the rams on Reversed lighting showe d peak fructose value s duri ng  

this pe riod and de c li ning levels t owards the e nd  o f  the experime nt ,  

the fruc t ose cont e nt of seme n from rams on the Normal lighti ng re gime 

c o ntinue d t o  increase until the e nd of the expe rime nt (C o ntrasts 4, 6 

and 8 ) .  Pine ale c t oiey" had no overall e ffe ct on seminal fruct ose 

leve ls , h owe ver the de c line i n  se minal fruc tose c once ntrations in 

e jac ulate s  from rams u nder Revers e d  light ing was s ignificant ly  le ss 

marke d i n  the PX rams than i n  the Controls ( C ontras ts 8, 9 and 1 0) .  

E jaculates from sham- operated rams had highe r me an c o nce ntrat ions 

of s permat oz oa than those from pine ale c t omized rams ( C o ntrast 2 ) .  This 

differe nce was large ly attributable to re s ults from rams on Revers e d  

lighting ; the opp os ite tre nd w as s e e n  i n  re s ults from rams o n  Normal 

l i ghting during the f inal five months of the experime nt, both for 

s pe rmat oz oal c once ntration and f or tot al numbers of s pe rmat oz o a  pe r  

e jac ulate (C ontras ts 5, 8 and 9 ) .  

Rams under Normal light ing produce d  s eme n with higher overall 

perce ntage s of uns t ai ne d  and morphologically normal s pe rmat oz oa than 

did rams under Revers e d  light ing. The me an pe rce ntage of uns tained 

s pe rmat o z oa, calc ulated from all four groups of rams , rose s te adi� 

from S e ptember 1 974, until February 1 975, the n s howe d a s light de c line 

( C ontras ts 1 ,  3, 5 and 6 ) .  

( 2 )  Plasma H ormone Data 

( a ) 1tl• See Tables 6 . 1 0, 6 .1 3 and Figure s 6 . 8  and 6 . 9. 

All f our groups of rams d is played pe aks of LH s e cretion during 
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Ta b l e  6 . 1 0  

Mean plasma LH c onc entrat i ons r e corded from rams ·i n Experiment 6 .  
( Va lues pre s ented are 1 00 log 1 0 (x + 1 . 1 ) , where  x is hormone c onc entration  

in ng/ml . )  

Norma l Light i ng Reversed Lighting 

Samp l ing Controls  PX Controls  PX Mean 
t ime 

1 1 6 . 8 1 4 . 3  1 2 . 2  1 3 . 0  1 4 . 1  
2 1 8 . 4  1 8 . 6  1 1 . 1 1 6 . 9 1 6 . 2  
3 1 6 . 8  1 7 .  1 1 3 . 6 1 6 . 9 1 6 . 1  

Per i od 1 4 2 5 . 1  26 . 3  1 6 . 6  23 . 8  22 . 9  
5 1 4 . 9  1 6 . 3  1 2 . 7 1 4 . 6  1 4 . 6  
6 1 5 .  9 1 5 . 2  20 . 6  2 0 . 6  1 8 . 1  
7 1 2 . 0 1 3 . 7 1 1 . 6 1 1 . 7 1 2 . 2 

Mean 1 7 . 1  1 7 . 4 1 4 .  1 1 6 . 8 1 6 . 3  

8 1 7 . 9  1 6 . 2  1 8 . 5  1 0 . 8  1 5 . 8  
9 8 . 9 1 2 . 2  1 2 . 3  1 3 . 0 1 1  • 6 

1 0  9 . 4 9 . 5  8 . 8  1 2 . 9 1 0 . ·1 
Per i od 2 1 1  9 . 3 1 0 . 9  9 . 6 1 5 . 6 1 1 . 3 

1 2  1 7 . 9 9 .  1 8 . 9 1 I • 1 1 1 . 7 
1 3 1 5 . 0 9 . 1  8 . 3  1 7 . 2  1 2 . 4  
1 4  2 1  • 1 7 . 3  5 . 8 9 . 7  1 1 . 0 

Mean 1 4 .2 1 0 . 6  1 0 . 3  1 2 . 9 1 2  . o  

1 5 1 4 . 5  1 0 . 2  6 . 1  1 0 . 8  1 0 . 4  

Per iod 3 1 6 1 0 . 9  9 . 8 7 . 3  7 . 3  8 . 8  
1 7  1 2 . 5  8 . 4 5 . 8 1 4 . 5  1 0 . 3  
1 8  1 1 . 4 8 . 9 7 . 8 7 . 0  8 . 8  

Mean 1 2 . 3  9 . 3 6 .7 9 . 9 9 . 6  

Overal l  Mean 1 4 .9  1 3 . 0 .J...hQ 1 3 .7 

( Key : Contr o l s  = Sham-operated rams ; PX g Pinealec tomized 
rams ) 
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( S ) i n d i ea te d • 
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the period from Se ptembe r t o  De cembe r ( Period 1 ) , followe d by lower 

mean le ve ls during the final five months ( C o ntras ts 6 and 7 ) .  Rams 

under the Normal lighting re gime had highe r  me an plasma LH le ve ls than 

those sub je ct e d  to the Re versed lighting re gime . This re s ult , and the 

s ignificant Lighting Re gime s x Operations interaction, arose from the 

lower me an plasma LH le ve ls re c orde d from the s ham-ope rate d rams 

s ubjected t o  the Reverse d  light ing re gime ( C ontra..s ts 1 and 8 ) .  

From December 1 974 t o  March 1 975 ( Pe riod 2 ) ,  plasma LH leve ls of 

s ham-operat e d  rams under Normal light ing dis playe d rising values whilst 

those of sham- operate d rams under Reverse d  lighting de clined, as als o 

did those of pinealectomized rams under Normal lighting ( C ontrast 20) . 

6 . 1 1 . 

(b ) Te stos terone . See Table s  6 .1 1 ,  6 . 1 3 and Figures 6. 1 0 and 

Re gardle ss of light ing re gime , s ham- operated rams s h owed a we ll

defined peak of plasma testosterone leve ls at around the t ime of the 

s hortest daily phot operiod. On the othe r  hand, plasma from pineal-

e c t omized rams s howed no c ons iste nt pattern of change in te s t os terone 

levels . 

The above s tateme nt s  acc ounted f or all the significant interaction 

c ontras ts ( C o ntrasts 8, 1 0, 1 4  and 20) ,  while the fact that s ham

operate d rams on both lighting regimes did not have e levat e d  plasma 

testos terone leve ls during the first four months gave rise t o  the 

highly significant betwee n-periods c ontrast ( C ontra..st 6 ) .  

( c ) Prolactin. See Tables 6 .1 2 ,  6 .1 3 and Figures 6 .1 2 and 6. 1 3 .  

Subs tantial fluctuations in plasma prolactin leve ls were re c orded 

from all groups of rams in this experime nt .  Ge nerally the s e  changes 

were such that me an prolactin le ve ls were re late d dire ctly t o  the 

photoperiods t o  which t he animals were expose d. Howeve r, the 

f luctuat ions in plasma prolactin c oncentrat ion were not as marked in 

pinealect omize d ra1113 as they were in sham- operate d rams . Als o the PX 
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Tab l e  6 . 1 1 

Mean plasma testosterone c onc entrati ons recorded from rams in 
Exper iment 6 .  ( Va lues pres ented are  1 00 log1 0 ( x + 1 . 1 ) ,  ''here  

x is hormone c oncentra t i on in  ng/ml . )  

Norma l Light ing Revers ed Light ing 

Samp l ing Contr o l s  PX Controls  PX Mean 
time 

1 20 . 9  3 3 . 6  22 .7  33 . 8  27 . 7  
2 2 1 . 6  20 . 1  1 6 . 4 2 8 . 7  2 1 . 7  
3 34 . 8  3 2 . 8  1 5 .  3 2 9 . 8  28 . 2  

Per i od 1 4 40 . 8  5 2 . 0  1 2 . 8  52 . 5  3 9 . 5  
5 56 . 9  3 3 . 2  29 . 5  25 . 2  3 6 . 2  
6 22 . 0  2 6 . 6  57 . 0  42 .9  37 . 1  
7 34 . 9  1 9 . 5  34 . 6  30 . 5  2 9 . 9  

Mean 3 3 . 1  3 1 . 1  26 . 9  34 . 8  3 1 . 5  

8 47 . 8  3 6 . 8  88 . 6  43 . 8  5 4 . 2  
9 33 . 1  48 . 1  78 . 3  5 4 . 3  5 3 . 4  

1 0  3 7 . 2  40 . 4  50 . 5  32 . 5  40 . 1  . 

Per i od 2 1 1  3 1 . 1  46 . 5  48 . 6  5 5 . 5  45 . 4  
1 2  64 . 4  41 . 8  5 5 . 3  5 4 . 8  54 . 1  
1 3  76 . 4  56 . 8  3 3 . 5  68 . 1  5 8 . 7  
1 4  82 . 4  23 . 4  1 9 . 0  50 .7  43 . 9  

Mean 5 3 . 2  42 . 0  5 3 . 4  5 1 . 4  5 0 . 0  

1 5 82 .7  3 5 . 9  2 8 . 0  40 . 3  46 .7  

Per i od 3 1 6  57 . 0  40 . 8  24 . 8  3 1 . 2  3 8 .4 
1 7  69 . 6  3 1 . 8  2 0 . 3  29 . 2  37 . 7  
1 8  3 2 .7  27 . 3  3 2 . 4  27 . 7  3 0 . 0  

Mean 60 . 5  3 3 . 9  26 . 4  32 . 1  3 8 . 2  

Overal l  Mean 47 . 0  3 6 . 0  37 . 1  40 . 6  

(Key : Contr o l s  = Sham-ope rated rams ; PX = Pinea l e c tomi z ed rams ) 
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Tab l e  6 . 1 2  

Mean p lasma pro l ac t in c onc entra t i ons r e c o rded from rams i n  
Exper i ment 6 .  ( Va lues pre s ented are 1 00 l o g 1 0 ( x + 1 . 1 ) ,  wher e  

x i s  hormone c onc entra t i on i n  ng/ml . )  

Normal Li ghting Reve rsed Light i ng 

Sampl i ng Contro l s  PX Contro l s  PX Mean 
t ime 

1 1 73 . 2 1 88 . 0 1 6 5 . 4 1 33 . 1  1 64 . 9  
2 1 6 5 . 0 1 57 . 8  1 52 .6  1 57 . 5  1 58 . 2  
3 1 73 . 8 1 5 5 . 1  92 o 5  1 45 . 4 1 4 1 . 7  

Per i od 4 1 8 1 .2  1 62 o0 90 . 4  1 54 . 7  1 47 . 1  
5 1 87 . 5  1 74 . 5  1 06 . 1  1 5 1  .6  1 54 . 9  
6 1 89 . 9 1 73 . 7 9 9 . 7  1 2 5 . 5  1 47 . 2 
7 1 90 . 6  1 49 . 8  1 02 . 1 1 38 . 7 1 45 . 3 

Mean 1 80 . 2  1 65 . 8 1 1 5 . 5 1 43 . 8 1 5 1  . 3  
--

8 1 75 . 2 1 5 5 . 5  53 . 6  1 28 0 6  1 28 . 2  
9 1 57 . 1  1 45 . 2 9 6 o7 1 6 1 . 8  1 40 . 2  

1 0  1 72 .6 1 56 . 9  1 0 1 . o  1 48 . 5  1 44 . 7  
Per i od 2 1 1  1 37 .o  1 63 . 3 1 1  0 . 6 1 57 . 6  1 42 . 1  

1 2  1 77 .4 1 89 . 4  1 9 5 . 2  20 1  . 1  1 90 . 8  
1 3  1 1 4 . 4  1 67 . 2  1 38 . 6 1 77 . 1  1 49 . 3 
1 4  1 04 .7 1 78 . 1  1 69 . 0 209 .7  1 6 5 .4 

Mean 1 48 . 3  1 65 . 1  1 23 . 5  1 69 . 2 1 5 1  • 5 

1 5 60 . 1  1 6 1 . 4  1 66 . 2 1 9 5 . 5  1 45 . 8 

Per iod 3 
1 6  48 . 0  1 66 . 1  1 92 . 8 1 82 . 0 1 47 . 2  
1 7  1 28 . 3 1 83 . 5 1 78 . 6 1 68 . 6 1 64 . 7  
1 8  1 1  5 . 1  1 63 . 1  1 88 . 9 1 76 . 5 1 60 . 9  

Mean 87 .9  1 68 . 5  1 8 1 .6  1 80 .6 1 54 . 6  

Overal l  Mean 1 47 . 3  1 66 . 1  1 3 3 . 3 1 6 1 • 9 

( Key : Contro ls = Sham-operated rams ; PX = Pinea l ectomi z ed rams ) 
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F i g u re 6 . 1 2  : Fortn i gh t l y  v a r i at i on s  i n  p l asma p ro l a ct i n  con cent rat
i on s  ( mea n�S . E . ) recorded f rom s h am-operated a n d  p i ne a l ectom i z e d  r ams 
s u b j ected to t he Norma l I i g h t i n g reg i me .  Da i l y photope r i od c h a nges 
a re i l l ust ra te d  and the t i m i ng of the equ i noxes ( E ) a n d  so l s t i ce ( S )  
i n d i ca ted . 
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F i g u re 6 . 1 3  : Fo rtn i gh t l y  va r i at i on s  i n  p l a sma p ro l act i n  conce n t ra t i on s  
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i I l us t ra t e d  a n d  the t i m i ng of t h e  equ i noxes ( E )  a n d  so l st i ce ( S )  i n d i c
ated . 
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·Tab le  6 . 1 3  

Experiment 6 Summary of Ana lys e s  of Var ianc e for LH , Te stoste rone 
and Pro lactin Data . 

Source  of Var iation Contras t  D . F .  

MAIN EFFECTS 

A .  LIGHTING REGIMES 

B .  OPERATIONS 

C .  PERIODS 
Per i od 1 - Quadrat ic  
Period 2 - Linear 

1 1  11 
- Cub i c  

Period 1 v s  Period 2 
Per i od 3 vs Periods  1 & 2 
Non s ignifi cant c ontrasts  

INTERACT IONS 

A X B 

A X c 

No . 

2 

3 
4 
5 
6 
7 

8 

A x Pe riod 1 - Linear 9 
A x Per i od 2 - Linear 1 0  

· A  x Period 3 - Linear 1 1  
11 11 " - Cub ic  1 2  

'A  x ( Period 1 vs Period 2 ) 1 3  
A x ( Period 3 vs Periods 1 & 2 ) 1 4  
Non s ignifi cant c ontras ts  

B X c 
B x Per i od 3 - Linear 
B x ( Period 1 vs Period 2 ) 
B x ( Period 3 vs Periods 1 & 2 ) 
Non s ignificant c ontrasts  

A X B X c 
A x B x Per iod 1 - Linear 
u n 11 11 - Quadrati c  
A x B x Period 2 - Linear 
A x B x ( Per iod 3 vs 

Peri ods 1 &2 ) 
Non s i gnificant c ontrasts  

Res idua l Mean Square 

1 5  
1 6  
1 7  

1 8  
1 9  
20  

2 1  

1 7  

1 
1 
6 

1 7  
1 

1 7  

1 
5 

1 
1 
1 
8 

1 7  
1 
1 
1 

1 
7 

2 1 6 

Variance Rat ios  

LH Te stost
erone 

Pro lactin 

3 .99* 

0 . 20 

1 0 . 71 *** 
1 . 62 
3 . 03 

22 . 93*** 
22 . 58*** 
0 . 59 

8 .95** 

2 . 08 
1 . 24 
0 . 1 7  
0 . 22 
0 . 36 
0 . 3 5  
0 . 70 

0 . 03 
1 . 1 3  
0 . 04 
0 . 79 

0 . 70 
0 . 1 1  
9 . 88** 

0 . 20 
0 . 44 

46 . 2 1  

0 . 89 

1 . 82 

1 . 29 
0 . 04 
4 . 1  O·* 

3 3 . 72*** 
0 . 56 
1 . 3 9  

0 . 80 
1 1  . 08** 

1 .  76 
0 . 58 
0 . 94 
8 . 54** 
0 . 72 

0 . 26 
2 . 22 
1 . 6 1  
1 • 01  

7 . 1 9** 

48 . 1 1 *** 

1 • 26 
2 1 .. 01 *** 

1 . 02 
o . oo 
0 . 6 1  
2 . 1 0  

2 . 04 

5 . 90* 
42 . 45*** 

4 . 83*  
6 . 23* 

1 8 . 26*** 
94 . 5 1 *** 

0 . 68 

7 . 1 7** 
9 . 89** 
6 .41 * 
1 . 1 5  

0 . 04 7 . 40** 
0 . 60 4 . 57* 

22 . 90*** 1 7 . 09*** 

2 . 82 5 1  .2 1  *** 
0 . 89 1 . 0 1 

566 . 44 838 .60 
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group had hi ghe r me an plasma prolac t i n  leve ls than the C ontrols , while 

the ove rall me a n  e s t imate s were highe r in rams under Normal light ing 

than in those unde r Reve rs e d  light i ng ( C ontrasts 1 and 2 ) . 

Sham- operat e d  rams unde r the Normal light ing re giua had maximal 

plas ma prolac tin c onc e ntrat ions at about the time of the longe s t  ph ot o

per i od ;  these s ubs e que nt ly waned wit h  the approach of the s h orte s t  

dai ly photoperiod at the e nd o f  the expe rime nt .  No s uc h  change s we re 

s hown by the pine ale ct omiz e d  rams in t he s ame 1' oom , in fact this group 

dis p l�e d a serie s  of o nly re lat ive ly minor de viat io ns  from its me a n  

prolactin le ve l .  I n  c o ntras t ,  the s ham- o pe rate d rams under Re verse d 

lighti ng had ve ry low plasma prolac tin c o nce ntrat ions dur ing t he first 

five months of this expe rime nt , c orre s ponding t o  the sh ort dai ly 

phot operiods , the n s te adily ris ing le ve ls as the phot ope riod i ncreas e d  

t owards the e nd o f  the expe rime nt .  Agai n pineale c t omized rams i n  the 

s ame r o om dis playe d le s s-marke d change s : a rise in plasma prolac t i n  

leve ls during Fe bruary and March 1 975 was followed by a fall, e ve n  

though photoperiods were s t ill increas i ng (C ontra�ts 9-21 ) . 

(3 ) Aut opsy Dat a 

See Table s  6 . 1 4  and 6 . 1 5 .  

C ompare d t o  t he rams o n  the Reve rse d  light ing re gime those unde r 

Normal light ing had higher overall me an v alues for : t e s t i c ular we ight s ,  

epididymal we ights , e pididymal spermat o z oal re s e rve s ,  and se minal 

ve s icular we ights , fruc t ose c o ntents and fruc t ose c o nc e ntrat i o ns . I n  

fact t he highe s t  and l owe s t  mean value s for the s e  parame ters were 

obtained from t he s ham-operated rams unde r Normal and Re vers e d  light i ng, 

re s pe ct ive � ;  t he pine ale ct omized rams had me an value s i nterme diate 

be twe e n  the s e  two extreme s . This tre nd was indicat e d  by the s i gnifi

cant Lighting Re gimes x Ope rations i nteractions re c orde d for all the 

parameters me nt i o ne d  above , except t e s t icular we ights and s eminal 



Tabl e  6 . 1 4  

Data ( means* .± S .E . ) c o l lec ted f o l l owing autopsy of  rams uti l ized in  Exper iment 6 .  

Body Te sticular Seminiferous Epididymal Epididyma l 
we ights we ights tubul e  weights spermat ozoal  

diameters reserves 
( Kg )  ( g )  ( )liD ) ( g )  ( x 1 09 ) 

NORMAL LIGHTING REGIME 

Sham-operated 75 . 3.±1 . 8  429 . 6.±20 . 1  207 . 1.±4 . 3  84 .7.±5 . 9  1 01 . 44.±6 . 24 

Pinealec tomi zed 80 . 1.±3 . 9  4 1 7 . 5.±50 . 3  204 . 2.±7 . 7  70 . 2.±5 . 7  74 . 82.±5 . 64 

REVERSED LIGHTING REGIME 

Sham-operated 75 . 9.±2 . 1 238 . 7.±3 5 . 1  1 88 . 4+7 . 0  45 . 6+2 . 6  3 1 . 52.± 6 . 00 

Pineal e ctomized  8 1 . 4.±2 . 5  337 . 2j:) 1 . 6  204 .6.±2 . 3  59 . 1.±3 . 3  5 0 . 44+1 3 . 65 

Ampul lar Seminal  Seminal  ves icular fruc tose  Thyroid  Pituitary 
we ights ves i cular Total c ontent Conc entrati on we ights we ights 

weights 
( g )  ( g )  (mg )  ( mg/g ) ( g )  (mg )  

NORMAL LIGHTING REGIME 

Sham-operated 5 . 48.±0 . 48 1 5 .  63.±2 . 1 6 8 1 . 8.±1 5 . 4 5 1 0 . 8.± 3 5 . 2  9 . 1 5.±0 . 44 1 049.±1 37 

Pinealectomized 4 . 54.±0 . 6 3  8 . 1 0.±1 . 38 3 5 . 4.± 8 . 7  545 . 7.±1 5 1 . 8  1 0 . 90.±1 . 02 1 426.±1 65  

REVERSED LI GHTING REGIME 

Sham-operated 3 . 96.±0 . 1 2  6 . 49.±0 . 76 9 . 0.± 1 . 7 1 74 . 9.± 28 . 9  1 0 . 24.±1 . 1 3  1 1 97.± 9 1  

Pineale ctomized 4 . 26+0 . 32 9 . 5 8.±0 . 43 32 . 3.± 7 . 3  3 34 .4.± 67 . 0  8 . 75.±1 . 1 8  1 238+2 06 

* 
Where  data have been  obtained from paired organs , means for  each group were bas ed on totals per ram . 1\.) 

\.N � 



Tabl e  6 . 1 5  

Var iance ratios  for c ontrasts in  the analys es of varianc e of data pres ented in  Tab l e  6 . 1 4 .  ( D . F .  = 1 , 1 2 ) 

Contrast  

Lighting Regimes 

Operati ons 

Lighting Regimes x Operati ons 

Error Mean Square 

Contras t 

Lighting Regimes 

Operat i ons 

Light ing Regimes x Operat i ons 

Error Mean Square 

Body 
we ights 

0 . 1 2 

3 . 6 5  

0 . 0 1  

29 . 42 

Ampul lar 
we ights 

.4 . 34 

0 � 56 

2 . 04 

0 . 75 

Te sticular 
we ights 

1 4 . 24** 

1 . 44 

2 . 37 

5 1 65 . 3 3  

Seminal 
ves i cular 

we ights 

7 . 98* 

2 . 67 

1 5 . 29** 

7 . 37  

Seminiferous 
tubul e  

diameters 

Epididymal 
weights 

2 . 54 29 . 7 1 *** 

1 . 33  0 . 01 

2 . 76 9 . 27** 

1 3 1 . 7 5  84 . 54 

Seminal ves i cular fruc tose  
Total c ontent Conc entrat ion 

1. 5 . 72** 1 0 . 1  0** 

1 . 46 1 . 27 

1 3 . 26** 0 .  5 2 · 

366 . 7 5  2961 2 . 00 

Thyro id 
weights 

0 . 29 

0 . 02 

2 . 68 

3 . 93 

Epididyma l 
spermatoz oal 

reserve s 

3 0 . 3 3*** 

0 . 20 

7 . 09* 

73 . 29 

Pituitary 
we ights 

0 . 02 

1 . 80 

1 • 1 6  

0 . 1 0  

1\..) 
'-"' \J1 
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ves ic ular fruc t os e c o nce ntrat io ns . A s imi lar tre nd was s how n by the 

me an values for ampullar we ights and s e miniferous tubule diame te rs , 

but was not s t atis tic al� s i gnificant .  

4. DI SCUSSION 

Expe rime nt 6 showe d t hat re produc t ive functions of rams c ould 

be modifie d s igni fic antly by pine ale cto�, with the most dramatic 

influe nce s  be i ng e ffects on plas ma le ve ls of reproduct ive hormone s .  

Most o f  the se e ffe cts appeare d as ·modificat i o ns  to the i nflue nce s  of 

change s in phot operiod le ngt h ,  which we re rec orde d from intact rams 

in Expe rime nt 5 .  

(1 ) Seme n Produc tion 

E levate d  values for e j ac ulate volume s ,  s perm�t o z oal mot ility, 

and perce ntage s of mot ile and uns taine d  s pe rmat oz oa ,  i n  s e me n  

c olle ct e d  from rams unde r Normal light i ng we re rec orde d during the 

period of de cre as ing daily phot operiod. Similar change s were not 

see n i n  seme n  from rams on Re verse d light i ng (with t he exception of 

e jaculate v olume s ) , thus indicat ing that t he s e as onal pat t e rn of 

change i n  the se parameters was altere d by reversal of the light ing 

cy c le . However, as the above name d parame ters did not display 

s e as o nal c hange s in the e arlie r expe rime nts in this the s is ,  and the 

rise i n  e jaculate v o lume s o c c urre d in all groups o f  rams re gardle s s  of 

lighting re gime , c o nclus ions about t he pho t operiodic ity o f  t he s e  

parti cular se rre n  characteris t i c s  mus t be v iewe d  with c aut ion. 

Re s ults for perce nt age s of uns t ai ne d  s permat oz oa c o ntraste d 

sharply with those of Fowler ( 1 961 ) , wh o reported re duced perce ntages 

of live s permat o z oa from Decembe r to March, irre s pe c t ive of light i ng 

treatme nt .  Te mperature was not c o ntrolle d  i n  Fowle r ' s study and 

probably c ontributed t o  his re s ult . 
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E jaculate volume s ge ne ra lly incre as e d  during the latte r five 

months of the expe rime nt and this incre as e  m� have be e n  at tributable 

t o  a re s idual seas onal pattern in all groups ; however, h igher va lue s 

were rec orde d from t he pine ale c t omize d rams i ndicat i ng a n  e ffe ct of 

this operat i o n. 

Most rams in this expe rime nt had ris i ng semi nal fruc t 0B e  leve ls 

ove r the final months of the s t udy, however the s ham- operate d rams o n  

the Re vers e d  ligh ting re gime s h owe d a n  e arly rise followe d by 

de c li ni ng leve ls ove r the las t  three months . This latter res ult 

indicate d that light i ng regime re versal advance d t he period o f  

e le vate d s e minal fruc t ose le ve ls ,  as see n i n  E xpe rime nt 5.  More ove r, 

s i nc e  this e ffe ct was c onfine d to the s h� operate d rams , it c ould be 

attribute d to pineal gland function in thes e  intact rams . 

Significant Lighting Re gime s x Operat i o ns  interact :l.ons for 

spermatoz oal c onc e nt rat ions and t otal numbe rs of spermat o z oa per 

e jaculate res ulte d from the higher me an leve ls i n  s e rr.e n  from s ham

ope rate d rams unde r Re verse d  light ing through out the whole s tudy pe riod, 

and from p i ne ale ct omiz e d  rams unde r the Normal light i ng regime during 

the f i nal five months . T he latte r  finding s upported a s imilar re s ult 

obtai ne d  from cranial cervical ganglione c t omized rams in Experime nt 1: .. 

Surpris ingly ,  there was no change i n  me an numbers of s pe rmat oz oa 

pe r e jac ulate in s e me n  from t he s ham-operate d rams under Normal 

lighting, as s ome e vide nce f or s e as onal c hange s in this parameter had 

bee n f ound in Experime nts 3 and 4. This dis parity may we ll have 

aris e n  from the diffe re nce in animal manage me nt proce dure s use d  in 

this and the earlier two experime nts . 

(2 ) Plasma Hormone Le ve ls 

( a ) lli• E le vate d  p lasma LH leve ls were re c orde d from all 

groups during Oc tobe r and Nove mbe r and probably represe nted a re s idual 



seasonal rhythm s imilar t o  that displaye d by graz ing rams (Expe rime nt 

3 ) ;  howe ver, the period of e levate d LH s e cre t ion was o f  much s horte r 

durat i o n  in Expe rime nt 6 .  

There was little concurre nce betwe e n  t he res u lts obtaine d  from 

pineale ct omized rams in this experiment , and from the cranial ce rvical 

ganglione ctomized rams in Expe rime nt 4 which displaye d  irre gular 

change s i n  plas ma LH leve ls . Als o, as i n  Expe riment 5,  there was 

little evide nce for the pronounced photoperiodicity of plasma LH le ve ls 

i n  rams reported by Fe llet ie r  and · Ortavant ( 1 975a ) and Linc oln (1 976a) .  
- -

Lack of significant effe c ts of treat me nts on plasma LH le ve ls 

may have re s ulte d from the ve ry low plas ma c oncentrations which were 

much l owe r than those rec orded in the c omparable s tudie s of Fe llet ie r  

( 1 971 ) , .Fe lletier and Ortavant ( 1 975�) and Linc oln ( 1 976�) . 

Differences be twe e n  the highe st and lowe s t  LH conce ntratiooo were 

s mall, making the de te ction of s tat is tically significant changes i n  

c o nc e ntrat ion unlike ly . S i nce castrate d rams have e levat e d  plasma 

LH le ve ls ( Fe llet ie r, 1 968 ) ,  they would be use ful experime ntal animals 

for this type of. re s e arc h, s i nce pro- or ant igonadotrophic e ffe ct s  of 

pine ale c t omy , or lighting tre at!J)3 nts , c o uld be studie d wit hout 

inte rfe re nce from ne gative fee dback by gonadal steroids . 

An anti gonadotrophic role for t he pine al gland in rams was 

sugge s te d  by the p lasma LH re s ult s ,  as the s ignific ant Lighting Re gin�s 

x Operat ions interact ion i ndicated that t he pineal gland of s ham-

operated rams inhibite d LH re le ase during incre as ing daily phot operi ods , 

alth ough not during de cre as ing photoperiods . In fact under de cre as i ng 

photoperi od c onditions plasma LH data from rams under Normal light ing 

sugge sted a progonadotro�hic role for the pineal gland. This 

poss ibility has als o be e n  raise d by re s e arch with rat s ,  in whic h  

pineale ct o� was followe d by a reduction in serum leve ls of both L H  

and FSH ( van Bronswi jk �t al. , 1 975 ) . E arly work i n  France indicate d 
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that pineale ct orey did not alte r the pituit ary LH conte nt o f  rams 

s ubje cte d to  e ithe r  incre as ing or de creas ing daily photope rlods ( J .  

Fe lle tier, pers onal c ommunication) , however much further rese arch 

will be re quire d t o  evaluate the re lati orohip be twe e n  res e arch bosod 

on pituitary hormone c o nte nt and experime nts such as the pre s e nt 

one in which periphe ral plasma hormone conc e ntrat ions were me as ure d. 

( b )  Testostero ne .  Plasma te s t os terone leve ls of sham-

operate d rams dis playe d marked seas onal patterns which we re s imilar 

t o  those obtained in Expe rime nt 5 •. C ontrol rams unde r Revers e d  

lighting had maximal plasma te stosterone leve ls from November t o  

February ,  c orre sponding with the Revers e d  light ing group i n  Expe rime nt 

5 which had e levated plasma te s t os terone leve ls in December whe n that 

e xperime nt was terminated.  Als o both the sham-operated rams unde r 

t he Normal light ing re gime in this experime nt and t he rams under 

Normal lighting in Experime nt 5, did not have e levate d plasma test ost-

e rone leve ls during this s�& pe riod. In the present experime nt ,  the 

sham- operate d rams unde r Normal lighti ng had peak plasma tes t os terone 

levels during February, March and April where a.:3 intact rams on pasture 

had s imilar pe aks  from January t o  March (Experime nt 3 ) . The s lightly 

later t iming of pe ak plasma te stosterone se cre tion in the pre s e nt 

s t udy could re fle ct differe nce s in experime ntal c onditions , s uch as the 

absence of te mperature changes in Expe rime nt 6 .  A s imilar finding 

has bee n reporte d from an experime nt in which red deer stags were 

placed in c ontrolled- light ing c onditions ( s ix-monthly phot operiodic 

cyc le ) : pe ak plasma tes tos terone leve ls oc curre d s ix  we eks later than 

was normal ( Pollock, 1 975 ) .  

Pine ale ct omized rams under both light ing regimes did not dis play 

aqy de finite seas onal pe ak of te stos terone se cret ion, whic h  s ugge s te d  

that the pine al gland i s  i n  fact a v ital organ i n  the me diation of the 

marked seas onal fluctuations in androge n production normally re c orde d 
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from rams . 

( c )  Prolact in. Plasma prolactin data re c orded from control 

animals in this experime nt exhibited a dire ct relationship with 

photoperiod. Similar results were rec orde d with intact rams in 

Chapte r V, with castrated  and intact rams by Fe lletier ( 1 973 ) ,  and 

with bull calves by Bourm and Tucker ( 1 975 ) .  On the other hand 

pineale ctomized rams showed a diminished prolactin res ponse to  

photoperiodic change s .  A s imilar finding, based on res ults from 

castrated male lambs subjecte d t o  s ixteen or e ight hours light pe r day, 

has be en re ported by Forbes ( 1 975 ) .  These findings demonstrated that 

the pineal gland has an important role in mediating the photoperiod 

change-induce d s e as onal fluctuat ions in prolactin secre tion of rams . 

Plasma prolactin data from Experiment 6 indicated that the 

pineal gland of rams was stimulat ory to prolactin re le ase during long 

daily photoperiods and inhibitory during s hort photoperiods . This 

conclus ion c oncurs with that reached in C hapter rl ( based on plas ma 

prolactin data from cranial cerv ical ganglionectomize d  rams in that 

experime nt, and from cranial cervical ganglionectomized goats (H. L. 

Buttle , pers onal communication) ) ,  that a maj or role of the pineal gland 

was inhibition of prolactin secretion during the winter months .  

T he mechanism by which the pineal gland influe nce d  prolactin 

re lease is not clear. It almcet �3rtainly involve s a c omplex 

interact ion with the e ffe ct of vhotope riod which might be clarifie d 

by carrying out an experiment in which blinde d as we ll as pine ale ct-· 

omized rarna are studie d. 

( 3 )  Autopsy Data 

All rams were k illed in May, whe n those under Normal light i ng  

should have been experiencing their autumnal peak of re productive 

activ ity and ass oc iated maximal reproductive organ we ights ( Lern� and 
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C orrivault, 1 973 ) .  This c onc lus ion was c onfirme d by the fact that , 

for most characteris t ics whic h may have re levance t o  reproductive 

function, the highe s t  values were rec orded from sham- ope rate d rams on 

Normal lighting and lowest value s  from sham- operate d ran:s on Reverse d 

lighting. Data from t he pine ale ctomize d  rams mostly were 

interme diate in value be twe e n  t he extreme values from the sham

operated rams and were little influe nce d by lighting re g ime s .  T his 

significant interac t i o n  sugge s te d  t hat the pineal gland c ould be 

s timulatory or inhibit o� t o  reproductive func tions acc ording t o  t he 

le ngth of t he photope riod; Hoffman and Re iter (1 966 ) re ache d  an 

ide nt ical c onc lus ion about s imilar findings in female hams ters . 

Thus the pine al gland appare ntly fulfils t he re quireme nts for an 

organ which c an synchronize t he re productive system of rams wit h  

seas onal c hange s in dayle ngt h .  

(4)  Ge neral dis cuss ion 

Autopsy data from sham-operate d rams under Normal light ing 

refle cted the pe ak value� for plas ma test os terone le ve ls and seme n  

quality rec orde d in t he few we eks prior t o  ki lling. This patte rn of 

changes indicate d t hat high leve ls of c irc ulat ing te s t os terone were 

�cc ompanied by incre as e d  gonadal activ ity and an as s oc iated improve me nt 

in se me n  quality. However, t his group of rams did not have higher 

value s t han the other groups for all variable s at the te rminat ion of 

the experime nt ,  notable exceptions be ing : e jac ulate v olume s ,  

s permat o z oal numbers a nd  conce ntrat ions , and plasma prolact in leve ls . 

T he re lat ions hip be twe e n  plasma LH and test os te rone leve ls was 

not as dire ct as might have be e n  expe c te d  from earlie r experire nts in 

this t he s is ,  or from previous re ports in t he literature (Galloway 

e t  al. , 1 974; Sanford �. , 1 974.£; Bremner et al . ,  1 976 ; Lee 

et al. , 1 976 ) .  This poor c orre lation be twe e n  the s e cre t a� patte rns 

for the s e  hormones may refle ct de fic ie ncies in the plasma s ampling 
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re gime . LH i s  se creted in a highly puls at ile manne r ( see C hapter 

VII ) ,  and information gai ne d  from s i ngle samples c o lle cted evetJr two 

we eks probably gives a poor indicat i on of the pattern of se c ret ion of 

this hormom . 

T he appare nt lack of as s oc iat i on be twe e n  plas ma prolac tin 

lev e ls and re product ive parame ters did not aid c larificat ion of the 

re product ive func t ion( s ) of this hormone in male s .  This re s ult 

might i ndic ate that prolac t i n  has no important role in t he c o ntrol of 

reproduct i on i n  rams , or that its ·e ffe c t s  ( on the gonads ) are not 

fully manife s te d  unt il s e veral months afte r t he ir e xpos ure t o  high 

circulat ing leve ls of this hormone . T his latter poss ibility m� als o 

apply t o  LH, plasma leve ls of which appe ar t o  have be e n  s uppre s se d  by 

the i ncre ase d ne gative fe e dback of te s t os terone by the t ime t hat 

re productive parameters re ach the ir maximal leve ls . The e ffe cts of 

t e s t os terone on prolact i n  s e cretion have not be e n  fully i nve s t igate d .  

Re s ults from the pre s e nt expe riment have shown that t he pineal 

gland is not s imply progonadotrophic . It was re adi ly appare nt t hat 

expos ure t o  reducing phot operiods s t imulated gonadal act iv ity more i n  

t he c ontrol r ams  than in the pine ale c t omize d rams . The pos s ibili� 

that the pineal gland may be progonadotrophic is not nove l (Re iter, 

1 974�) s ince pineale c t o� de pre s s e d  gonadal act ivity of female 

h� ters in certain c irc ums t ance s (Hoffman and Re ite r , .  1 966 ) ,  and 

re duced serum gonadotrophin leve ls i n  male rats (van Bro ns w i jk et al. 

1 975 ) .  Als o Fre nc h workers have s hown that me lat o nin inje c t ions 

rais e d  pituit� gonadotrophin leve ls i n  rats (T hieblot , Bert he l� 

and Blaise , 1 966 ) ,  a res ult whic h the authors claime d repre s e nte d  a 

pro gon a dotrophic role for this pineal h ormom . The pineal gland 

has bee n  re porte d to c ont ain large s t ores of GnRH (White e t  al. , 1 974) 

but it is not known whe t he r  this hormone was synthe s iz e d  de novo by 

t he gland, or mere � acc umulate d from other s ource s .  In e ithe r c ase , 
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s uch s t ore s c ould still re pres e nt an important s ource of GnRH act ivity. 

In co ntras t ,  the re s ults obtaine d during exposure of s ham

operate d and pine ale ctomize d r� t o  l o ng photoperiods , e s pe c ialJy in 

the Reve rs e d  li ght ing group near the e nd o f  this pro j e c t ,  have c le arly 

de mons trate d that the pine al gland is ant igonadotrophic in rams unde r 

such c ircums t ance s .  Although the antigonadotrophic properties of the 

pineal gland in various rode nt spe c ie s  have be e n  w ide ly ac ce pte d 

(Re ite r, 1 973�) , t his is the first re port of a s imilar function of t he 

gland i n  the ovine s pe c ie s .  

Very little re se arch has be e n  unde rtake n t o  invest igate the 

dire ct act ions of pineal princ iples on t he gonads , probably be cause 

of t he difficult ies inv olve d in des igning experiments to examine this 

poss ibility . However, Liu and Kins on ( 1 973 ) have re port e d  dire ct 

inhibit o�J e ffe ct s  of me lat o nin and s e rot o nin on rat tes t icle s .  T hus ,  

e ffe cts of pine al gland s e cre t ions at the leve l of the gonads c an not 

be rule d out in Expe rine nt 6 ,  e spe c ially in view of the fact t hat no 

ma j or c hanges in plasma LH leve ls were s e e n  in both groups of s ham

ope rat e d  rams, e ve n  de spite the wide variat ions in gonadal act ivity 

re c orde d  from t he s e  animals 

I t  is ge ne ral� acce pte d  that the pineal gland exerts it s ma jor 

i nflue nce on t he reproduc tive sys tem at the le ve l of the hypothalamus 

or t he anterior pituitary ( Re iter, 1 973�) . I n  vitro experime nts 

us i ng t is sue c ulture sys tems whic h c ontained b ovine anterior p ituitur,y 

a�or hypothalamic tissue i ndicated that the ant igonadotrophic act ivity 

of the pine al gland was e xe rt e d  principal� at the · leve l of the 

hypothalamus ( Haye s ,  Knight and Symi ngton, 1 974) .  I n  the c urre nt 

e xperime nt , de finitive c onc lus ions about the le ve l of act ion of t he 

pineal princ iples c ould not be made . This was part ly due t o  t he 

re lative ly s hort durat ion of the experime nt .  A longer s t udy of t he 

e ffe cts of pineale ot Oiey ,  i nv o lving a number of bre eding seM ons , may 
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have overc otre the proble m of distinguishi n g  bet \<·een r esi dual rhythms 

in plas ma LH leve ls and s ore of the se me n  dat a, and changes dire ct ly 

attributable to the light ing regime s . Als o a modificat ion o f  the 

plasma s ampling rout ine t o  prov ide a numbe r o f  ob.se z�at ions o n  a� 

one day might have overc ome a poss ible de fic ie ncy in Expe rime nt 6 .  

Furthermore , in v iew o f  the l ow plasma LH leve ls re c orde d, a 

modification of t he radioimmunoassay me t h od m� be ne ce ssary. 

In spite of these s hortc omings , this experire nt has s how n that 

rams require an i ntact pine al gland t o  dis play t he ir normal res ponse s 

t o  t he annual rhythmic fluctuat ions in daily photoperiod. 



C HAPI'ER VII 

FERI FHERAL PLASMA HORMONE LEVELS REC ORDED FROM PI NEALECT OMIZED OR 

SHAM-OFERATED RAMS SUBJECTED TO C ONl'RASTI NG  LIGli"TING REGI ME S  

1 .  I.Nl'RODUCT I ON 

Cons ide rable e vide nce publishe d in re ce nt ye ars has indicate d 

that in maey s pe c ie s  s ome h ormone s are re leased in a pul!Jat ile manne r, 

c ons e que ntly pe ripheral plasma c once ntrat ions of these hormo ne s  

undergo fre que nt a nd rapid fluctuat ions . 

Anterior pituitary s e cre tion of LH in rams has be e n  s hown t o  

be highly variable (Kat ongole , Naft olin and Short ,  1 974; Sanford 

et al. , 1 974,2,; Falvo et al. , 1 975 ) .  Likewise , os c illat ions in 

pe ripheral plasma c once ntrat ions of te s t oster o ne in rams have be e n  

re p orte d (Att al, 1 970; Kat o ngole , Naft olin and Short , 1 974; Purv is , 

I llius and Haynes , 1 974; Sanford e t  al. , 1 974�; Falv o e t  al. , 1 975 ) ,  

and it ha.s bee n as s uzoo d that t hese c hange s in te s t os terom 

c once ntration were the dire c t  res ult of alte rat ions in c irculating LH 

leve ls . Such a relat ionship betwe e n  LH and t e s t os terone s e cre t ion 

ha.s be e n  e s tablis he d  by s t udie s  which showed t hat testos terone pe aks 

a lways were pre ce ded by an LH pe ak (Kat ongole , Nafto lin a nd Short , 

1 974; Sanford e t  al. , 1 974,E) . Nom of the authors re fe rre d t o  above 

have s hown aey evide nce t o  s ugge st a c ircadian pattern of re le as e  for 

e ither hormone . 

Us ing plasma s amples c olle ct e d  at four hourly i nte rvals , Forbe s 

et al . ,  (1 975 ) re ported that prolactin levels o f  ram lambs s h owe d a 

s ignificant nocturnal rise . I n  c ontrast, Chamley et al. ( 1 974) 

found no e vide nce for a c irc adian pattern of se cret ion of t h is h ormone 

by adult rams . The latte r auth ors bas e d  the ir finding on two-hourly 
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" po o le d" blo od s ample s . C irc adian variations in plru� ma c ortis o l  le ve ls 

in rams have be e n  de s cribed by Holley, Beckman a nd Evans ( 1 975 )  and in 

ewes by McNatty, C as hmere and Young (1 972 ) .  

Thus it is like ly that i nformat ion obtained from s ingle b lood 

s ample s ,  take n at o ne  t ime during the . day, hM res tricte d  value as a 

me as ure  of the e ndocrine s t atus of rams . Wit h t his point i n  mind, 

t hre e  intens ive s t udies were c arrie d out to de te rmine the patterns of 

s e cre t ion of plasma hormones in the rams ut iliz e d  in Experime nt 6 .  

At the t ime that these experime nt s were planne d ,  Expe rime nt 6 

had not be e n  c omple te d s o  s amples c olle c t e d  in t hat experime nt had not 

be e n  as s aye d. Hence the e ffe cts of pineale ct omy, or light ing re gime s ,  

on t he secre t io n  o f  h ormones i n  rams , had not be e n  reveale d .  It was 

pos s ible that s uc h  treatme nts might h ave altered t he patterr>.s o f  hormone 

s e cre t ion, without changing the mean plasma c once ntrat ion at the morning 

s ampling time us e d  in Expe rime nt 6 .  

The only ev ide nce that pine ale ctomy might alte r diurnal h ormonal 

se cretion patterr� in s he e p  was that of Thurley, Gibb and Rus se ll ( 1 975 ) 

who pre sente d data which indicated that t he diurnal cortis ol rnythm 

tende d to be abolis he d in pinealectomize d ewe s .  No reports have be e n  

publis hed o n  t he e ffe c t s  o f  d iffere nt lighting regimes o n  t he plasma 

hormone profile s of rams . T hus Expe rime nts 7.1 , 7 .2 ,  and 7.3 we re  

d� s i gne d  t o  examine whe t he r  i t  was poss ible t o  de tect a ny  e ffe cts o f  

pine ale ctomy o r  daily phot operiod on t he patterns o f  reproduct ive 

hormone secre t ion i n  rams , in a se rie s of experime nt s in which plas ma 

s ample s were c olle cted at fre que nt i nte rvals for exte nde d periods of 

t ime .  

2 .  MATERIALS AND METHODS 

( 1 )  Animals a nd Experire ntal Pr oce dure 

In Expe rime nt 7.1  the expe rime ntal animals us e d  we re the rams on 
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the Normal lighting re gime of Experime nt 6.  Four rams were s ample d o n  

Novembe r 20, 1 974, and the re maining four rams were s ample d  on 

De cembe r  4, 1 974. On each occas ion two p i ne ale c t omi zed and two s ham-

ope rated rams we re s ample d and b lood was c olle cte d via i ndwe lling 

ve nous cannulae ( s e e  Chapter II)  eve� twe nty minutes for twe nty-s ix 

hours , c omme nc i ng at o6.oo h .  Oc casional blockages in the c annulae 

res ult e d  in a few s ample s not be ing c ol le cted. I n  Expe rime nt 7.2 all 

s ixte e n rams in Expe rime nt 6 were s ample d o n  March 3, 1 975, blood be ing 

c olle cted by ve ne puncture at 30 minute i ntervals for four hours c orr� nc-

ing at 1 3 .00 h. A s imilar procedure was adopte d for Experime nt 7.3,  

which was performe d on May 20,  1 975. Howe ver, in this study 

ve ne puncture blood s ample s we re colle cted at 30 minute intervals for 

six h ours c ommencing at 1 0.30 h. 

As disturbance t o  the rams was minimal, and no changes were made 

t o  the ir light ing and feeding routine , it was c ons idered that these 

ac ute s t udie s did not interfere with t he re s ults of Expe rime nt 6. 

( 2 )  Hormone Ass a·r Proce dure 

The particular interes t  in c ircadian hormone s e cre tion profiles ,  

which has appe are d i n  the fie ld of re product ive endocrinology was a 

stimulus to me as ure  a number of differe nt h ormones in the plasma 

samples obtaine d from Experiment 7.1 LH, prolactin, te s t osterone and 

c ort i s o l  were ass �e d  as de s cribe d in Chapt e r  II. LH . and prolactin 

orLcy- were me asure d  in s amples from Experime nts 7.2 and 7 .3 .  

(3 )  Stat is t ic al Analyse s  

Estimated values for the few mis s ing s amples we re calculate d as 

the mean of the pre ce ding and subse que nt s ample s .  

Hormone c o nce ntrations were transformed t o  the ir logarithm 

us i ng the re lat i onship : logarithm of x = 1 0  lo� 0( x + 1 . 1 ) 

where , x is hormom c once ntration i n  ng/ml 

plasma. 
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For e ach ram, tran.s fornl:!d value s we re progress ive ly 3 Wnmed i n  

numerical orde r o f  s ampling, t o  form a s er ies of c umulative tot alB . 

The gradient of this cumulat ive distribut i on agains t  t ime ,  which was 

t e s t e d  for line arity by ana�s is of variance , was us e d  as a variable 

in betwe e n-tre atme nt c ontras ts . I t  was c o ns idered t hat this gradie nt 

provide d a parame ter which re fle c t e d  hormone output more c ompre he ns-

ive ly than t he arithmetic me a n  of t he h ormone c once ntrat ions . Be twe e n-

group c omparis ons o f  the gradie nts o f  t he c umulative hormone 

distribut ions in the first s tudy we re pe rforrre d by Stude nt ' s  ' t '  test .  

I n  Expe rime nts 7.2  and 7.3 t re atme nt e ffe cts of lighting re gime s ,  

operat i ons , and the ir inte ract ion were examine d  us ing t he ort hogonal 

c oe fficie nt s  s h own be low : 

C ontrast Normal Lighting 

Sham
Operat e d  

Light ing Re gimes � 

Operat ions +1 

Lighting Re gimes +i 
x Operat i ons 

Pineal-
e ct omized 

+1 

-1 

-1 

Revers e d  Lighting 

Sham- Pine al-
Ope rated e ct omiz e d  

-1 -1 

+1 -1 

-1 +1 

Studie s on goats have s hmvn that v e ne puncture initially e levate s  

prolac t in leve ls which, i n  3 Ubse que nt s ample s ,  return t o  normal as the 

animals be c ome ac c ustome d  t o  this s tress ( Hart, 1 973 ) .  On t h is bas is , 

the prolact i n  data for the first s amples c ollected by v e ne punc ture in 

Experime nts 7 . 2  and 7.3 were exc luded from the s tat is t ical analyse s .  

3. RESULTS 

Expe rime nt 7.1 was de s igmd as a s t udy of t he normal patterns of 

s e c re t ion of LH, tes t oster one , prolactin and c ortis ol, and als o t o  

examine the e ffe cts o f  pine ale o t o� o n  t hese s e cre t or,y patte rns . 

All e ight rams exhibited a h ighly irre gular pat tern of plasma LH 

s e c re tion. ( See Figures 7.1  and 7.2 ) .  The s e  puls e s  occas ional� 
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raised plasma LH c onoe ntrat ions from bare ly dete ctable leve l.s t o  more 

than s ix  ng/ml in t he next twe nty-mi nute s ample . There wa� no 

c ircadian pat tern of distribut ion of the pulse s .  ?ineale c t omize d 

rams appe are d t o  produce m ore LH peaks , with highe r peak hormone 

leve ls , than did the sham-operated rams . Student ' s  ' t '  te s t  c onfirmed 

that the s lope s of the c um ulative LH d istribut ions for the pine ale c t om

ized rams were gre ate r than those for the s ham- operated animals (3 . 1 1 8  

� 1 . 776 , p < 0 . 05 ) .  ( See Figure 7.3  and Table 7.1 ) .  

Plas ma tes t os terone levels ( Figure s  7 . 4  and 7. 5 )  dis playe d a 

puls ati le pattern of se cre tion ve� s imilar t o  that of LH. Ma j or 

pe aks of tes tosterone c once ntration c orresponded with pulse s  of LH 

re le ase and e ach e le vation in tes t osterone leve ls us ually occurre d 

twe nty t o  forty minutes following an LH puls e . Tes tosterone peaks 

us ually exc e e ded 5 ng/ml. Again, as with LH, there was no indication 

of a c ircad ian pattern of testosterone s ecret ion. Pineale ct omized 

rams had an output of test osterone which was higher than t hat of s ham

operate d rams , howeve:.t ... c omparis on of the s lopes of the c umulat ive 

dis tribut ions indicat e d  that this difference jus t  failed t o  re ach 

s tat ist ical s ignificance (5 . 1 41 � 4. 00l�, p = 0 . 052 ) .  ( Se e Table 7.1  ) .  

In all rams plasma prolactin leve ls fluctuate d marke dly through

out the twe nty-six hour sampling period ( Figures 7.6 and 7.7 ) .  

�lthough t he s lopes of the cumulative prolact in distribut ions were not 

s ignificantly diffe re nt for t he  two groups (T able 7.1 ) ,
· 

a d istinct 

c ircadian pattern was dis played by t he s ham-operate d rams , but not by 

the pineale c t omized rams . T he c ircadian pattern re c orde d from c ontrol 

animals t o ok t he form of an e levation of plasma prolact i n  c oncentrati o ns ,  

c omme ncing i n  the ear� afternoon and reaching maximum values ( in 

exce s s  of 1 00 ng/ml) approximate ly  be twee n  20.00 h and 22 . 00 h; 

s ubsequently prolact in leve ls fe ll relat ive ly rapidly to reach low 

levels at about 24. 00  h. 
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Table  7 . 1  

Gradi ents of  Cumulative LH, Testosterone , Prolactin and Cort i s o l  Distr ibuti ons Rec orded from Plasma Samples  Co l le cted 
over 26 hours from I ndividual Sham-operated or Pinea lectomiz ed Rams . 

Log LH Log Testost erone Log Pro lac t in · Log Cort i s o l  

4 . 045  5 . 439  1 3 . 66 27 . 32 

Pinealectomized 
3 . 3 88 4 . 003 1 7 . 29 36 . 3 5  
2 , 808 5 . 009 1 5 . 26 1 9 . 47 
2 . 23 0  6 . 1 1 4  1 4 . 2 5 22 . 40 

Mean+S .E . 3 . 1 1 8+0 . 067 5 • 1 4 1,:±:0 • 442 1 5 .  1 2,:±:0 . 1 5 26 . 39+1 . 1 0  

1 . 689 3 . 9 3 5  1 7 . 67 22 . 27 

Sham-operated 
1 . 48 1  3 . 609 1 5 .  91 23 .97  
1 . 989 4 . 3 1 2 1 7 . 1 8  3 1  • 1 1  
1 . 944 4 . 1 5 8  1 6 . 26 3 0 . 92 

Mean+S . E .  1 . 776,:±:0 . 023  4 . 004,:±:0 . 1 52 1 6 . 76+0 . 1 0 27 . 07+0 . 7 1  

.16 3 . 298* 2 . 432+ -0 . 1 26 -0 . 1 56 

( + p = 0 . 05 2 ) 1\) \Jl ....0 
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All rams exhibited a c ort isol secretion pattern which appe&-cd 

as a se quence of peaks, most of which had a duration of approximately 

ore hour, and maximum values of about 7 ng/ml. ( See Figur"es 7. 8 and 

7.9 ) .  However, much larger penk.'3 ( s ome higher than 30 ng/ml ) were 

rec orded, part icularly be twe e n  07. 00 h and 1 4. 00 h. J?eaks of this 

type were evident in three of the four s ham-operated rams ( Nos . 48, 

58 and 59 ) ,  and, to a lesser extent, in two of the pine ale ct omize d 

ram3 ( Nos . 47 and 51 ) .  There were ,  however, no s ignificant differences 

betwee n  the s lopes of the cumulative cortis ol distributions for the 

two groups of rams (Table 7.1  ) .  Two o f  the raffi3 ( Nos . 47 and 50) 

displ�ed a large c ortis ol peak at about 22.30 h. This might have bee n  

a stress effect, s ince these two rams were in adjace nt crates .  

Experiment 7 . 2  was carried out with several aims i n  mind 

firstly to determine whether the effe cts of pinealect o� on LH 

secretion, which were revealed in Experiment 7.1 , c ould be detected in 

a shorter term experiment ; secondly to  see whether these effects of 

pine alecto� were appare nt later in the year; and thirdly to  

investigate possible effects of  lighting regimes on  LH and prolactin 

secretion. 

Very few peaks of LH secretion were recorded from any of the 

rams and, in the case of pinealectomized rams under Normal lighting, 

there were no peaks at all. ( See Figure 7.1 0 ) .  In the analysis of 

variance of LH data, none of the treatment contrasts were s ignificant ,, 

(Tables 7.2  and 7.3 ) .  

Individual rams showed quite c ons iderable variat ions i n  plasma 

prolactin levels, and nine out of the s ixteen had elevated levels at 

the i nitial sampling. presumab� as a res ult of the venepuncture 

sampling procedure . Pinealectomized rams under both lighting regimes 

had a higher output of prolactin than did sham-operated rams ( p  < 0.05 ) .  

(See Figure 7.1 1 and Tables 7.2 and 7.3 ) .  Lighting regimes had no 
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Tab l e  7 . 2 

Grad i ents of  Cumulat ive LH and Pro la c t i n  Di s t r i but ions Re c o rded f rom 
Plasma Samp l e s  C o l l e cted o ver 4 hours from I nd i vidual Sham-operated or 

Pineal cctomized Rams on Contrast ing Ligh t i ng Reg imes . 

Log LH Log Pro lactin  

Norma l Lighting Regime 
2 . 1 02 1 4 . 27 

Sham-operated 2 . 294  1 4 . 70 
1 . 452  1 1  . 40 
1 . 1 1 5 1 5 . 1 7  

Nean+S . E .  1 . 74 1 ,:t0 . 276 1 3 o89,:t0 . 85  

1 . 04 1  1 9 . 4 1  

Pineal e ctom i zed 1 . 090 1 7 . 00 
1 . 3 1 3 20 . 3 5  
•J . 769 1 9 . 06 

Mean+S . E .  1 . 3 03,:!0 . 1 66 1 8 • 9 6 .±0 . 7 1  

Revers ed Light ing Regime 
0 . 89 5  1 6 . 48 

Sham-operated 1 . 979 1 4 . 2 5  
0 . 83 ·1 1 2 . 70 
2 . 722  1 8 . 00 

Mean+S . E .  1 . 620,:t0 . 448 1 5 . 36,:t1 . 1 7  

2 . 1 80 1 7 . 42 

Pineal e c tomized 0 . 900 1 7 . 75 
0 . 83 4  20 . 50 
3 . 504 1 7 . 9 1  

Mean+S . E .  1 . 85 4,:!0 . 6 3 1  1 8 . 39_±0 . 7 1  



Tabl e  7 . 3  

Summary o f  Analys es  of Var ianc e for LH and Pro lactin Data Pre s ented in Tabl e  7 . 2 .  

Sour c e  of Variation D . F .  Var iance Ratios  

LH Pro lactin 

Light ing Regimes 0 . 26 0 . 27 

Operati ons 0 . 06 2 1 . 20*** 

Lighting Regimes x Operations 0 . 64 1 . 3 3  

Res idual Mean Square 1 2  0 . 70 3 . 1 0  

C\) 0'\ � 
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s i gnificant e ffe ct o n  me an plasma prolac tin leve ls . 

As t he LH data for plas ma s amples c olle cted ovo r a four hour 

period in Expe rime nt 7.2  was inc onclU3 ive , a f urther s hort-term s tudy 

(Experime nt 7 .3 )  was undertake n to examine the e ffe c t s  of pineale cto� 

and lighting regime s o n  LH and prolactin product ion rate s .  In this 

experime nt, howeve r, t he s ampling period was exte nde d t o  s ix h ours . 

Plas ma LH c once ntrations from indiv idual rams again indicate d 

a puls atile re le as e  of this hormone w ith mos t atrlmals dis pl�ing one 

or more pe aks of LH se cre t ion. Howe ve r, the s ham-ope rate d rama on 

the Normal light ing regime were an exception in that the ir plasma LH 

leve ls c hanged little during the s t udy ( Figure 7 . 1 2 ) .  Analys is o f  

variance o f  the gradie nts o f  t he c umulative LH d istribut ions reve ale d 

t hat the rams on Reversed light i ng  had a h igher me an leve l of LH 

output than those on normal lighting ( p  < 0.05 ) .  ( Se e  Table s 7.4 and 

7 . 5 ) .  

Pine ale c t omize d rams te nde d t o  have higher me an leve ls o f  LH 

product io n  t hat did the s ham-operate d  animals , but in t he analysis of 

variance t his differe nce faile d t o  reach s ignificance (p = 0.052 ) .  

I n  �Aperime nt 7.3 (Figure 7. 1 3 )  individual rams again had 

marke dly variable plasma leve ls of prolactin, and thirtee n of the 

s ixtee n  rams had e le vate d leve ls at t he first s ampling. Analys is o f  

v ariance of t he gradie nts o f  the c umulative pro lactin - distr ibut ions 

(Tables 7.4 and 7.5 )  indicate d that the output of prolac t in was 

higher in pine ale c t omize d rams than in sham-operated r ama ,  whils t  both 

groups s ubje cted to Reversed lighting appare ntly had higher prolact i n  

produc tion rates t han those under Normal light i ng .  However, 

inspe ction of Figure 7.1 3 and the c umulat ive d istribution data (Table 

7 .4)  indic ated t hat both of the s e  s ignificant results c ould be 

misleading as they occurred v irtually e ntire ly as a res ult of the low 

rate of prolact in output from the s ham- operate d rams on the Normal 
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Table  7 . 4  

Gradi ents of Cumulat ive LH and Pro lac tin  Distributions Rec orded from 
Plasma S amples  C o l l e c ted over 6 hours from I nd ividua l Sham-operated or 

Pinealect omized Rams on  Contras t ing Light ing Regimes . 

Log LH Log Pro lactin 

Norma l Lighting Regime 
1 . 1 79 1 6 . 5 5  

S ham-operated 0 . 622  1 8 . 9 5  
1 . 22 5  1 7 . 3 8  
0 . 736  1 5 .8 5  

Mean+S . E .  0 . 940_±0 . 1 5 3  1 7  . 1 8.±0 . 67 

2 . 8 1 5 24 . 1 2  

Pinealectomi z ed 0 . 97 1  2 1  . 04  
1 . 8 5 1  26 . 3 5  
1 . 644 21 . 66  

Mea n+S . E .  1 . 820_±0 . 38 1  23 . 29+"1 . 22  

Rever s ed Lighting Regime 
1 .  564 2 5 . 37 

Sham-operated 2 . 763 2 5 . 0 1  
1 . 9 5 6  2 5 . 44 
1 . 2 3 5  2 3 . 83 

Mean+S . E . 1 . 880_±0 . 329  2 4 . 9 1_±0 . 37 

1 . 707 2 1  . 69 

Pineal ec tomiz ed 
1 . 838  2 5 . 5 4 
2 .797 2 5 . 6 9  
3 . 227 2 2 . 7 5  

Mean+S . E .  2 . 392_±0 . 369  2 3 . 92_±1 . 00 



Tabl e  7 . 5  

Summary o f  Analys es  of Var ianc e for LH and Pro lactin Data Presented in Table  7 . 4 .  

Source  o f  Variation D . F .  Variance Ratios  

LH Pro lactin 

Lighting Regimes 5 . 53*  22 .74*** 

Operati ons 4 . 69+ 8 . 52* 

Lighting Regimes x Operati ons 1 0 . 30 1 6 . 44** 

Res idual Mean Square 1 2  0 . 4 1  3 . 07 

( + p = 0 . 052) 

----

(\) 0'\ 
\.{) 



lighting regime . This conclus ion was c onfirrood by t he highly 

s ig nificant Light ing Regime s  x Operat ions interaction. 

4. DISCUSSION 

( 1 ) LH 
-

Hie;hly pulsatile patterns of LH re lease in rams have be e n  
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des cribed in seve ral earlie r reports ( Bolt , 1 971 ;  Kat ongole , Naftolin 

Short . 1 974; Sanford et al. , 1 974�; Falvo et al. , 1 975 ) but t he 

pnys iological s ig1uficance of this type of secretory pattern is not 

c le ar. It is p oss ible that LH re spons ive tissues re quire a digital 

rathe r than an analogue c ontrol, s uc h  that they re spond to hormone 

pulse fre que ncy rather t han to abs olute c once ntrations of the 

gonadotrophin. On the othe r hand, t he rapid incre as e in peripheral 

c once ntrat ions of LH which follows s uc h  pulses,  could re prese nt a 

me ans for mome ntarily s at urating binding s ites on re capt or tissues,  

thereby obv iating t he need for constant production of large amounts 

of the hormone . 

I ns pe ct io n  of the re c ords of LH output for individual rams 

( Figures 7.1  and 7.2 )  reve ale d that most of t he se cretory pulses 

·caus e d  conce ntrations to ris e very steeply but t o  de clim i n  an 

exponential fashion. A s imilar pattern was seen in t he data pre sented 

by Sanford e t  al. ( 1 974�) who took blo od samples at twe nty minute 

intervals als o .  This finding s ugge s te d  that the anterior p ituitary 

re le ase s LH in pulses and t hat be twe e n  e ach pulse ,. little or no 

further se cret ion takes place . 

It was estimated that ma� of the higher peaks in t he present 

study fe ll t o  fifty per cent of the ir pe ak value in approx imate ly 

t hirty minute s .  Similar or s lightly lower figures could be e s t imated 

by inspe ction of the data of Sanford et al. ( 1 974�) . T his half- lifo 

of approximate ly thirty minutes is s imilar t o  that reported by 



Butler et  al. ( 1 972 ) and by Geschwind ( 1 972 ) for ovino LH in ewes . 

The fact  that this figure was fairly constant for secretory peaks 

with a wide range of heights gave further support t o  Geschwind' s 

( 1 972 ) concept that a basal level of LH secretion does  not occur 

betwe e n  secretory phases . A half-life of this duration indicates 

that the sampling interval of twe nty minutes used in the present 
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study would e nable detection of  every LH pulse during the observat ion 

period, even if not allovdng measurement of absolute peak values .  

AB noted in the previous reports mentioned above , there was 

no evidence for a circadian pattern of LH release in the present 

study. It is interesting to  note that no circadian rhythm 

occurred in the output of a hormone which shows annual secretory 

fluctuations (Chapter III and Hochereau-de Reviers, Loir and 

Felletier ( 1 976 )) which presumably are caused Qy seas onal changes in 

daily �hotoperiod. 

Steeper s lope s  for the cumulative lli distributions in pineal-

ectomized rams indicated that these rams had a greater output of LH 

than the sham-operated animals . This result was in accord with the 

wide ly accepted be lief that the pineal gland has an antigo��dotrophic 

role (Kappers, 1 969; Reiter, 1 973b ) . 
-

Previous workers have 

demonstrated antigonadotrophic properties  of sheep pineal glands in 

in vitro syste·ms ( Citharel et  al. , 1 972 ) , but this is the first report 

which has presented direct evidence that the sheep pineal gland 

probab� has a true antigonadotrophic function. 

A similar tendency for the pinealeotomized rams to  have e levated 

LH levels waa recorded in Experizoont 7 . 3 .  However, in  the analysis 

of variance this result just failed to reach s ignificance , probab� 

because the sham-operated rams on the Reversed lighting regime were 

subje cted to a long daily photoperiod, which in turn caused a 

stimulation of LH secretion such as recorded in Experiment 3 .  
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Lit tle importance is attache d t o  the fact that in Experime nt 7.2  

me an LH levels were not e levate d i n  the pine alectomized rams . This is 

a res ult which may be interpre ted as c o ntradictory t o  those obtai. ne d  in 

the other experime nts in this chapter. More like ly, however, it was a 

spurious res ult which arose due t o  the blood s ampling pe riod be ing t oo 

short and coinciding with a tiroo in which the pine ale ct omized rams 

experie nce d  virtually nooo of the randomly occurring s pikes of LH 

se cre tion. Als o it was poss ible that s eas onal change s modified betwe e n

operati on differe nces t o  the exte nt that the e ffe cts of pineale cto� 

were appare nt only at particular t irre s  of the ye ar. 

The s ignific a nt Lighting Re gimes x Operations interaction s e e n  

in Experiment 7.3 indicated that pineale c t omized rams c o ntinue d t o  

display seas onal changes in LH se cret ion, eve n i n  the abse nce o f  a 

pineal gland. This finding may have res ulted from the pre s e nce of 

res idual seas onal rhythm3 s imilar to those which Herbert (1 972 ) 

c laime d pers iste d  in ferre ts unt il the s e c ond year after pine ale cto�. 

The e ffects of the two differe nt lighting regime s were not 

examine d in Experirre nt 7.1 , while in Expe rime nt 7.2 light ing regimes 

had no e ffect on LH se cretion. Again this latter res ult may mere � 

have re flected t he s hort period of blood s ampling. More pertine nt 

was the fact that the t ime of s ampling was close to the e quinox in 

both regime s ,  at which t ime little or no difference in .LH output was 

expected. For example in an e arlier s t udy (Experiment 3 )  rams on 

pasture displayed a s e as onal pattern of plas ma LH leve ls which 

indicated that highest LH leve ls were ass oc iated with t he longes t  

daily phot operiods . This e ffe ct of phot operiod was c onfirme d in 

Experime nt 7.3 in which the LH output of rams on Reversed light ing \vas 

higher than for t hose on Normal light ing. However these res ults 

c ontrast sharply with those of Fe lletier and Ortavant ( 1 975�) and 

Linc oln (1 976�) , in which highest plasma LH leve ls were ass oc iate d 
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with de cre as ing daily photoperiods . This dis parity in re s ults 

undoubtedly was attributable mainly to the photoper iodic cyc le s  us e d  

by Pe lle tier and Ortavant ( 6  months cycle le ngth, 8 h amplitude ) a nd  

Linc o ln ( abrupt change in daily phot operiod from 1 8 h t o  8 h) , which 

were vas t ly  d iffere nt fro:n those us e d  in Expe rirre nt 6 .  

I n  Experime nts 5 and 6 lighti ng re gimes had little e ffe c t  o n  

plasma L H  levels ; this res ult may reflect t he inade quacy of the blood 

s ampling regimes used in t hose parti c ular expe rime nts . C olle ct ively, 

t he re s ults of the experime nt s  de s cr ibed in this and e arlie r  c hapters 

c an be interpreted as e mphas iz ing t he fact t hat expe rime nt s inv olving 

c ol le c t ion of s ingle plasma s ample s or multiple s amp le s over a s hort 

period of t ime  ( e . g. E xperiments 7.2  and 7.3 ) , will not reveal the 

fUll exte nt of the e ffe cts of pine a lecto� or light ing re g ime s ,  on LH 

s e cre t ion patte rns . T hese e ffe ct s  probably will only be e lucidated 

by expe riments whic h inc orporate : plasma s ampling re g imes s imilar t o  

t hat use d i n  Experime nt 7.1 ; with s amplings of this type at mont hly 

intervals t hr oughout the ye ar ;  and which ut i lize animals which have 

be e n  expose d  to the ir v arious light ing re gime s  for an exte nde d period 

of time pri or to c omme nc ing s ample c ollection, in orde r that re s idual 

s e as o nal rhythms m� be abolis hed. 

( 2 )  Te s t os te rore 

Fluc tuations in plasma te s t osterone leve ls re c orded throughout 

twe nty-s ix hours from rams in Expe rime nt 7.1  resembled s imilar patterns 

of s e cre t ion reporte d by earlier w orke rs ( Kat ongole , Naft olin and Short, 

1 974; Purv i s ,  Illius and Haynes ,  1 974; Sanford et al. , 1 974�) 

Furthermore , elevat ions in plasma tes t oste rone following LH pul s e s  in 

the se rams were cons is tent with the res ults of previous s t udie s in 

which b oth LH and tes t osterone were me as ure d  ( Kat ongole , Naft olin and 

Short, 1 974; Sanford et al . ,  1 974� . T he twe nty t o  forty minute 

interval between LH pulses and the s ubseque nt pe ak in plas ma 
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te s t osterone levels re c orde d in those two papers and in the pre s e nt 

s tudie s ,  c onfirred s imilar re s ults obtained by Bremner e t  al. ( 1 976 ) 

and Lee et al. ( 1 976 ) following G nRH  adminis tration t o  rams . On 

the other hand Gallow� e t  al. (1 974)  recorded a s imultane ous 

e le vat i o n  i n  plasma leve ls of both hormones foll�Ning GnRH injection, 

however t his unus ual res ult � have re sulte d from the large doses of 

re leas ing hormone used by these workers in c omparison to the studie s 

reporte d  above. 

None of the res e arch me nt ioned above , inc luding t he pre se nt 

experiments, revealed a� evide nce for the pres e nce o f  a c ircadian 

pattern of testosterone se cre t i on, nor did other s t udie s in v1hic h ram 

plasma was s ampled at le s s  fre q ue nt i ntervals (Attal, 1 970 ; Falvo 

e t  al. , 1 975 ) .  I n  v iew of the abs e nce of an LH rhythm o f  this type , 

t his re s ult was antic ipated. 

The t e s t osterone output of pine ale c t omized rams was almost 

s ignific ant ly higher than that of s ham-operated rams , a re s ult which 

undoubte dly was re late d dire ctly t o  t he differe nce in LH output 

be twe e n  t he two groups . A separate experime nt would be re quired to 

de termine whether these differe nce s  were due to an e ffe c t  of pineal 

gland activity on LH re le ase per se, or on the s e ns itivity of LH 

re lease to testosterone feedback. T he fact that fortnightly plasma 

te stosterone levels re c orde d  during November and December (Experiment 

6 )  did not reveal any differe nce s betwe e n  t he two groups of rams (o . 68 

.± 0.23 � 0.94 .! 0.33 ng/ml ; t1 4 = 1 . 690, n. s . ) , again indicated the 

ne e d  t o  perform a numbe r of studies s imilar t o  Experiment 7.1 , at 

v arious time s throughout the year. 

(3 ) Prolac t in 

S ham-operated rams in Experim nt 7.1  d is played c ons is te nt 

nocturnal increases in plasma prolactin c once ntrat ions . S imilar 
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nocturnal e le vations have be e n  recorded by Forbes et  al. ( 1 975 ) from 

castrated male lambs, and by Dav is and Borger (1 974) from ovariect-

omi zed ewe s .  I n  contrast,  other workers have failed t o  detect 

c ircadian patterns of prolactin release in e ntire rams (C hamley et al. , 

1 974) and vasectomized ra�� (Davis and Borger, 1 973 ; S . L. Dav is ,  

pers o nal c ommunicat ion) . However Chamley e t  al. ( 1 971 .. ) , meas ured 

prolactin levels in " poole d" two-hourly samples , s o  they c ould have 

failed to  dete ct short pe aks of prolact in re lease ; als o pres umably 

they had no c o ntrol over poss ible · de gradation or loss of 

immunoreactivity of the hormone during each two-hour collection 

period. Also Davis and Borger ( 1 973 ) may have c onducted the ir s tudy 

at a t ime of the ye ar whe n c ircadian patterns of prolactin release 

did not occur; more over blood s ampling was performe d only two weeks 

afte r placement of the animals in metabolism crates , so the ram3 may 

not have be c ome accustomed to  the ir surroundings whe n the experime nt s  

were carried out .  

The nocturnal rise i n  plasma prolactin leve ls shown by sham

operated rams in Experiment 7.1 c ould not be attributed t o  fee ding or 

stress • Although its onset was during the early afternoon, it 

appe ared t o  increase s harply at about the time that the lights were 

switche d  off ( 1 9.30 h) . The appare nt relationship betwe e n  the rise 

in prolac tin leve ls and the chc:.ng::: from light t o  dark.ne ss  may have 

inv olved an alterat ion in pineal gland activity in res ponse t o  the 

change in inte ns ity of photic s t imulat ion of the eye s .  Although the 

poss ibility of pineal g land involveme nt in this me chanism is 

spe c ulat ive,  the fact that this nocturnal e levat ion of plasma 

prolactin leve ls appe ared to be abolished in pine alectomized rams 

provided s trong s upport for the idea. 

It is poss ible that the prolactin secre tion patterns of the 

two groups of rams might have bee n  prove n to  be s ignificantly 
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diffe re nt if a more appropriate statis tical test had bee n  applied. 

The technique of fitt ing a linear re gre ss i on to t he cumulative 

output probably was inade quate for de te ct io n of the type of noc t urnal 

prolac t in pe ak dis playe d by t he s ham- ope rated rams . This s h ort

c oming may have be e n  ove rc ome by fitt ing polynomial expre s s ions t o  

t he logarithms of the hormone c once ntrations ,  or by performing non

parame tric analyses ,  although this latter technique us ual ly re quire s 

large r numbers of differe nt observat ions t o  show significant 

differences .  As the data has been ins pe c ted, it w ould be 

inappropriate t o  apply furthe r  tests o f  s ignificance in the analys is 

of these data. 

In Experire nt 6, the pineal gland was s hown to be inv o lve d in 

the prolactin response to c hanging daily photope riod, as the respo��e 

was diminished in pineale ctomized rams . The poss ible involveme nt 

of the pineal g land in t he prolactin response t o  diurnal light-dark 

c hange s  prov ide d evidence that the pineal gland influe nces the e ffe cts 

of both short term ( daily ) and long term ( seas onal ) c hange s in phot o

per iod on ne uroe ndocrine me chanisms in rams . 

There did not appe ar to  be any as s ociat ion betwe e n the plasma 

LH and prolact in leve ls rec orded in Experiment 7.1 . Likewise , 

s imilar disso c iations be twee n  LH and prolactin se c re t io n  patterns have 

bee n  observed in ewes (Butle r  et al. , 1 972 ; Fell et al. , 1 972 ) and 

in me n  ( McNe illy et al. , 1 974) .  Als o, peaks of prolactin re lease i n  

bulls did not coincide with serum tes tosterone pe aks  ( Smith e t  al. , 

1 973 ) .  Thus the reproductive s ignific ance , if any, of a nocturnal 

pe ak of prolactin secretion in rams is difficult t o  assess . 

The e ffects of stress ,  including s t re s s  of ve ne puncture , on 

prolactin release in ruminants have bee n reported by a number of 

authors (Johke , 1 969 ; Raud, Kidqy and Odell, 1 971 ; Butler et al. , 

1 972 ; Hart , 1 973 ) .  I n  all cases , stress e levated plasma prolact i n  
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le ve ls . Te mporary e le vat ion o f  plasma pro lac tin leve ls was s hown by 

maey of the rams s t udie d i n  Expe rime nt s 7.2 and 7.3 a nd indicate d that 

c aut io n  must be exercis e d  whe n c omparing the re s ults of e xperime nt s  i n  

wh ic h blood was c olle cted by ve ne punc t ure w ith th ose i n  which 

i ndwe lling cannulae were us e d .  Als o ,  it mus t be re c ognise d t hat 

d i ffe re nce s in plasma prolac tin le ve ls be twe e n  groups of rams s t ud ie d  

i n  t his the s is ( e x c e pt Expe r ime nt 7. 1 ) may re fle ct d i ffere nce s  i n  

re s ponse t o  the s t re s s  of ve ne punc t ure ,  rather than d i ffe re nce s  i n  the 

h ormone le ve ls i n  undis turbe d animals . Howe ve r, s t re s s  e ffe cts c o uld 

not have acc ounte d for diffe re nce s in se as onal or daily patte rns o f  

pro lac t i n  secre t io n  be twe e n  the various groups o f  rams , as s uc h  

patte rns were de pe nde nt o n  re lative c hange s i n  hormone leve ls rather 

t han on diffe re nce s in abso lute c once ntrat ions . Ne verthe le s s ,  it is 

probably be tter t o  stuqy pro lactin le ve ls in s he e p  whic h have bee n 

c annulated on t he day be fore s ampling ( Forbe s e t  al. , 1 975 ) .  

I n  Experime nt 7.2 ,  highe r prolact in output o f  pire ale c t omi z e d  

r am s  unde r both light i ng re gimes re fle c te d the ge neral pattern o f  

differe nces betwe e n  t he groups s hown i n  e arly Marc h i n  Expe rim::mt 6.  

I n  that expe rime nt pineale c t omiz e d  rams maintained re lat ive ly high and 

c ons tant plasma pr olactin le ve ls t hroughout t he whole ni ne months . 

On t he other hand sham-ope rate d rams under Normal l i ght ing s howe d 

diminishing plasma prolac tin c once ntrat ions and those on the Reve rse d  

light ing re g ime had incre as ing leve ls of this hormone . The s e  prev i ous 

obs e rv at ions ac c ount for the pres e nt res ults from s ham-operate d rams , 

inc luding the low prolact i n  leve ls re c orded from those on t he Normal 

light i ng tre atme nt . 

Re s ults from Expe rirre nt 7.3 c onfirzre d those of Pe lle t ie r  ( 1 973 ) 

and t hose o f  Expe rime nt 6 which s h owe d t hat plasma prolac t i n  leve ls 

we re re duce d  i n  rams e xpos e d  to s horte ne d  daily phot ope riods . T his 

c onc lus ion was indic ate d by t he lowe re d prolact in output re c orde d 
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from s ham-operate d rams on Normal lighting in May . No s imilar 

de pre s s i o n  of pro lact i n  output o c c urre d in pineale ctomize d rams on 

Normal light ing; t his re sult prov ide d further e v ide nce t hat the pineal 

gland influe nce s the e ffe cts o f  s e as onal c hange s in ph ot ope riod on 

pr olactin s e c re t ion by rams .  A longe r s ampling pe ri od would have bee n 

re quire d t o  de termine whe ther the s ugge s t i on of an afte rno o n  rise in 

plasma prolact in leve ls in pine a le ct omized rams re s e mble d  t hat 

re c orde d from s ham-ope rated rams over a twe nty- s ix hour pe r i od 

(Experime nt 7.1 ) . A c ircadian patte rn of pr o lact in se c re t ion by 

pi ne ale c t omize d rams would be difficult to explain, as t he e v ide nce 

from Experiments 6, 7. 1  and 7.2 indicated t hat seas onal, and probably 

c ircadian, patterns of prolact in s e cre t ion we re abolis he d  in pine al

e c t omize d rams , be c ause the pine al gland diminished e ndocrine re s ponse s 

t o  c hanging light s t imuli. A c hange in s us c e ptibility of pine al-

e ct omiz e d  rams to s tre s s  of ve ne puncture c ould explain a r ise in plasma 

prolac t i n  leve ls , but there was no indicat i o n  of a s imi lar c hange i n  

Experime nt 7.2 .  Although it i s  probable t hat the afternoon prolactin 

e le vati o n  was a random eve nt ,  a longer-durat i on study us i ng indwe lling 

cannulae for b lood sampling would be ne ce s s ary to c larify t his point . 

(4) C ortis o l  

It is as s ume d  that t he puls atile pattern of c ortis o l  se cre t io n  

re c orde d in Experime nt 7.1 re fle cte d t he pat tern of ACTH s e cre t ion by 

the ant e rior pituitary. T he i ndicat ion of a diurnal pattern of 

c ortis o l  s e cre t ion, w ith e levate d leve ls during the morning daylight 

hours , c onfirme d s imilar findings in intact ( McNat ty, C as hmere and 

Young, 1 972 ) and ovarie ct omize d e we s  (But ler e t  al. , 1 972 ) .  A 

s light ly diffe re nt diurnal pat tern in rams was re ported by Holley, 

Beckman and Evans (1 975 ) ,  who found om pe ak at 1 6 . 00 h and a s e c ond 

smaller pe ak at approximate ly 04. 00 h. T he se authors s ugge s te d  that 
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the 1 6 . 00 h pe ak may have re s ulte d  from the animals be i ng fe d at t hat 

t ime e ac h  day . Disturbance of the rams during feeding and c le aning 

ope rat ions may have c o ntribut e d  to t he morning pe ak  of c ort i s o l  leve ls 

s e e n  in t he pre s e nt expe riment .  A s imi lar e xplanat ion c ould not 

acc ount for the re s ults of McN.:ttty , C as hmere and Young ( 1 972 ) ,  whose 

animals were fe d ad libitum ;  howe ve r the s e  authors did not s tate whe n 

c leaning operations we re pe rforme d .  

Two o f  the four pineale c t omize d rams ( Nos . 54 and 63 ) s howe d 

c ort isol s e c re t ion patter ns which indicate d that pine ale c t omy 

abolishe d the normal diurnal pattern of s e c re tion. A s imilar, but 

als o inc o nc lus ive t re nd was re c orde d from ewe s by Thurley ,  Gibb and 

Rus s e ll ( 1 975 ) .  Alth ough it has be e n  re ported that the pineal gland 

may s uppre s n  adre nal c ortical func t ion in rat s ( De fronz o and Roth, 1 972 ) 

and mice ( Dickson and Hasty, 1 972 ) , there is i ns uffic ie nt  e v ide nce 

available t o  support aey s ugge s t i o n  of a link be twe e n  pine al gland and 

adre nal c ortex func t i o n  in she ep .  C o ghlan e t  a l .  ( 1 960 ) found that 

pil".eale ct ozey did not appe ar to alter e le c trolyte balance in two s alt

deple te d  e we s ,  which indicated that t he pine a l  gland at le as t  did not 

i nflue nce mineraloc ort ic oid s e cretion by the adre nal c orte x .  

Further studie s ,  s imilar t o  Expe rime nt 7.1 , would be re quire d 

to inve s t igate poss ible pine al-adre nal c ortex links in de tail, but s uch 

e xperime nts would be of only peripheral interes t  to the _  s tudy of 

re produc t ive e ndocrinology. 

( 5 )  Ge ne ral Dis cus s ion 

Hormone se cre t ion profile s s tudie d in the experime nts de s cribed 

in this c hapter have de mons t rate d that the anterior pituit � of rams 

re leas e s  hormones in a highly pulsat ile manner. It j_s diffic ult t o  s a:y  

whether t his re flects : a dy namic and highly v ariable pattern of 

c ontrol from the hypothalamus ; a c ons tant re verberat ion betwe e n  

hormone se cretion and ne gative fee dback; o r  t he c ombined e ffe c t s  of 
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b oth type 3 of c ontrol. The inde pe nde nt fluctuat ions in pla sma leve ls 

of LH, pro lact i n, and c ort isol argue s t rongly for inde pe nde nt me chanisma 

regulat ing the re lease o f  these hormone s ,  and probably ACT H as we ll. 

More informat ion about the c ircadian pat t erna of s e c re ti on of 

t he s e  hormo ne s  and the poss ible influe nce of the pine al gland o n  s uc h  

patte rns , would undoubte d �  have be e n  obtaine d by performing twe nty-s ix 

hour s ampling s t udie s s imilar to Experime nt 7.1 at monthly intervals . 

S uc h  a sampling proce dure would have amplified t he findings o f  

Expe rime nt 6 ,  in which pine alectomiz e d  and s ham-ope rate d rams o n  

c ontrasting light ing re gimes were hous e d  f o r  a period o f  nine months . 

Ma� of t he res ults which me re ly indicate d poss ible pat t e rns of hormone 

s e cre t ion, or showed non-s ignific ant tre nds , would have bee n firmly 

e s t ablished by a more i nte ns ive st udy . 

I n  spite of t he s hort c omings i n  experime ntal t e c hnique out lir..a d  

above , re s ults from Expe rime nts 7.2  and 7.3 indic ated that s e as onal 

c hanges in t he secre t io n  patterns o f  LH and prolac tin in rams d id 

o c c ur. A s imilar obse rvation, bas e d  on plas ma LH data from rams 

was made by Katong ole , Naft olin and S h ort ( 1 974 ) who s ug ge s t e d  t hat it 

was the fre que ncy of d is c harge , rather than the peak horiLone leve 1, 

t hat altere d during t he c o urse of t he ye ar. T his s tate me nt was 

c o nfirme d re ce ntly by Linc oln (1 976a ) who de s cribed an increas e d  
-

fre que ncy of plasma LH pe aks re c orde d in S oay rams during the period 

of te s t icular activ ity . 

I n  expe rime nts des igned t o  inve s t igate seas onal c hanges in 

hormone production by meas uring hormone leve ls in s ingle we ekly or 

monthly blood s ample s ,  t he need to s ample at the same time of the day 

is firmly e s tablished by t he probable e x is te nce of re gular c ircadian 

se cre t ion patterns , partic ularly in the c ase of prolac t i n  and c ort is ol .  

The pre se nt group o f  acute s tudie s has als o highlighted the fact t hat 

s t udie s bas e d  on s ingle blood s ample s e ac h  week or month do not prov ide 

the c omplete picture ab out seas onal e ffe cts of hormone product ion. 
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GE ��RAL DISCUSSION A�� C ONC LUSI ONS 

T he expe r ime nts whic h have be e n  de scribed in t his t he s i s  we re 

de s ig ne d  t o  e s t ab l ish bas ic informat ion about the de gree of s e as o nal 

variat ions in re productive parame ters , part icularly i n  New Ze aland 

Romney rams . I n  addit i on t o  providing data on s e as o na l ity of se me n  
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product ion, i t  was hope d t o  obtain c omparable data o n  plasma leve ls of 

the h ormone s  which � have influe nce d  the re product ive trac t .  

Final:!J', a s  a re s ult o f  c onduct i ng expe rime nts which inv o lved s urgical 

modificat ion o f  t he ne rvous sys tem, and art ific ial manipulat ion o f  t he 

e nv ironme nt , an attempt was made t o  e lucidate the ne uroe ndocrine and 

e nvironme ntal me chanisms modulat i ng the s e as o nality of re product i o n  in 

N. Z .  Romney rams . 

Expe rime nts 3 ,  4 and 5 did not produce s uch 'de finitive re s ults 

as expe cted, large ly due t o  small numbers of animals , i ns uffic ie nt 

fre que ncy of s ampling, and the re lative ly brie f durat ion of t he s t ud ie s .  

T he s e  de fic ie nc ie s arose large ly be c ause of the dearth of prev ious 

informat i on on these characte ris t ic s  for the N. Z .  Romney ram, and als o 

be c aus e  the experiments were tine-sequenced in s uc h  a manner t hat it was 

not poss ible t o  utilize dat a from t he e arlier two s t udie s whe n 

de s igning Expe rime nt 5.  Neverthe le s s  the init ial t hre e  experime nts 

did provide informat ion which was valuable for the de s ign of Expe rime nts 

6, 7.1 , 7. 2 and 7. 3.  , 

In t he latter experine nt s  important observat ions were made on t he  

role o f  daily phot operiod a s  t he princ ipal s t imulus for s e as onal 

fluctuations in reproduction of rams , and indic ated that the pineal 

gland was a v ital me diat or of these re product ive e ffe cts o f  photic 

s t imuli. 
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Pelle t i er ( 19 7 1 )  point ed out that  s eas onally rhythmic  changes 

in plasma LH leve ls of  rams were more pronounc e d  when they were sub

j e c t e d  t o  a s ix-monthly photoper iodic  cycle rather than the normal 

twelve month c y c l e .  This obs ervat ion by Pelle t ier may have 

a c c ount ed  for the relat ively small number o f  s i gn i f icant changes in 

plasma LH levels  recorded in  Experiments 5 and 6 in which the annual 

cycle  of daily  photoper iodic  change was simulat e d . Furthermore , 

the photoper i o d i c  s t imula t i on of LH s e cret ion in rams reported  by 

L incoln ( 1976�) may have been  partly the resul t  of  nat ural seas onal 

changes , on t o  which a s hortened ( 32 week )  phot oper iodic  cycle  was 

super impose d .  However in Exper iment 3 ,  grazing  rams displayed  a 

seas onal pat t ern  of  changes in plasma LH levels which  r eached  peak 

values dur i n g  m i dsummer . Although a summer p eak o f  LH s e cret ion 

might allow a p er iod for conditioning gonadal t issue  pri or to  the 

bre ed ing  s eason , this result  was not expected  s ince  peaks of LH 

s e cr e t i on dur ing autumn were repor t e d  by Pelle t i er ( 1971 ) , whilst 

other workers had not f ound any sign i f i cant seas onal changes in 

plasma LH c o n c e ntrat i ons ( Sanford , Palmer an d H owlan d , 1 974�) . On 

the  o ther hand , Hochereau-de Reviers , Loir and .Pellet ier ( 197 6 )  also 

have described  e levated  plasma LH levels in rams during midsummer 

months . S everal points ment ic�ed in Chapt er VI I ,  about th e need 

f or an increased  plasma sampling frequenc y ,  may par tially �ave 

a c c ount e d  f or di fferenc es  in results between the pr esent  and previous 

s tudi es , par t icularly the lack of  s i gnifi cant s easonal e ffects in the 

work o f  Sanfor d , Palmer and Howland ( 1974�) . The low LH values o b 

t a ined  throughout th e present experiments raised some doubts concern

ing the accuracy of  abs olute  hormone conc entrat i ons obta ined wi th  the 

present LH assay . However , the appropriate assay validat ion tests 

were  adequa t e  t o  dispel such doubts , an d furthermore ,  there was 
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s e cre t ion obtained whe n us ing this as s�. 
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I n  c o ntrast t o  the LH re s ults , plasma t e s t osterone and prolact i n  

leve ls followe d c le arly de f i ne d  annual cyc le s i n  rams of a l l  thre e 

bre e ds . Regardle ss of any s permat oge nic e ffe c t s  of te s t os terone , the 

annual cycle of change s in se cre t i o n  o f  this hormone undoubtedly is o f  

m a j or importance t o  the s e as or.ality of re production in rams through its 

influe nce on libido. D ifficult ie s in obta ining seme n whe n us ing a n  

art ific ial vagina during the winte r months were e ncountere d  i n  

Expe rime nt s 3 and 4, a s  we ll as by S � h  and Gordon ( 1 967) .  I t  was 

assume d  that this obs e rv ation repre s e nted a s e as onal de pre s s io n  of 

lib ido re lated to low plasma testos te ro ne  c once nt rat ions . Pos s ible 

implicat ions of the s e as onal pattern of prolac t in se cre t ion are 

dis c us s e d  later ( Sect ion 3 ) .  

I n  Experime nt 3 ,  N. Z .  Romney rams dis playe d marked s e as o.na l  

fluct uat ions i n  s e minal fructose le ve ls a s  we ll as in plasma le ve ls o f  

LH, tes tos terone and prolactin. Polled D orse t  and Me rino rams a l s o  

displaye d annual ch ange s in these parame ters, which we re s imilar t o  

thos e re c orded from N. Z .  Romneys ,  e xc e pt that the s e mi nal fructose 

le ve ls of Polled D ors e t  rams and plasma LH leve ls of Wer ino rams , did 

not follow s uc h  c le arly-de fined patterns .  Autumnal peaks o f  se minal 

fructose production in all t hre e  bre e ds of rams c onfirmed s imilar 

patterns reporte d from other bre e ds ( Hiroe � • •  1 960; Amir and 

Volcani, . 1 965 ) .  

D ist i nc t  seas onal patterns of plasma h ormone and s e minal 

fructose leve ls in Me rino and Polled D ors e t  rams did not re flect the 

le ss we ll-de f i ne d  bre eding s e as ons of ewe s of these bre eds re porte d by 

Hafez (1 952 ) .  T ogether, the s e  re s ults may have indicate d c ons ide rable 

sex differe nce s  in re produc t ive s e as onality, or the fact t hat s e as onal 

c hange s in plasma hormone le ve ls do not ne c e s s arily have to c oinc ide 
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w i t h  changes in othe r re product ive c haracteristics . 

Although fruc t ose le ve ls in se me n  s howe d annual rhyth!Il3 in t his 

study, ot he r  se Ire n parame ters t e nde d to be more variable and did not 

dis play autumnal pe a.lal .  This differe nce from re s ult s o f  previo\.13 

re port s i n  the lite rature ( see re vie w  by Lodge ar� S alis bury, 1 970 ) 

may have res ulte d from the re lative ly mild s e as onal c hange s in c limat ic 

c o nditions in New Ze aland. T he e nforced c hange in s e me n  c olle ct ion 

te c hnique during Experime nts 3 and 4 als o may have maske d  seas onal 

c hange s in s ome s e minal parame ters .. A more like ly explanat i on was 

that at Palmers ton North (latit ude 40°21 ' S ) the annual change s in 

daily phot ope riod were le ss marke d than at t he highe r  latitude s where 

much of t he othe r  re porte d res e arch has t ake n place . 

Ma� seminal parameters s tudied in t his expe rime nt are not 

highly c orre late d w ith fert ility (Wiggins , Terrill and Emik, 1 953 ; 

Hulet a�d Ercanbrack, 1 962 ; Hule t ,  Foote and Blackwe ll, 1 964) ,  s o  it 

was not poss ible t o  c omme nt o n  seas onal c hanges in relat ive fert ility 

of the s e me n. In view of this s hortc oming, invest igat ion of se me n  

with re s pe ct t o  fe rtility may have be e n  a w orthwhile e xe rc ise , if not 

fraught with e normous pract ical diffic ult ie s .  Stre s s  tests s uch as 

viability after inc ubat ion at bo� tempe rature ( Ludwick, Olds and 

C arpe nter ,  1 948;  Buckner, W illett and Bayley, 1 954) ,  or after fre e z ing 

( C olas et al. , 1 972 ) ,  provide more a�ate indire c t  methods for 

asse s s ing the fe rt i liz ing c apac ity of s e me n, and may have be e n  use ful 

addit i ons to the pre sent s e me n  s tudie s . 

Surgical modification o f  olfactory and pine al gland func t i ons in 

Expe rime nt 4 did not alter t he seas onal c hange s in plasma hormone leve ls 

or s e me n  produc t ion of rams t o  any gre at e xte nt .  The se t re atments did, 

howe ve r ,  provide s ome insight i nt o  whi c h  neural structure s  might have 

mediate d the normal re sponses t o  e nv ironme ntal change s .  Removal of 

the olfact or,y bulbs alte re d the regular s e as onal cyc le s  of c hange s in 



plas rr� LH and tes t oste rone c once ntrat ions , s o  it was pos s ible that 

o lfac t ory st imuli provide d  some regulat ory influe nce ove r  hormonal 

s e c re t i o n  patterns . Olfac t ory c ue s  c ould have be e n  de rive d from 
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pheromone s produc e d  by ewe s ,  o r  other rams , during t he breeding seas o n. 

Evide nce that pheromone s produced by rams s t imulated oe s t rous ac t iv ity 

in e we s  at the onset o f  the breeding se as on has bee n pre s e nte d by 

Sc hincke l ( 1 954) and Morgan, Arnold and Lindsay (1 972 ) .  It has be e n  

s ug ge s te d  t hat i n  s ome male ungulate s s uc h  olfactory funct ions involve 

t he v omeronasal organ (E s te s ,  1 972 ) .  I n  t he prese nt s t udie s the 

funct ion of this organ was not s tudie d d ire ctly, but olfact ory 

bulbe c t o� m� have modifie d vomeronasal function (Alberts , 1 974; 

Powers and Wina� , 1 975 ) .  

S ignificant e ffe cts o f  cranial c e rvical ganglione c t o� o n  pine al 

ce l l  volume s and RI O�� act ivity, indicate d that this s urgical 

proce dure modifie d pine al gland activity .  C ons e que ntly the disrupt

i o n  of regular s e as o nal c hange s in LH and test oste rone s e cre t i o n  

patte rns in ganglione c t omize d rams in Expe rime nt 4 was attribute d t o  

altere d pine al function. A ma jor difficulty arose from the finding 

that s e minal fruct ose leve ls continued t o  dis play re gular s e as onal 

c hanges in all s urgically tre ate d groups of rams in Expe rime nt 4 

( Figure 4.2 ) .  Since s e minal fruc t os e  leve ls were e x pe c te d  t o  re fle c t  

c hange s in plasma t e s t osterone c once ntration, regular vatterns o f  

s e minal fructos e  output from the s e  rams we re diffic ult t o  e xplain. 

However, inspect ion of the a nnual fluc tuat ions in s e minal fruct ose ,  

pla s ma te s t os te r om and plas ma LH lev e ls re c orded i n  Experi.m nt 4 

( Figure s 4.2, 4 . 3  and 4.4)  reveale d  t hat normal s e as onal rhythms we re 

disrupte d most of all in the case of LH, to a le s s e r  e xte nt for 

te s t ostero ne ,  and le as t  for se minal fruc t ose . A te ntative 

qypothe s ia c o uld have be e n  that the pine al gland an4/or olfact ory 

sys t e m  exerte d dire ct influe nce s on LH re le as e ,  s o  t hat parame ters 
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furthe r remove d from these dire c t  influe nce s were more like ly t o  re tain 

res idual seas onal rhythms . Alternat ive � ,  it mus t be c onc lude d that 

a c c e s s ory sex gland funct ion c an be re gulated by fact ors for whi c h  

s e as ona lity of act ivity was not abolished  by e ither s urgical tre atme nt . 
T he re ce nt deve lopme nt of a radioimmunoas s ay for plasma me lat onin 

leve ls in s he e p  ( Rollag and Niswe nder, 1 976 ) will allow iwTestigation 

of the e ffects of ganglione c t omy and olfac t ory bulbe c t o� on a �  s e as or�l 

patte rn of se cretion of this c ompound. 

With re spe ct to plasma prolactin data and much of t he a ut opsy 

data, it was note d that t he unt reate d and olfact ory bulbe c t omize d 

groups were s imilar t o  each othe r ;  als o t here were few major 

differe nce s be twe e n  the gangli o ne ct omize d and bulbe ctomizeq/gar�lion

e c t omize d groups . A8 a c onse que nce , it was c onc lude d that t he changes 

shown by the double -operate d groups res ulted princ ipally from the 

ganglione c t o� ope ration, and there was no synergism betwe e n  o lfac t ory 

and p i ne al influe nce s on the se parame ters . Likewis e ,  there was no 

reas on t o  s us pe c t  that e it he r  s urgical tre atment reverse d  or nullifie d 

any e ffe cts of the other, a poss ibility t hat was sugge s te d  by work on 

blinde d  anosmic rats (Blask a nd Re iter, 1 975 ) .  

Moule , Brade n and Mat t ne r  ( 1 966 ) as cribed seas onal c hange s in 

se minal fructose c once ntrat ions re corded from rams on pasture s ole ly t o  

c hange s in t he quality and quant ity o f  the forage available . However, 

that stu4y was c onducte d in Australia where seve re  nutrit ional and 

temperature s tre s s e s  can be expe cted; also s e as onal c hange s in dail� 

photope riod would have bee n  smaller because of the lower latitude at 

which the ir  experime nt was pe rforme d. In Experiment s · 3 and 4 rams 

were neve r  underfed, while adverse effe cts of temperature on t he ir 

re productive systems could be ruled out be cause extreme tempe rature s 

did not occur ( Figure 3.7 ) .  Neverthe le s s  te mperature may be an 

important e nvirorur.e ntal fact or in other re gions of the world (VanDemark 
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and Fre e ,  1 970) .  

A ma j or hypothe s is in t his t he s is was t hat t he mos t important 

e nvironme ntal fac t or contribut ing t o  the seas o nal pattern of 

re production in ra�s was daily phot ope r i od. It has be e n  shown in 

Experime nt 4 t hat the pine al gland might have be e n  inv olve d i n  

me diat ing the influence o f  c hanging daily phot operiod o n  re product ion 

in rams ; t his i nflue nce pre s umably was caused by opt ic st imuli whi c h  

re ac he d  t he p i ne a l  glarn by w �  o f  the cranial cerv ic al ganglia. 

S i nce the pine al gland of ganglione c t omize d  rama c o uld not r� rce ive 

phot operiodic c hange s via t his ne ural pathway, gangli one c t orr;y s hould 

have produced res ults e quivale nt to pineale ct omy. Furthe rmore 

blinding would be expe cted t o  ge nerate res ult s s imilcu• t o  those 

re c orded following ganglione cto�, s ince blinding would abolis h opt io 

activ ity. As t hese as s umptions have not be e n  explore d, future fie ld 

expe rime nts with blinde d and/or hoode d rams , as we ll as pine ale ct omize d 

rams , w ould appe ar t o  be j us tified. 

2 .  EFFECTS OF LIGHl'ING REGIME S ON RE PRODUCTION I N  RAMS 

In the ir review of t he photoperiodic c o ntrol of gonadal and 

,hypophyse al act iv ity in dome stic animals , Ort avant , Maule o n  arn 

T hibault (1 964 ) de duced a s e t  of four hypothe se s : 

1 .  An opt imal phot operiod t·or gonadal s t imulat ion exis ted, 

this be ing te n to e leve n h ours per day f or most rams . 

2.  C o nt inued expo s ure t o  the opt imal photoperiod did not 

s us tain gonadal activity inde finite ly, which s ugge s ted t he existence 

o f  a " re fract ory period" which varie d acc ording to the s pe c ie s  or 

breed, and t o  t he pre ceding photoperiodic t re atne nt .  

3.  Light fac ilitate d the re le ase o f  gonadotrophins whereas 

darkne s s  favo ure d  the ir synthe s is .  

4. Se ns it ivity to photoperiodic s t imulation varie d betwee n 
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breeds and between  individual animals , as well as betwe e n  spe c ie s .  

These deductions of Ortavant, Maule on and Thibault ( 1 964) we re  

base d  on the literature available at that time as we ll as o n  their own 

studies with rams and ewe s .  The ir studies had inc lude d observations 

of : spermatogenic activity in testicular tiss ue ,  te stic ular and 

epididYmal we ights,  and pituitary gonadotrophin me as ure ments . 

Further t o  the above hypotheses  is the ques tion of whether 

seas onal patterns of reproductive activity are controlled by 

decreas ing or increas ing daily photope riods . Yeates  ( 1 949 ) 

c onc luded that the autumnal peak of breeding activ ity in s heep was 

induced by the period of increas ing daily photoperiods during the 

previous spring. In c ontrast, more recent evide nce has shown that 

increased spermatogenic activity in rams was a direct response t o  

de creas ing daily photoperiods (Ortavant a nd  Thibault, 1 956 ; . Ortavant , 

1 961 ) .  

The findings o f  Fe lletier and Ortavant ( 1 975�) showed that 

de creasing daily photoperiods were s timulatory to LH re le ase in rams , 

whereas increas ing phcto�iods were inhibit ory or less  s timulat ory; 

this result corresponded with that of a previous st� by Pe lletier 

(1 971 ) . Likewise , an abrupt decrease in daily photope riod produced 

high plasma leve ls in Soay rams (Lincoln, 1 976�) . There was not 

always such a close re lationship between decreasing daily photoperiods 

and plasma LH levels in t he experiments des cribe d  in this the sis . 

For instance , in rams on pasture (ExperiiOO nt 3 ) , maximal plasma LH 

leve ls were rec orded during mids umme r rather than in the autumn 

period, yet for rams on artificial lighting regimes (Experiments 5 

and 6 )  plasma LH data did not provide c onclus ive evidence of any 

relat ionship with photoperiod. Part of t he difficulty in reconc iling 

the present re sults with those of other workers may have arise n from 

differences in breeds , latitude s ,  LH as s�s , or the phot operiodic 



cyc les to which the animals were s ub je cte d. 

Beak leve ls of te s t on te ro ne s e c re t i o n  were as s o ciate d w ith the 

late summe r-e arly autumn months in rams on past ure (Expe rima nt 3 ) ,  

and with de c re as i ng and short daily photope ri ods i n  Experime nts 5 and 

6.  T he se re s ults for plas ma te s t o s terone leve ls gave s ubs t ance t o  

c o nc lus ions re ac he d by Pe lletie r  ( 1 971 ) arid Fe llet ier and Ortavant 

( 1 975a) ,  which were bas e d on plasma LH levels of rams s ub je c te d t o  

s Lx - mo nthly phot ope riodic cycle s .  I n  addit ion, the e ffe cts of 

lighting re g ime s on te s te s  and ac ce s s ory sex glands re c orde d in 

Experime nt 6 c o nfirme d the findi ngs o f  Ort avant and Thibault ( 1 956 ) .  

It is interes t i ng t o  s pe culate about whe ther or not the Fre nch worke rs 

would have re ached t he s ame c onc lus i ons had they use d twe lve -monthly 

instead of s ix-mo nt hly photope riodic cyc le s .  This group of authors 

appare nt � has ne ve r  pub lis he d  plas ma te s t osterore data from rams 

s ubmitte d t o  artific ial light ing re gime s , although Fe lle t ie r  and 

Ortavant ( 1 975k) have des cribe d the e ffe c t s  of te s t os terone propionate 

inje ctions o n  pituitary and plasma LH le ve ls in s uch rams . The ir 

re s ults s hovre d that t he ne gative fe e dback of testos terone on LH 

re lease was le s s  e ffe ct ive during s hort daily phot ope riods ( 8  h light ) 
than during long daily phot operiods ( 1 6 h light ) . Als o they point e d  

out that alte rat ion in s e ns itiv ity t o  andro@B n fee dback might be more 

important in natural ( 1 2-monthly) light ing cyc les , s ince in t he latte r 

c ase light may be a le s s  e ffe ctive modifier o f  LH re le as e  be c a  ·�e o f  

i t s  reduced rate o f  chan@B c ompare d t o  that i n  a s ix-monthly cyc le . 

A mode l for the c ontrol of gonadotrophin s e cre t ion by light 

and gonadal s teroid ne gat ive fee dback was propose d  by Hoffmann ( 1 973 ) .  

T he ma j or c ompone nt of this mode l was a hypothe t ic al c omparator whic h 

c ontrolled re le as ing hormone s e c re t ion in re s ponse t o  c hange s in 

gonadal s teroid fe e dback, plus s t imuli from another s o urce whic h i n  

turn de pe nded o n  phot ic informat ion. Two pos s ib i lit ie s  for the 
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c ontrol of g o nadotroph i n  re le as e  arose from the moda l propose d  by 

Hoffmann. One s uc h  pos s ib ility re quire d re le as ing hormone o utput 

t o  alter dire ctly unde r the influe nce of light -de rive d  s t imuli and 

steriod leve ls . The othe r  poss ible me c hanis!Il3 involved a n  

alteration i n  eypothalamic s e ns itiv ity t o  steroid feedback in 

res ponse to change s i n  phot ic s t imuli .  

Although Pe lle t ier and Ort avant ( 1  968) found that 

hypothalamic LH-re le as ing act iv ity was highe r in rams on s ixte e n  

hours light pe r day t han i n  those o n  e ight hours pe r  day, t his res ult 

did not dis t i nguis h be twe e n  impaire d s e c re t io n  of the re le as ing 

h ormone ( caus ing a build up in eypothalamic le ve ls ) or it s incre ased 

synthe s is and re le ase , unde r long dai� photoperi ods . Howeve r 

alterations in re le as ing hormone se c re t i on are c o ns iste nt with t he 

mechanisms proposed by Ho ffmann. 

Anothe r nypothe tical mode l t o  acc ount for the i nfluence of 

photoper iod on the c ontrol of go nadotrophin s e cre t ion in rams was 

p ostulate d by Fe lle t ier and Ortavant ( 1 975b ) .  This part i cular 

mode l e mbodie d  the proposals of Hoffmann and the authors made t he 

f'ollovring s t ate me nt about the influe nce of the phot operiod : 

" de cre as ing light phot operiod has two e ffe cts 

1 .  st imulat ion of g onadotrophin re le ase 

2 .  l owe ring of the inte ns ity of the ne gative fe edback o f  

testic ular androge ns . 

C onvers e ly, i ncre as ing light phot operiod 

1 .  is inhibit o� or at le as t  le s s  s t imulat or,y t o  the LH 

rele ase , 

2. incre as e s  the ne gative feedback e ffe ct of andr oge ns on 

hypothalamo-hypopeyse al activ ity . "  

T he s e  propos als o f  Fe llet ie r  a nd  Ortavant are c ompat ible with 

the re s ults obtaine d i n  the pre s e nt  pro je ct . In fact t he work 



described in this the s is extend� the ir hypotheses  by providing 

positive evide nce that the pineal gland is involved in the photo

periodic regulation of gonadotrophin secretion ( see  later for 

discussion) . 

2 9 1  

In Experime nts 5 and 6 the parameters affected most by 

phot operiod reversal were : plasma testosterone and prolactin levels , 

se minal fructose levels ,  testicular we ights,  epididymal we ights,  

se minal ves icular we ights,  epidi�al spermatozoalreserves ,  and the 

c once ntration and total conte nt of fructose in the seminal ves ic les . 

S ignificant e ffects of lighting regimes on the parameters listed 

above indicated that gonadal activ ity was regulated by daily photo

period; no s ignificant influe nces  of lighting regimes were recorded 

for plasma LH levels , other seme n characteristics, or the remaining 

autopsy data, largely be cause of the high degree of variability in 

these parameters ,  allied with  the limited numbers of rams per group. 

Although Experiments 5 and 6 did not c lari� whether the 

e ffects of photoperiod on gonadal activity were mediated by changes 

in LH secretion patterns, French workers have recorded LH secretion 

patter� which would support such a c onclus ion (Fe lletier, 1 971 ; 

Pe lletier and Ortavant, 1 975�) . It is now clear that s ince LH is 

secreted in a highly pulsatile manner, groups of experimental animals 

must be larger if s ignificant differe nces in the patterns of secretion 

of this hormone are t o  be detected. Neverthe less the poss ibility 

remains that gonadotrophins other than LH may have been  involved in 

photoperiodic e ffects on gonadal act ivity. 

Res ults of research, mainly carried out with rats,  has shown 

that FSH may not have any s ignificant funct ion in the control of 

spermatogene s is in adult animals ( Ortavant,  Courot and de Reviers , 

1 969 ;  Courot , Ortavant and de Reviers , 1 971 ) . However, as it is not 

known to what extent this statement about FSH can be applied to  rams, 
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t he pos s ibility that this hormone c ould be inv o lved i n  re s po ns e s  t o  

a ltered dai� photoperiod c an not be e liminated. A radioimmunoas s �  

for ovine FSH was not available during the c ourse o f  t re pre se nt studie s  

and as ye t workers at o t her laborat ories have not publis he d i nf ormat i o n  

on t he  FSH se cre t io n  patterns o f  ra.Ill3 expose d  t o  diffe re nt light ing 

regime s .  ( I n  fact Linc ol n  ( 1 976,2) rece nt ly
. 
pres e nte d a pape r which 

i ndicate d that bot h plasma le ve ls and freque ncy of e pis odic re le as e of 

FSH i n  Soay r ams  were stimulate d by de creas ing daily phot ope ri ods , and 

s uppre s se d  by reve rs e d  lighting c hange s . ) I n  addit ion pro lac t in mqy 

function as a gonadotrophin i n  ra.Ill3 , and the pre se nt re s ults 

have s hown t hat plasma c o nc e ntrat i ons of t his h ormone in rams were 

ve � res p o ns ive to da i ly pho t o pe ri od .  

Pr ogramme s inv olv ing act ive immunizat i o n  o f  rDms against s pe c ific 

prote in hormo ne s  suc h  as LH, FSH, or prolact i n, or the us e  of l o ng

act ing s pe c i fic a ntagonists t o  t he s e cre t ion o f  the se hormo ne s ,  sh ould 

provide use ful data re lating t o  t he ir re spe c t ive role s in s e as onal 

reproduct ive c hange s .  Long-term fie ld s t ud ie s  wit h  rams s ub je cte d t o  

s uc h  tre atme nts would thus be use ful adjuncts t o  the expe r ime nt s in 

t his the s is .  

3 . RE PRODUCTIVE FUNCTI ONS OF PROLACTIN I N  RAMS 

Se as o nal change s in plasma leve ls of LH and prolact i n  re c orde d 

in Expe r ime nt 3 indicate d t hat b oth hormone s  we re s e cre t e d  maximal� 

during mids umme r, which sugge s te d t hat t he ir  re lease was c ontrolle d  o n  

a s e as onal bas is by t he s ame e nv iro nme ntal fact or, name ly daily phot o

pe ri od. Fre nch studie s with rams s ub jected to artific ial lighting 

re g ime s s howe d that although s e cre t ion of both prolac t in and LH in ram3 

was influe nced by phot operiod, plas ma prolact in leve ls were highe s t  i n  

rams s ub j e c ted t o  long daily phot operiods ( Fe l letie r ,  1 973 ) whilst LH 

lev e ls were highe s t  in rams s ub je cted t o  s hort or de cre as ing daily 
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photoper iod.3 ( Pe lle tier, 1 971 ; Th lle t ie r  and Ortavant ,  1 975_!) . 

T his appare nt re lat ionship be twe e n  t he t im ing of the maximal rate s of 

se cre tion of prolact i n  and LH was s upporte d  in Experiroo nts 5 and 6 by 

the t iming of plasma prolac t in and testosterone pe rucs . Howeve r, 

plasma LH re s ult s in t hese two e xpe rime nt s we re inc onc lus ive , while 

re s ult s from Expe rirre nt 3 indicated that max imal rate s of LH se c re t i o n  

occurred approx imate ly one mont h be fore t he h ighe s t  pe ak of 

te s toste rone s e cre t ion. I n  Expe rime nt 6, s ham- operated rams 

sub je c te d t o  the Normal light i ng re gime had t he highe st value s for 

parame t e rs as s oc iate d w it h  gonadal and acce s s ory sex gland act ivity at 

aut opsy eve n  though t he se ram3 had the lowe s t  plasma prolact i n  leve ls . 

None of the above findi ngs exclude d t he pos s ibility t hat 

prolact i n  may have be e n  i nv olve d in reproduc t ive seas o nality in rams as 

a " c ondit ioning" hormo ne .  Evidence from c omparative s t udie s of t he 

phys i o logy of prolact in has s hown that t his hormone is i nvolved i n  a 

mult itude of e ndocrire sys tems and als o has a func tion in various 

e ndocrire t issue s  " c ondit i o ni ng" t heir re spons ive re s s to t he ir spe c ific 

trophic hormone s  ( Nic ol l , 1 973 ) .  The e levate d plasma prolact in leve ls 

re c orde d during e xposure of rams t o  long dai ly photope riods in t he 

experiments in t his t he s is may have c o nd it i ornd t he ir re productive 

organs t o  t he influe nce of LH, s o  that pe aks of reproduc t ive organ 

activ ity c ould follow during t he period of de c re as i ng daily phot o

pe riods . I n  other words , pr ior exposure o f  reproduct ive t is s ue s  t o  

high levels of prolactin m� have be e n  a pre-re quis ite for opt imal 

re s po ns e s  t o  gonadotrophic s t imulation, e ve n though the e xpos ure to 

raised plasma prolac tin leve ls m� have pre ce ded plasma te stosterone 

and se minal fruct ose pe aks by approximate ly two and t hre e  months , 

re spe c t ive ly. 

S ince the pe ri od of e le vate d plasma prolac tin leve ls re c orde d 

from rams on pas ture (Expe rime nt 3 ) ove rlappe d t hat of plasma LH, 
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the pos s ib i lity that the s e  two hormone s ac t syr�rgistically can not be 

overlo oke d. Evide nce for s uc h  synergism be twe e n  prolactin and LH, i n  

male rats has be e n  summarized i n  C hapter I .  

4. PI NEAL GLAND FUNCTION AND RE PRODUCTION I N  RAMS 

Se me n  from grazing c ranial cervical ganglione ctomize d rams 

studied i n  Expe rirre nt l.,. exhibite d muc h gre ater fluc tuat ions in spe rm

at oz oal n�nbers , mot ility indices and pe rc e nt age s of uns t a i ne d  s pe rm

at oz oa t han that from c ont rol rams . Als o, in the gangli o ne c tomized 

rams , the normal s e as o nal patterns of change in plasma LH and prolac t i n  

leve ls we re disrupte d .  At aut opsy, t e s t i c ular and e pididymal we ights 

of gangliore c t omized rams we re e le vate d, while se mina l  fruc t ose leve ls 

we re be low those of the c o ntrol rams . As dis c ussed e arlier, these 

e ffe cts of ganglione c t o� probably c ould be attribute d t o  alte re d  pine al 

gland func t ion. 

Like wise , much of the plasma LH, te s t osterone and prolactin data 

from Experiments 6, 7.1 , 7 .2  and 7.3,  reve ale d  s ignificant e ffe ct s  of 

pine ale c t o�, and s ignific ant Lighting Re gime s x Operations interactions .  

These s ignific ant findings prov ide d dire c t  e vide nce that the pine al 

g�and did influe nce reproduct ive func tion i n  rams , and als o t hat this 

gland was an important re gulat or of prolact in secret i on. 

Be c ause cranial ce rvical ganglione c t omize d rams were not 

studie d under ide ntical c onditions t o  t hose us e d  in the later 

experime nts i nv olv ing pineale c t omize d rams , de finit ive s t ate me nts about 

the e ffe c t ive ne ss of ganglione cto� in paralle ling the e ffe cts of pine a l

e ct oll\Y c an not be made , eve n  t hough cranial cervic al gangli o ne ctoll\Y 

was e ffe c t ive in depre s s ing pineal e nzyme act iv ity and c e l l  volume s .  

S upport for t he c onc lus i on that the pimal gland is re quire d for 

the expre s s io n  of s e as o nal patterns of reproduct ive act ivity c ould 

undoubte dly be prov ide d by studyi ng graz ing pineale c t omize d rams over 
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a pe riod o f  ooo or more ye ars . If s uc h  an expe rime nt als o inc lude d 

ganglio ne c t omi z e d  rams , s o�e of the questions raised by the pre n e nt 

work s hould be answe re d. Fight ing amongst rams which had unde rgo ro  

s urgic a l  re moval o f  the pine al gland w ould have t o  be av oide d by 

me thods s uc h  as individual paddock grazing or te thering. 

Most re ports of t he e ffe cts of the pi ne al gland on re productive 

function in rats , golde n hamsters , and fe rrets have fav o ure d  the 

c oncept t hat t his gland is ant igonadotrophic (Re ite r, 1 973£) . 

C ons e que nt ly the ons e t  o f  bre eding · ac t ivity in the s e  animals must 

re s ult from inhibit i on of pine al gland act iv ity, which s uppose dly 

o c c urs during incre ase d  light expos ure .  Howeve r in an expe rime nt 

ut ilizing long vers us s hort daily phot ope riods , and pine ale ct omize d 

vers us  s ham-operate d fe male hamsters , s ignificant L ight ing Re gimes x 

Ope rat ions interactions i ndicated that the pineal gland als o c o uld be 

pro g o na d o trophic (Hoffma.nn and Re ite r, 1 96 6 ) . A p rogonadotrophic 

function of the pineal g land of rams was s ugge sted by data from 

Expe rime nt 6 ,  s ince in rams s ub je c te d  to t he normal light i ng regime , 

parame ters re late d t o  g o nadal and acc e s s ory sex gland act ivity were 

higher i n  s ha� operate d t han pine ale c t omize d rams . 

Re s e arch on pine al function in s he e p  has be e n  very limite d, 

but e vidence from other spe c ie s  has i ndic ate d the poss ible e xiste nce 

of s ev e ra l  me chanisms of ac t i o n. As the pineal gland c o nta ins high 

leve ls of me latonin and s e rotonin, t hese and other c lose ly re lated 

indole ami ne s  are c o r.s ide re d t o  be the most like ly me diat ors of. pineal 

antigonadotrophic act i o ns  ( Fras c hini, C ollu and Mart i ni, 1 971 ) . 

Se roto nin s uppre s s e d  t he spontane ous LH re lease in c as trate d rams 

(Riggs and Malve n, 1 974 ) .  I n  ewe s me lat onin preve nte d  the post

c astrat i o n  rise in plasma LH leve ls (Roche et al. , 1 970b ) , while both 

me lat o ni n  and serot onin blocke d  the pre - ovulatory pe ak of LH 

s e cre t i o n  and prolonge d oes trous cyc le s (D omanski e t  al . ,  1 975 ) . I n  
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the ir report, Domanski et al., de s cribed inhibition of L H  re le as e  i n  

ewes with les ions of the anterior hypothalamic area (AHA), which 

indicated that the inhibitor,y act ions of melatonin and serotonin 

occurred in the re gion of the me dial basal hypot halamus . This 

cor£ lusion was base d on the fact that these le sions blocked the normal 

inhibit or.y influe nce s  of the AHA over GnRH se cretion, s o  the effects 

of the indole amine s must have occurred nearer to the s ite of GnRH 

secretion. 

Antigo nadotrophic peptides from s heep pine al glands have bee n  

s tudied us ing in v itro systems with pituitar.y tis sue from r ode nts 

(Moszkowska et al. , 1 974; Ebels, 1 9 75); as yet comparable research 

with ovire pituitary tissue has not bee n  reported. C onside ring the 

high antigonadotrophic potency of s ome of these pineal peptide s ,  they 

must be re garde d as pote ntial regulators of reproductive seas onality 

in rams, and s o  merit further study. Suc h  res e arch could inc lude 

immunologic invest igations , us ing antisera raised against these 

peptides conjugated to proteins. 

Since no potentially progonadotrophic s ubstances had prev iously 

been  isolated from the pineal gland, t he f'inding of high levels of 

immunoass�able GnRH in sheep pineal glands (\fhite et al, 1 974) has 

provide d at le as t  one possible explanation for the progonadotrophic 

property of this organ. 

Another possible mechanism of action of pineai princip le s 

c ould involve dire ct effe cts on the gonads themselves. For example, 

in rat testes  Liu and Kins on ( 1 973 )  described inhibitory e ffects of 

melatonin on the production of testosterone, and of serotonin on 

spermatogensis .  These findings i ndicate d t he nee d for investigat ion 

of pineal-eonadal i nterrelat ions hips in rams . Ev ide nce of gonadal 

steroid regulation of pineal function has be en presented in Chapter I .  

This e v ide nce was c onfined to studies with rode nts be c aus e  o f  the 
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p auc ity of s imilar s t udie s i n  large dome s t ic animals . 

Re sults from Experime nt 6 s howe d t hat the pineal gland 

altered the e ndocrine statu.s of rams � probably e nt ire ly due t o  its 

own re sponse s t o  c hange s  in daily phot operiod. This finding was not 

s urpris ing s ince the pineal gland has be e n  de s cribe d  as a ne uro

e ndocrine transducer� i ns trume nt al in produc ing e ndocrine re sp o n..'i e s  

t o  photic s t imuli (Axe lrod, 1 974) .  

Pos s ible interact ions betwe e n  ph ot ope r iod, t he p i ne al gla��� 

and olfact or,y function c an not, however, be overlooke d c ons ide ring 

t he disrupte d s e as onal patterns of hormone s e cre t io n  re c orde d fr om 

o lfactor,y bulbe ctomize d and cranial c e rvical gangliore c t omize d rams , 

and als o those s ub je cte d to b oth s urgical tre atme nts (Expe rime nt 4 ) .  

I nteractions be twe e n  lighting and o lfaction i n  male rats were 

s ugge s te d by t he fact that both blinding and olfact ory bulbe c t onw 

we re I'6 quired t o  produce re gres sion of the ir reproductive organs 

(Re iter et al . ,  1 971 ) . 
In gra z ing rams ;:;.lt hough e le v at i on of plasma LH leve ls 

pre ceded the rise in plasma te s t os te rone levels, LH out put remained 

high during the period of pe ak plasma t e s t oste rone s e cre t io n  ( Figure 

3 . 7 ) . As te s t osterone inhibited t he re lease of LH by a ne gat ive 

fee dback e ffe ct ( Pe lle t ier� 1 970 ) , the occurre nce of high le ve ls of 

b ot h  hormone s at the s ame t ime of t he year re quire s discus s i o n. 

Fe lletier and Ortavant ( 1 975£) c o ns ide re d  that de creas i ng daily photo

pe riods lowe re d the s e ns it ivity of the hypothalamo-hypophyse al syste m  

t o  the ne gative fe e dback o f  androge ns ,  s o  t his change i n  s e ns itiv ity 

c ould acc ount for the c ont inue d  releas e  of LH whe n plasma androge n 

leve ls were high. It is poss ible that the change in s e ns itiv ity to 

androge n  fe e dback res ult e d  from the production of pineal s ubstanc e s  

which alte red hypothalamic functio n. The fact that the ac t ivity of 

the pine al g land c ould be modifie d dire c t ly by changes i n  daily 



phot ope r i od s upported t his hyp othe s is .  Ac ute studie s need t o  be 

c arried out t o  s t udy  the e ffe c t  of testos te rone i nje ctions on LH 

s e c re tion in rams in the pre s e nce or abs e nce of t he pi ne al gland or 

s ore o f  its princ iple s .  Provided that the t e s t osteror� dose us e d  

produc e d  phys i ologi c al leve ls o f  this hormone ,  such s t udies c ould 

c onfirm or re fute this s ugge s t e d  role of the pineal gland, and thus 

he lp e s t ablish the c ontrol me c hanism for the s e as onality of 

reproduct ion in rams . 
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T he existe nce o f  c omplex phys i ological interre lat ions hips 

betwe e n  ne ural struct ure s  and e ndocrine glands c onfirme d the c o n..ce pt 

that the hypothalamus re ce ive s a wide variety of input s and inte grate s 

the s e  for the final expre s s i on of its re gulation of anteri or pituitary 

func t ion. T he individual role of acy input t o  the hypothalamus is 

difficult to dis c e rn be cause mammalian e ndocrine sys te ms s how a 

re markable de gree o f  c o n:pe ns ation. This point was illustrated by 

the fact that in the pre s e nt s tudie s eve n though s ome of the s urgical 

tre atme nts had marke d e ffe c t s  on the patte rns of hormone s e c re�ion, 

the re was no evide nce of a c le ar  impairme nt of reproduct ive func t ion. 

Thus further experiments will be required t o  e laborate the exact 

importance of the pineal gland and t he olfactory system in t he 

regulation of re production in rams . 

5 • POS SIBLE APPLICATIONS OF THE FRESENr FINDINGS 

Knowledge o f  the phot operiodic ity of reproduct ion in ewe s has 

be e n  used t o  incre ase reproduc tive rat e s  by allowing n great e r  

fre que ncy of lambings (William8 , 1 970; Ducker and B owman, 1 972 ; 

Newton and Bet ts ,  1 972 ) . However the application o f  such knovrle dge 

must not be c o nfine d t o  ewes s ince the problems as s oc iated with deep

free z ing ram se xre n  have meant that high quality s e me n  may not be 
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available t hroughout t he year. Exposure t o  art ific ially de creas e d  

daylight improve d libido in rams in Q ue e ns land, Aus tralia, a nd  thw 

ass isted out of s e as o n  seme n  c olle ction for artific ial i ns e minat i on 

programmes ( S . J. Mille r ,  personal c ow�unicat ion) . However, the 

ge ne ral applicabil ity of photope r i odic ity i n  s heep is s e ve re ly limite d 

be c ause of the impract icability of manipulat ing daily phot ope ri od for 

large numbe rs of s he ep .  

S urg ical rem oval of pine al glands from rams might alter 

s e as onal bree ding patte rns and produce a re lat ive ly c onstant high le ve l 

of re productive a c t iv ity t hroughout the ye ar. Technical difficultie s 

involv e d  in this proce dure would prohibit its ge neral use , although 

cranial ce rv ical gang lione ct omy or c he mical sympathe c t omy ( for example , 

us i ng 6-hydroxy d opamine ) , might prov ide alte rnat ive me ans of alte ring 

pineal function. On the other hand s �� t ained produc tion of high 

quality seme n  may not be pos s ible , s ince Ortavant ( 1 961 ) has s hown 

that maximal spermat oge ne s is is maintained only for a limited period, 

and it is like ly t hat the unknown limiting fac tors inv olve d would 

operate in the s ame  manner i n  pine ale c t omiz e d  rams . 

More like ly, expanded knowle dge of neuroendocrine c o ntrol o f  

reproduction i n  s he e p  will ass ist the de ve lopme nt o f  pharmac ological 

te c hnique s which have practical agricultural bene fits .  For example , 

the us e  of ste roids , prostaglandins and g onadotrophins : in such 

technique s as : induct ion of parturit ion or lactat ion, regre s s ion o f  

c orpora lutea, c ontrac e pt ion, ovarian st imulat ion and s uperovulat ion, 

and tre atment of infert ility and impote nce ,  has followe d fundame ntal 

s c ie nt ific studies o n  the e ndocrine c ontrol of re produc t ion. In the 

pres e nt c ase , the de mons trat ion t hat t he pineal gland of rams c an 

exe rt a c o ntrolling influe nce ove r reproduct ive funct ion, paves the 

w� for further inve s t igat io ns  t o  determine t he c hemic al nature o f  

the s ubstance s involve d. Such re s e arch c ould lead t o  the dis c overy 



of pharmac ological age nts which improve prese nt day technique s o f  

manipulat ing ovine re production. 
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