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REFERENCE TO SEXUAL MATURATION 

by PETER RAYMOND WILSON 

Experiments in this thes is were designed to establish short-term 

and longitud inal pat terns of secr e t ion of LH , testosterone and 

prolactin , responses to GnRH administration , testicular and reproduct ive 

endocrine changes associated with sexual maturat ion in the ram,  and to 

s t udy endocrine factors which may inf l uence reproductive developmen t . 

2 4  hour hormonal secretion prof ile  studies employing 2 0  min 

sample collection intervals in 9 adul t rams , and 8 h secretion profile  

studies in e ight prepub ertal , pub er tal  and early post-pubertal rams 

confirmed that LH was secreted in a pulsatile manner . Testos terone was 

secreted quant itatively following each episodic LH elevat ion in pubertal 

and older rams , but a consistent qualitat ive and quantitative secretory 

response was not observed in prepubertal rams . Plasma prolact in level s  

were stabie and high durin g  the summer , but low basal level s  

interspersed with pulsat i l e  fluctua tions occurred in winter sampl ing 

periods . Prolactin secret ion pro f iles  of prepubertal and sexua l ly 

maturing rams were similar , and level s  fluctua ted markedly  a t  each 

s tage of development . 

No circad ian rhythms of LH , testosterone or prolactin secretion 

were  evident in adult or sexually d eveloping rams , but data was produced 

which suppor t ed the existence of a sampling-induced  elevation of LH. and 

prolactin in young rams : higher l evel s  of both hormones were observed 

in early samples of sequen t ial sampling studies employing venepunc ture 

t echniques . 

Study o f  hormone l evels o f  ram l ambs bled each two weeks from 

b i r th to approximately 8 months o f  age showed that plasma LH content 

was low at birth , rose to a peak at approximately 6 weeks of age , and 
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d(_•t:J ineJ during the period of major tes ticular development ( 1 0  - 1 8  
weeks ) ; plasma testos terone concentrations were low a t  b ir th and 

increased steadily throughout the period o f  s t udy ; while prolact in 

levels were low a t  b ir th ,  increased rapidly to reach a plateau from 

approximately 6 to  2 0  weeks , then gradually decreased to low levels  

by 32  weeks . 

Test icular and ep ididymal development ,  s emin i ferous and 

epi d idymal tubule growth , and the onset  of spermatogenesis during 

puberty followed patterns s imilar to those reported by previous 

authors .  Regress ion analyses failed to dis tinguish major correlations 

between these developmental parameters  and endocrine changes associated 

with sexual matura t ion . 

Responses to intravenous GnRH inj ec t ion and infusion to adult 

rams showed that LH output occurred in a dose- dependent manner but 

subsequent testosterone elevat ions were not significantly differen t . 

The LH responses of  prepub er tal rams to intravenous inj ections of GnRH 

(1 �g/Kg) were  h igh , but progress ively decreased a t  consecutive four­

weekly ;_njec t ion and sampl ing rout ines from 6 to 32 weeks of age . Peak 

LH responses were progressively delayed dur ing thi s  period . 

Tes tosterone output following GnRH-induced LH,elevat ions were low in 

prepub ertal rams and increased progressively during sexual mat uration . 

Maximal responses to repeated GnRH inj ect ions were observed in pub er ta l  

( 1 4  week old) rams . 

Weekly treatment of ram lamb s with GnRH failed to alter any o f  

the t esticular or endocrine parameters assessed during sexual 

development whereas weekly androgen t r eatment depressed mean testis  

and epididymal weight s ,  seminiferous and epididymal tubular d iameters 

and epididymal spermatozoal r eserves , as  well as basal and GnRH­

s timulated t estosterone output . 

Prenatal androgeniza t ion of female  lambs result ed in 

masculiniza t ion of  external genitalia . Pos tnatal basal l evels of  LH 

wer e  depressed in both mal e s  and fema l es from androgenized ewes , while  

LH responses to  GnRH were unaltered . It  was concluded that prenatal 

androgenization depressed hypothalamic hypophysiotrophic func t ion . 
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CHAPTER I 

INTRODUCTION 

The survival of a spec ies requires that its ind ividual members 

reproduce .  S implest l if e-forms reproduce by asexual means: fiss ion , 

budd ing or fragmentation . Intermediate forms , some of which are 

hermaphrodites ,  undergo al ternat e  sexual and asexual processes , 

parthenogenesis o r  external fert ilization . In contrast ,  phyla­

gene tically more advanced animals have developed accessbry s truc tures 

which allow not only the transfer of spermatozoa from male to 

f emale ,  but internal  fertil izat ion , implantat ion and embryo and 

foetal development .  This form of procreat ion while obviat ing the need 

for production of large numbers of gametes , highlights the need for 

a prec isely controlled system for both mal e  and female gamete 

produc t ion , as wel l  as for embryo and foetal management . 

Accompanying the physiological evolut ion of reproductive 

processes has been a behavioural evolution necessary for environmental 

and sea sonal adaptat ion,  mat ing and also for later care of the young. 

This physiological and b ehavioural evolut ion has resulted in the 

estab l ishment of h ighly complex neuroendocr ine mechanisms for the 

r egulat ion of reproduc t ive func t ions . 

Recent neurological , b iochemical , microanatomical and endocrine 

invest igat ions have provided more detailed understanding of neuro­

endocrine functions which have been adapted for pract ical purposes , not 

the lea st of which include hormonal contraception and oestrus cyc l e  

manipula t ion . Advances are also being made toward elucidat ion of neuro­

endocrine control concepts in mal e  reproduc t ion . An understand ing of the 

physiology and control of reproduc tion is an essent ial prerequisite  for 

improvement of reproduct ive eff ic iency , a fac tor of vital concern to 

agricul tural science .  

This review of l iterature i s  concerned primarily with current 

concep t s  of reproduc t ive physiology and endocrinology in the mal e ,  with 

particular emphasis p laced on the rol es of gonadotrophin releasing 

hormone (GnRH ) , luteinizing hormone (LH) , testosterone and prolac t in 

a s  they affec t pub er ty in the animal stud ied in · this thesis , the ram . 

Aspect s  of hypothalamic involvement will b e  discussed , fol lowed by an 

outline of pituitary gland func t ion . Test icular hormones w ill then be 



considered briefly and aspec ts of sexual ma turation discussed . 

1 .  NEUROENDOCRINE CONTROL OF REPRODUCTION . 
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Removal of the gona�has long been known to prevent the onset of 

puberty and render the aduit ster ile ( Schal ly et al . ,  1 9 7 2 ) . Precoc ious 

pub erty and other r eproduc t ive abnormalit ies often were noted to be 

associa ted with hypo thalamic lesions , while yet other disturbances of 

reproduc t ion were a t tributable to pituitary gland lesions (Harris , 1948) . 

Moore and Price ( 19 32 )  postula ted "a new conc ept of hormone interactions" 

involving the pituitary gland-gonad complex , after experimentation with 

the newly available  sex hormones "testis hormone" and "oestrin " .  This 

concept involved hypophyseal control of the gonads and reciprocal 

gonadal control of the hypophysis , and laid the founda t ion for future 

understanding and research into r eproduc t ive neuroendocrinology . This  

concept however , failed to  recognise hypothalamic involvement .  

Green and Harris ( 1 947)  demonstrated the hypothalamo-pituitary 

portal vascular l ink between the median eminence and pars distalis and 

correc t ly identif ied the d irec t ion of blood f low as being towards the 

pituitary . Harris ( 1 948)  summarised direc t and indirec t evidence 

support ing the concept of neuroendocrine control of the adenohypophys is: 

from anatomical considerations he postulated that ultimat e  control o f  

this gland resided with hypothalamic neurons which released compounds 

into portal vessels and these compounds dictated the secretory act ivity 

of the adenohypophyseal c ells . 

LH releasing ac tivity from crude hypo thalamic extr:ac ts was f irst  

demonstra t ed by McCann et a l . ( 19 60), and a hypothalamic substance 

tentat ively designat ed "LH-Releasing Fac tor" was proposed . Lat er ,  from 

the same group ( Igarash i and McCann, 1964)  came evidence of follicle 

stimulating hormone (FSH) releasing ac tivity of hypothalamic origin , and 

thus the endocrine basis for r egulation of LH and FSH became established . 

( 1 )  The Hypo thalamus . 

Al though it is now generally accepted that the hypothalamus has an 

important role in regulation of reproduction , def init ion of its precise 

func tion was made diff icult because of the mul titud e  of direct and 

indirec t neural afferent inputs f rom extrahypothalamic areas such as the 

amygdala , hippocampus , septum ,  anterior t halamus , pyr iform cortex,  
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v isual  and auditory c entres , and o ther influences , both chemical and 

endocrine (Donovan , 19 70) , There are many inherent d i f f icul t ies involving 

methods of study of hypo thalamic func tion , for example , lesion and 

i sola tion studies remove not only the local func tion but may interfere 

with nearby c entres or wi th nerve trac ts passing to o ther areas . S ince 

the maj ority of experimentation has been carried out on the rat , one 

can only make predic t ions ot assumpt ions as to hypothalamic involvement 

in regula t ing reproduc tive func tions in the sheep . 

( i )  Anatomy of the hypothalamus . The anatomy of  the hypothalamus 

o f  the sheep has recently b een rev iewed (Tart telin ,  1969 ; Daniel and 

Prichard , 19 75) . The hypothalamic area influenc ing anter ior pituitary 

f unc t ion , the "hypophysio trophic area" , consists  of  a number of 

physiolog ical nuclei and trac ts . The preopt ic area (POA) , anterior 

hypo thalamic area (AHA) and suprachiasmic nucl eus ( SCN) are in-an 

anterior s it uation and have b een shown by les ion studies (Barraclough , 

1 9 7 3) and by anatomical isolat ion studies (Halasz and Gorsk i , 1967 )  in 

the ra t to b e  spec ifically involved in regula t ing ovulation of fema les . 

However , s imilar stud ies performed on the monkey (Knobil , 1 9 74 )  have 

shown that ovulatory cycl es cont inue despite surgical iso la tion of  

anterior hypo thalamic areas . Such observa t ions highlight probable  

s pec ies d ifferences in  control mechanisms , and hence diff icul ties 

associated with making inter-species comparisons in l ieu of experimental 

observa tions . The medial basal hypothalamus (MBH) , consisting of the 

a rcuate  nucleus and ventromedial hypothalamus (VMH), regulates "ton ic" 

release o f  gonadotrophins (Halasz and Gorski ,  1967 ; Donovan , 1 9 70) , and 

is the area considered to contain the steroid negative feedback receptor 

s ites ( Smith and David son , 1 9 7 4 ) . When surgically isolat ed , the MBH is 

capabl e  o f  maintaining normal mal e  pi tuitary and gonadal struc ture and 

funct ion whereas its removal abolishes normal sexual funct ion (Davidson , 

1 966 ; Halasz , 1969 ) . The median eminence (ME) , immed iately dorsal to the 

p i tuitary gland is consid ered to con tain the f inal common pathway for 

the control of the adenohypOphysis . 

( 2 ) Extrahypothalamic Influenc es. 

Extrahypothalamic influences  are considered to act  a s"b ias-se tters" 

o r  "homeos tat" control centres for integra ted hypothalamic func t ion and 

are the subject of extensive reviews (Clegg and Doyle , 1966 ; Wurtman , 

1 966 ; Donovan 197 1 ) . Maj or afferent and efferent impulses pass via the 
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median forebra in bundle which is a neuronal bundle connec t ing the 

o lfac tory apparatus , septum,  amygdala , hippocampus and caudate nuc leus 

wi th the hypothalamus (de Groat , 1 966) . 

( i )  Amygdala . The stria terminalis , part of the forebrain bundle , 

s erves as a pr imary l ink between the amygdaloid nucl ei and the POA and 

AHA .  In turn , the amygdala  provides a func tional  link from the olfac tory 

sys tem,  hippocampus , basal ganglia and septum to the hypotha lamus (de 

Groa t ,  1966) , as wel l  as being a relay point for peripheral sc,.,.)l"Y 
input (Kawakami et  al . ,  1969) . The amygdala is conc erned wi th emc· r ions 

and can exer t inf luenc e s  upon emot iona l and sexual behaviour of nypoth­

alamic origin (Donovan , 1 9 70) . Amygdaloid les ions have been associated 

with ma le  hypersexuality ( Donovan , 1970) , seminiferous tubule degener­

a t ion and aspermia . 

In fema l e  ra t s ,  e lec trical s t imulation of the amygdala resul ts in 

LH and FSH output from the pituitary (Velasco and Tale isnick , 1969�;  

Barrac lough , 1 9 73) , but such responses have no t been recorded in the 

mal e  (Donovan ,  197 1 ) .  S erum and pituitary prolac tin levels decreased 

af t er amyda loid stimula t ion in f emales , but hippocampal st imula tion had 

a converse effect (Kawakami et al . ,  19 73) . Donovan ( 1 9 7 1 )  also repor ted 

a pre- and post-puber tal differenc e in LH and FSH responses to amygda loid 

s t imula tion . 

(ii) Hippocampus. The hi ppocampus app ears  to exert an inhibi tory 

inf luence  on the amygda la or di rectly  on the hypo thalamus , and genera lly  

has  func tion s  inverse of those of the  amygdala (Velasco and Ta l iesnic k ,  

1969�; Donovan ,  197 1 ) . In the ma l e  ra t ,  hippocampal s timula tion has been 

shown to elici t erec tion , l icking of genita l ia and grooming behaviour 

( Donovan , 1971) . 

Though bo th the amygdala and hippocampus possess important 

mod ula ting abilities , it is diff icul t to  assess their importance in 

view of the fac t that total  surgical isola tion does no t interfere wi th 

oest rous cyc l i ng and ovula t ion in the f emale  ra t (Donova n ,  19 7 1 ) . This 

resul t highligh t s  the fac t that the hypo thalamus retains a high degr ee 

of physiologica l autonomy . 

( i i i )  O lfac tory System .  Olfac tory bulbectomy of lowe r spec ies 

ha s b een shown to abo lish male sexual b ehaviour (C 1 egg and Doyle , 1966).  

Ma t ing by anosmic rams was considered to be  normal ( Lind say , 1965) 

though precopula tory behaviour was markedly a l tered . Olfac tory 
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ablation also impaired the ram's ability to detec t oestrus ewes 

(Lindsay ,  196 5 ;  Clegg and Doyl e ,  1 966) . Barrell (Pers.Comm . )  ob served 

tha t ma ting by rams cont inued d espite olfac tory bulbec tomy , while the 

regular seasonal var iation in LH levels (but not of prolac t in levels)  

of  similarly trea t ed animals  was d isrupted (Barrell ,  1 9 7 6 ) . Abla t ion of 

the o l fac tory bulbs in ewes signif icantly reduced numbers mat ing out of 

season but not dur ing the normal ma ting season (Morgan et  al . ,  1 9 7 2 ) ; 

these results suggested that the ram influenced the onset o f  oestrus in 

ewes through the olfactory recep tors .  Though olfac tory influences in 

sheep have no t been fully invest igated , they do appear to  influence 

sexual behavioural responses . 

( iv)  Visual  S t imul i and Light . B lind g irls a t ta ined puberty 

earl ier than normal g irls (Donovan , 1 9 70)  but blinded ra t s  fa iled to 

show oestrus . No d irec t ret ino-hypothalamic tracts have been 

demonstra ted and the full signif icance of v isual stimul i  rema ins to be  

assessed (Donovan , 1 9 70) . 

The pineal  gland appears to be impor tant in modula t ing the 

light-related seasonal fluc tua t ion of LH , tes tosterone and prolac t in 

output in rams (Barrel l ,  1976) . 

(v) Peripheral Afferent I nput . Copulat ion induc ed ovulat ion in 

rabb its  and cats as  a direc t  resul t o f  vagina l  stimulat ion induc ing 

gonado trophin output ( Clegg and Doyl e ,  1966) . Lit tle informa tion is 

availab l e  as to the role of tac tile  and o ther peripheral s t imul i  in the 

ram, though Morgan et al . ( 19 72)  have shown that removal o f  hearing and 

touch senses did no t interfere with mat ing in ewes . 

( 3) Hypothalamic Efferents . 

Hypo thalamic efferents connec t with the medial orbitofrontal , 

septal and parolfac tory regions , and thalamus and brain stem area s ,  and 

are particularly important in establishing sexual behaviour (Donovan,  

1970) . The hypothalamus with its  many func t ions receives and transmit s  

informat ion t o  and f rom other ma j or CNS centres (Davidson , 1966)  a id ing 

integra t ion necessary for dispa tch of informat ion via the maj or 

efferent route,  the funct ional l ink with the pituitary gland . 

( 4 )  Gonado troph in Releasing Hormone . 

Gonadotrophin Releasing Hormone (GnRH) has been the subject  o f  

many recent reviews (Schally et al . ,  1 9 7 2� , b ;  Blackwel l  and Guilleman , 
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1 9 7 3 ; Convey, 1 9 7 3 ;  Reichlin et al . ,  1 9 76) . 

McCann et al . ( 19 60)  and Igarashi and McCann ( 1964)  isolated 
hypo tha lamic extrac ts which released LH and FSH , respec t ivel� and 
considered this as evidence for the existence o f  separa te LH and FSH 
releasing hormones . However , Schally e t  al . ( 19 7 1�,£) were unable t� 
separate the LH and FSH releasing a c t ivities of  highly purif ied porcine 
GnRH , while enzyma tic b reakdown destroyed both ac tivit ies s imul taneously . 
Subsequent isolation , struc tural determination and synthesis of  the 
decapept ide conf irmed the dual ac t ivity of the one molecule ( Schally � 
al . ,  1972�) . 

However , there remains a degree of uncertainty about the 

existence o f  separa te LH and FSH releasing hormones : asynchronous 

changes in p lasma LH and FSH levels occured in normal physiological 

c ondit ions and also following exogenous administration of GnRH (Mortimer 

et al . ,  1 9 7 3 ) ; Johansson et al . ( 1 9 7 3) reported the b iosyn thesis of a 

FSH-releasing hormone-like compound ; Bowers et a l . ( 19 7 3) and Curr ie e t  

al . ( 19 7 3)demonstrated the chemical existence and partial purification 

o f  such a compound from the hypo thalamus and reported that dif fering 

rat ios of FSH and LH output followed administrat ion of d ifferent 

f rac tions ; and Sandow et al . ( 19 75 )  and Fawce t·t et al . ( 19 75 )  describ ed 

chroma tographic separat ion o f  two hypothalamic f ractions possessing 

widely differing gonadotrophin releasing activit ies ( though Sandow et 

a l . ( 19 7 5 )  suggested that this may have been an artifac t due to 

struc tural modification d uring chromatography) . 

On the o ther hand , Spona ( 19 73�,£) and Grant et  al . ( 19 7 3) 

o f f ered an explanation for the apparent dual a c t ion o f  a s ingle 

hormone . They both demons trated the existence of differing GnRH bind ing 

s ites on p i tuitary cell memb ranes in v itro . Spona ( 19 7 3�) claimed that 

a low affinity site was r espons ib le for LH release and a high affinity 

site  for FSH release . 

( i) Chemistry and Struc tur e . Schally e t  a l . ( 19 7 1£) ini t ially 

c la imed tha t the GnRH mol ecule contained nine amino acid s . However , 

Matsuo et a l . ( 19 7 1 )  ult imately determined the decapep t ide struc ture o f  

GnRH a s  being : 

( pyro)G lu - His - Trp - Ser - Tyr - Gly - Leu - Arg - Pro - Gly(NH
2

) 



This s truc ture has been shown to be ident ical in all spec ies studied 

( Schally et al . , 1 9 7 2�) . 

( ii)  Synthesis . Little research has been done on in vivo 

synthes is of GnRH (Reichlin e t  a l . ,  1976) . I n  vitro hypo thalamic 
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· b · · h · "d · 1 d" c
1 4  1 · id ( J  h 1ncu a t1ons w1t am1no ac1 s ,  1nc u 1ng -g utam1c ac o ansson et 

al . ,  1 9 7 3) and requiring ATP and magnesium ions (Reichlin e t  al . ,  1 9 76) , 

has yielded bioactive releasing hor�one. Synthesis is assumed to take 

place in the per ikarya of neurons of the MBH . Produc t ion rates of GnRH 

have been estimated a t  between 1 . 5  and 1 5�g p er day in man ( Jeffcoa te 

and Holland ,  1 9 74) . Synthetic GnRH is now widely manufact ured ,  and 

recently , incorpora tion of t r i t ra ted amino ac ids (Coy e t  a l . ,  19 73) , 

iodina t ion (Miyachi et  al . ,  1 9 7 3) , and radioimmunoassay ( Jeffcoat e  � 
al . ,  1 9 7 4 ; Jonas e t  a l . ,  1975)  have b een described . 

( ii i) Metabolism and Excretion . Pep t idases from the hypothalamus 

abolish the immunor eac tivity and bioac t ivity of GnRH by spl i t t ing off 

the C-t erminal amino acid (Griff i ths and Hooper , 19 7 3 ;  Griffiths et a l . ,  

1974) . Though such enzymes may influence GnRH ac tivity,  they are 

relat ively non-spec if ic and their phys iological signif icanc e is doub ted 

( Reichl in et al . ,  1 9 7 6 ) . 

The plasma half life of GnRH has been estima ted to b e  4 minutes 

in man ( Redding e t  al . ,  19 73 ; Miyachi et  al . ,  1973;  Virkkunen et al . ,  

19 74) , b etween 5- 10  minutes in rats (Miyachi et  al ., 1 9 7 3) ,  and 

approximately five minutes in sheep (Crighton et al . ,  1 9 7 3) . 

In man ,  up to 9 7% of t r i t ia ted GnRH was recovered in ur ine 

within 24 hours of administra t ion ;  i t  appeared as two frac t ions 

corresponding to a pyroglutama t e-histid ine d ipeptide and the N-terminal 

octapep t ide ( Redding et al . ,  1 9 73 ) . S ince the radiolabelled GnRH was 

concentra t ed in the l iver , kidney and p ituitary gland , i t  was likely 

that breakdown occurred in liver and /or kidney, and excreted in the 

urine . 

From its  behaviour during gel filtration,  Virkkunen e t  al . ( 19 74)  

conclud ed that  GnRH was free in  plasma rather than ·bound to plasma 

proteins . 

( iv) Location of GnRH . 

(a)  Hypo thalamus . GnRH has been locat ed in many par t s  of the 

hypothalamus ( Reichlin et al . ,  19 76) . Extrac t s  from the arcuate  nucleus , 



ME (Wa tanabe and McCann , 1968)  and SCN ( Cr igh ton and Schneider,  1969)  

all elicited gonado trophin output from the adenohypophysis . 
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Z immerman e t  a l . ( 1 9 74 )  found immunohis tochemically ac t ive GnRH 

only in arcuate neuronal perikarya and ME tanycy tes of mic e .  On the 

other hand , Silverman ( 1 9 76 )  found the decapeptide in the POA , AHA, SCN, 

and arcua te neurons , ME nerve end ings and in trac ts between these centres 

in the guinea pig , while Gross ( 19 76)  localised the hormone only in 

parts  of the POA and ME axons . Thus it  is difficul t to spec ify 

precisely where in the hypothalamus the compound is syn thesised and 

stored in view of these conflic t ing repor t s . 

In at tempts  to show the intracellular loca t ion o f  GnRH. Pelletier 

et al . ( 19 74)  adapted immunohistochemical methods to elec tron microscopy 

and identified GnRH in rat ME nerve ending granules and Bennett and 

Edwardson ( 1 975)  d emonstrated the release of hypophys io trophic hormones 

from ME synaptosomes of sheep in response to elec trical or ion 

stimula t ion . Small and large intra-axonal microtubules have been 

descr ib ed in the hypo thalamus by Bergland ( 1 9 72) , who postulated that 

these carried releasing hormones and catecholamines respec t ively , but  

Kizer e t  al . ( 1 9 75)  considered that though some large axona l granules did 

contain catecholeamines , it was unlikely that both this compound and 

GnRH were found in the same axons . Thus GnRH appears to be s tored in 

axonal end ings , but the intracellular site  o f  synthesis and transport 

mechanisms remain unknown . 

(b)  Third Ventricle . Third ventr icular administ ra t ion of GnRH 

elic i t ed the release of gonadot rophins from the ant er ior pituitary 

(Ondo e t  al . ,  19 7 3 ;  Ben-Jona than et al . ,  1974 ; Cramer and Barraclough, 

1975) . GnRH may be  transported by tanycytes , modified ependymal cells , 

from the third ventr icle to the ME (Ondo e t  a l . ,  19 73 ) . However ,  GnRH 

did not appear in CSF after peripheral administration , possib ly s ince 

i t  could no t cross the b lood-brain barrier, and when mixed with CSF in 

vitro , lost much o f  its  act iv i ty (Cramer and Barraclough, 19 75 ) . Only 

a small portion of GnRH given intraventricularly can be r ecovered from 

hypo tha lamo-hypophyseal vessels (Ben-Jonathan et al . ,  19 74)  and i t s  

ac t ion was considerab ly delayed compared to s imilar doses given intra­

venously . Such evidence sugges t ed that the ventricular sys tem was 

unlikely to have p layed an important par t  in the distribut ion of GnRH . 

Reichlin e t  al . ( 1976)  s ummarised the current concepts o f  
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releas ing hormone produc t ion and output by suggesting tha t  GnRH may be  

synthes ised in the POA , AHA and part icularly in  the arcua te neurons , 

then is passed by axona l transport to  the median eminence where it  is 

s tored and f rom which it  is released into the por tal vessels for 

transpor t to the ad enohypophysis . 

(v) Release from Storage S i tes . Appropriate neurochemical and 

elec trical s t imulat ion o f  the ME can elic i t  GnRH release . Dopamine , 

norepinephrine and serotonin were found in the hypothalamus (Schneider 

and McCann , 1969 ; Anton-Tay and Wurtman,  197 1 ;  Cuppola , 1 9 7 1 )  and these 

amines , par t icularly dopamine were conc entra ted in the median eminence 

(Kavanagh and Weisz , 1 9 7 3) . Dopamine has been shown to augment s talk­

median eminence extra c t  induced output of LH (Schneider and McCann , 

19 70) and FSH (Kamberi e t  a l . ,  1970)  and currently is considered to be 

the neurochemical transmit ter agent respons ib le for GnRH release . 

Dopamine may cause the propulsion of granul es and /or expuls ion o f  

releasing hormones f rom axonal storage s i t e s  into per icapillary spaces 

of the primary capil lary beds of the p ituitary por tal blood system,  f rom 

where they are transported to the adenohypophysis . 

(vi) Mechanism o f  Ac tion . Current theories on the mechanisms by 

which GnRH exer ts two f unc t ions , gonadotrophin release and synthesis,  

have recent ly been reviewed (McCann , 1 9 7 1 ;  Jut isz et al . ,  1 9 7 2 ) . 

(a)  Gonadotrophin Release . In vivo GnRH administrat ion resul ted 

in a rapid but shortlived release o f  pituitary LH and FSH in many 

spec ies ( Schal ly e t  al . ,  1 9 72�; Convey , 19 7 3) , indicating that there was 

a rapid assoc ia t ion o f  GnRH with gonadotroph receptors . Ultrastruc tural 

s tud ies have shown that  extrusion of gonadotroph secretory granules 

occurred within one minute of intracaro t id GnRH inj ect ion (Mendoza et a l . 

19 7 3) . 

Gonadotrophin release may be  due to altered cell membrane 

permeability ,  followed by calc ium uptake,  which in turn results  in 

expulsion of GnRH secretory granules (McCann, 1 9 7 1 ) . GnRH increased 

cyc lic AMP a c t ivi ty in p ituitary t issue (McCann , 197 1 ;  Borgea t et a l . ,  

19 7 2 ;  Jutisz e t  al . ,  19 72 ; Makino et a l . ,  1 9 7 4 ) , and when administered 

to pituitary incubates a lone , cAMP wil l  cause gonadotrophin release . 

Thus cAMP may enhance calcium ion entry into , and granule content 

expulsion f rom, gonadotrophs . Glycogenolysis increased s imul taneously 

with LH release to provide the necessary energy for this process 

(Makino e t  a l . ,  19 74 ) . 
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(b ) Gonadotroph in Synthes is . When incubated in vitro with 

pituitary t issue , GnRH increased the total quant ity of gonadotroph ins , 

s ignifying stimulat ion of synthesis (Jutisz e t  al . ,  1 9 7 2 ) , possibly as  a 

resul t of increased cAMP activity . I n  vivo release o f  LH following high 

doses of GnRH followed a biphasic pa ttern ; the f irst eleva tion has been 

att ributed to immed ia te  LH release and the second eleva t ion has been 

a t tributed to further release of the gonadotrophin following GnRH­

s timula ted LH synthesis (Borgeat et al . ,  1 9 7 2 ) . Thus availab le evidence 

strongly suggests a dual secretory and synthetic func tion for GnRH . 

(vi i) GnRH Analogues . Some synthetic analogues of GnRH possessed 

gonadotrophin releas ing ac tivi ty (Guilleman et a l . ,  19 7 2 ,  19 73)  possib ly 

due to a capacity for b inding to less spec ific low aff ini ty bind ing 

sites (Grant et al . ,  1 9 7 3) . Oth er analogues competitively suppressed LH 
output in a dose dependent manner (Guilleman e t  al . ,  1 9 7 2 ; Coy e t  al . ,  

1 9 7 3 ;  Vilchez-Mart inez et  al . ,  1 9 74)  and may prove effec t ive in the 

future as contracept ive agents . 

(viii)  Clinical Applications for GnRH . In man ,  GnRH has b een 

used in inves tigations of numerous c l inical c ond itions ranging from 

anovulatory s terility to use in tests  of pituitary func t ion (Marshall 

and Besser , 1 9 7 3 ;  Zanartu et al . ,  19 74) . Many dose rates and routes of 

administration have elicited gonadotrophin output (Gonzalez-Barcena et  

al . ,  19 7 3) inc luding the intranasal route (London et al . , 19 7 3) . 

GnRH caused ovulation in ewes (Crigh ton , 1973�) but the 

subsequent luteal func t ion was abnormal (Haresign et al . ,  19 7 3 ;  Hof fman 

et al . ,  19 7 5) . The releasing hormone is potent ial ly useful in induc t ion 

o f  mul tiple ovulat ion following oestrus synchronization , and in the 

treatment of follicular cysts (Hoffman et a l . ,  19 75) . Convey ( 1 9 73)  

proposed its  potential use to advance puber ty ,  manipulate spermatogenesis  

and l ib ido , and possibly increase the quantity of spermatozoa produced , 

particularly in animals  used in artif icial inseminat ion programmes . 

However , GnRH does not possess some o f  the desirab le f eatures of 

gonadotrophins and s teroid s for some o f  the above appl ications and its 

use as a c linical agent may in fac t prove to b e  l imited . 

( 5 )  Control o f  Prolac tin Output . 

Pituitary lac totrophs , the source o f  pro lac tin ,  possess a high 

degree of a utonomy in vitro or af ter p ituitary stalk section and it is 

therefore c bns idered tha t hypothalamic control o f  prolactin output is 
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pr imarily inh ibitory in na ture (Nicoll , 1 9 7 1 ) , though evidence does 

exis t  for a dual control involving a prolac t in releasing fac tor . 

Control conc ep t s  have been s tud ied in many reviews (Apo s tolakis , 1 968 ; 

Donovan , 1970 ; Nicoll ,  197 1 ;  Frantz e t  a l . ,  1972 ; Meites e t  al . ,  1972 ; 

Blackwell and Guilleman , 1 9 73 ;  Horrob in , 19 7 3 ;  Reichlin e t  al . ,  1 9 76 ) . 

( i) The Hypothalamus and Prolac t in Output . Knowledge o f  the 

hypothalamic nuclei controll ing prolac t in output is fragmentary . ME 

lesions were followed by elevated prolac t in output , whereas VMH and 

POA s t imulat ion has been reported to e ither raise or lower output 

(Meites et al . ,  1 9 7 2 ;  Horrobin,  1 9 7 3 ) . Recently Malven ( 1 9 7 5 )  produced 

an elevation of prolac t in output after anterior med ian eminenc e 

s t imulation in sheep , but a drop in output following poster ior ME 

s t imulation , showing the l ikely impor tance of the ME in media t ing 

prolac tin outpu t . Prolac t in output follows in vitro application of 

hypothalamic extrac ts  to the pituitary o f  the rhesus monkey , a result 

which supports the concept of the existence of a prolact in releasing 

fac tor in add i t ion to an inhibitory fac tor (Horrob in , 1 9 7 3 ) . Though 

it is clear tha t  the hypothalamus regulates prolactin secret ion , there 

is insuffic ient evidence to a llow conclus ions to be reached about the 

mechanisms involved . 

( ii)  Prolac t in Inhibi tory Fac tor (PIF) Output . Dopamine released 

PIF when applied d irec t ly to the hypothalamus or to the third 

ventr icle (Meites et  al . ,  1 9 7 2 ; Reichl in et al . ,  1976)  while L-Dopa 

has been used c l inically to suppress prolac t in output (Frant z  et al . ,  

1 9 7 2 ) . Further evidence for the role of dopamine as an inhib itor o f  

prolac tin release stems from t h e  i n  v ivo demonstra t ion that dopamine 

b locking agents  induced prolactin output in rats  (Oj eda et al . ,  1974)  

and sheep (Davis and Borger , 1 9 7 3) . In add i t ion to the  dopaminergic 

inhibi tory inf luenc e ,  there also appeared to be  a serotoninergic 

s t imulatory component in the control of PIF output s ince serot onin 

administra t ion raised prolac t in output (Chen and Meites , 1 9 7 5 ; Reichlin 

et a l . ,  19 76) . 

( iii) Pro lac t in Release and Inhib i t ion . Attempts  have been made 

to isolate PIF ac t ivity from porcine hypothalamic t issue (Takahara e t  

al . ,  1 9 74)  but though an inhibitory effect  was observed , this effect  

could have been due to catecholeamines which were found to be  present . 

PIF i s  likely to be  a small  molecule,  presumably pept ide in nat ur e ,  

s imilar t o  o ther hypothalamic hormones (Me ites et  al . ,  1 9 7 2 ) . 
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A pro lac tin releasing fac tor (PRF) , the major prolac tin control 

fac tor in b irds (Apostolakis , 1 968� also has been proposed to exist in 

mammal s  (Reichlin et al . ,  1 976 ) . Thyrotrophin releasing hormone ( TRF) 

released prolac tin in cattle (Convey, 1973 )  and in other spec ies 

(Debe ljuk et al . ,  1 9 7 3 )  but this compound was not cons idered to be o f  

major phys iological s ignificance i n  regulating prolac t in output . 

Furthermore , Valverde et al . ( 1 9 7 2 )  and Szabo and Frohman ( 1976)  found 

prolactin releasing ac t ivity in hypothalamic extrac ts even after the 

charcoal adsorption or  chroma tographic removal of  TRF . Malven ( 19 7 5 )  

proposed that the anterior ME i n  the sheep produced a prolac tin 

releasing factor ( See earlier) though stimulation of this area may 

have inhibited the release of PIF ra ther than causing the release o f  PRF . 

The amino ac ids arginine , leuc ine and phenylalanine released prolac t in 

after intravenous infus ion into sheep (Davis , 1972) , but the 

physiological signif icance of this resul t i� not clear . Phenothiaz ine 

deriva tives raised prolac tin l evel s in sheep , presumably by inhibit ing 

PIF output (Bryant et al . ,  1968)  wh ile bromergocryptine , which is 

known to s t imula te dopaminergic receptors , also inhib ited prolac t in 

secret ion by releasing PIF ( Fluckiger , 1 9 7 5 ) . 

Suckling raised plasma prolac tin levels in cattle (Karg and 

Schams , 1 9 7 4 )  and prolactin levels  were found to decrease in pos t­

menopausal woman and to increase in similarly aged men (Vekemans and 

Robyn , 1 9 7 5 ) . An impor tant cons ideration in prolactin stud ies is the 

stress- induced output . Restraint ,  surgery , exercise and d isease have 

been shown to raise plasma prolac t in levels in man ( Frant z  et al . ,  

1 972 ) , goa ts (Bryant et al . ,  1968)  and c·a t t l e  ( Raud et  al . ,  197 1 ) , while 

venepunc ture and res traint raised plasma prolactin levels in adul t and 

immature sheep within 1 5 - 30 minutes (Dav i s ,  1972 ) . 

( iv) Mechanism o f  Act ion of  PIF . I t  is  considered that PIF 

reduc ed the calc ium influx to the lac totrophs thus prevent ing the 

spontaneous membrane depolarisat ion and sub sequent prolactin release 

(Nicol l ,  1 97 1 ) . Cyc l ic AMP can overcome the inhibitory effec ts of PIF , 

thus rais ing the pos s ibil ity that PIF may irthibit the adenyl cyc lase 

system whereas PRF may s t imulate i t  in a manner similar to GnRH and 

o ther releasing hormones . Potassium ions raised lactot roph membrane 

permeab ility to calcium and this resulted in prolac t in output (Nicol l ,  

197 1 ) . 
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(6 )  Sexual Differentia t ion . 

( i )  Hypothalamic Differen t ia t ion . The pre-different ia tion 

hypo thalamus of both males and f emales possesses an inherent cyclic  

ab ility ; in females this  is  manifest at puberty as  oestrous cyc l ic ity . 

The mal e  gonad secretes testosterone at a "critical age" and this 

abol ishes the inherent cyc l ic ab i l i ty in favour of a "tonic" secretory 

c apab i l i ty o f  the ma l e  hypo thalarnus ( Evere t t , 1 9 69 ; Jos t ,  1 9 7 0 ;  Gorski , 

19 7 1 ;  Jos t  e t  al . ,  1 9 7 3 ) . In rats this critical age was up to f ive days 

neona tally ,  in the human between the 1 1 th and 1 7 th weeks of in utero 

l ife ( Reyes et a l . ,  1 9 7 3 ), and between 25 - 1 20 days (Al ifakiotis et al . ,  

1 9 7 6 )  o r  20 - 60 d a y s  o f  intrauterine life  ( Short , 1974 )  in sheep . 

And rogens (or their metabolite , oes trogen) are thought to modify input 

pathways to the POA , the area responsible for female hypothalamic 

cyclicity , abolishing its  cyclic po tential without affec t ing the tonic 

control influences of  the med ial basal hypo thalamus and the remaining 

hypophys io trophic area ( Everett , 1 969 ; Gorski ,  197 1 ) . Though the 

physical or biochemical basis for this phenomena has not yet been 

determined , sexual d imorphism of axosomatic j unctions of amygdaloid 

and non-amygdaloid origin has been observed in the preoptic area 

(Rai sman and Field , 1 9 7 1 ) , suggesting perhaps an anatomical basis for 

hypo thalamic d i f f erentiation . 

( i i) Gonadal Differentiat ion . Histological signs of  d ifferentia t ion 

of the foetal gonads b ecome evident 34 - 35 days after conception in 

sheep ( Sapsford , 1 9 6 2 ;  At tal , 1969 ; Geir and Marion , 19 70) , but 

determinat ion of gross  anatomical d ifferen t ia tion is possible only 

after 45 days . However , ovine foetal tes ticular testosterone and 

androstenedione were measurable from day 30 (Attal , 1969)  and throughout 

foetal l i f e . The tes t icular content of steroids tends to fall in the 

last 80 days in utero , but quant it ies vary enormously between 

individua ls of the same age (At tal , 1969 ; Pomerantz arid Nalbandov , 1 9 7 5 ) . 

Attal ( 1969 ) found tha t the foetal testicular testosterone : andros tene­

d ione rat io changed a f ter 46 day s ,  with relatively more androst enedione , 

and again a t  65 - 70 days , to a ra t io s imilar to that before 4 6  days . 

The s ignif icance of  these changes in steroid ratios is unknown • 

. 

The early development and function o f  Leydig c el l s  is considered 

to be under gonadotrophic s t imulat ion ( Jos t , 1 9 70) s ince early 

hypophysec tomy interf ered with organ development and sub sequent sexual 

dimorphism .  Thus , gonadal differentiation occurs early and mal e  gonadal 



steroidogenic func tion is initia ted immed iately . 

( iii)  Genital Trac t Different iat ion . If  testosterone is not 

present at a critical per iod of intra-uterine l ife , Mullerian 
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struc tures cont inue to develop thus expressing the intr ins ic female 

nature of  the genital trac t primordia (Jost  et al . ,  197 3) . Testosterone 

stimu lates development of Wol f f ian duc t  struc tures in gene tic ma les . 

This organ different ia tion occurs prior to hypothalamic d if ferentiation;  

for example mal e  rat genita l ia dif ferent iate at 18 days in utero 

whereas CNS dif ferent ia t ion occurs postnatally (Jost  et al . ,  1 9 7 3 ) . 

( iv) Sexual Behaviour Differentiation . Sexual behav ioural 

dimorphism also is androgen dependent . Androgen trea tment of  neonatal 

femal e  rats abolished adul t lordosis exhibition , whereas neonatal 

cas tration of  males resulted in display of lordos is later in l ife 

(Gorsk i , 197 1 ) . Androgens appear to exert an imprinting influenc e ,  

possib ly on hypo thalamic cen tres , t o  d irec t the form o f  sexual  

behaviour exhib ited in  later  l ife . 

(v) Interference With Sexual Differ entiation . Androgens 

administered at appropriate ages and dose rates mimic test icular 

androgens in induc ing central nervous and external  genital trac t 

masculinizing effec t s  (Jost , 1 9 70) . The importance of  using appropriate 

timing and dosage of androgen to produce such mascul inizing effects  has 

been shown by the fac t tha t androgen administration to foetal sheep 

after 12 weeks gestat ion ,  or post partum ,  failed to interfere with 

differentia t ion (Przekop et  a l . ,  1 9 7 4 )  whereas earl ier (days 20 - 60 o f  

ges ta t ion) administration d id ( Short ,  1 9 7 4 ) . Post partum treatment o f  

heifers , gilts and bitches produced no effects ,  neither did androgen 

adminis trat ion to foetal calves older than 82 days ( Z imbleman and 

Laud erdal e ,  1 9 7 3 ) . 

Short ( 19 7 4 )  found gross genital rnascul inizat ion of female  lamb 

foetuses exposed to androgen from 20 - 4 0  days in utero . Externally 

these offspring were identical to males except that they d id not possess 

palpabl e  testes , while internally the uterus and ovaries apparently 

were normal . Lambs exposed at  60  or 80  days showed only mild genital 

rnasculiniza t ion . Treatment on days 20,  40 or 60 abol i shed later oestrous 

behaviour , while micturition patterns were typical ly male in all 

androgenized offspring (Shor t ,  1 9 74 ) . Recently , from the same group , has 

appeared conf irma t ion of  the initial ob servat ions of Shor t ,  and fur ther 

studies of oestrous behaviour in androgenized offspring ( Clarke et al . ,  
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1976) . Shor t ( 1974 )  measured plasma progesterone levels  in his 

ma sculinized ewes and was able to show some luteal ac t ivity,  though 

these animals showed abnormal f luc tuat ions in proges terone levels . The 

20 - 60 day treated intersex animals  fail ed to exhibit the normal 

ovula tory LH peak in re sponse to oestrogen administrat ion , suggest ing 

that the hypo thalamic positive feedback system had been abolished . 

Recently , Alifakiotis et a l . ( 1 976)  described a s imilar induc t ion 

of intersexuality in sheep after treatment b etween 25 - 1 20 days o f  

intrauter ine l ife . These authors found epid idymides , duc tul i  defferent ia , 

seminal vesicles , prostates and b ulbourethral gland s ,  in addition to 

normal female internal organs . 

2 PITUITARY HORMONES 

The hypothalamo-pituitary por tal vascular system carr ies the 

hypothalamic releasing and inhib it ing fac tors r esponsible for 

regulat ing anterior p ituitary gland func t ion . Current concept s  of  

pituitary control were the subj ec t  of  an  extensive review b y  Daniel and 

Prichard ( 19 75 ) .  The present rev iew concen trates on regulat ion of LH 

and prolac t in secret ion , with only brief ment ion of FSH . 

( 1 )  Lu teiniz ing Hormone .  

( i) St ruc ture and Chemistry .  LH is a glycoprotein of M . W .  30 , 000 

approxima tely,  consist ing of two d issimilar 1 5 , 000 M .W .  pept ide cha ins 

(Greep , 1 9 7 3a) . The a chain also i s  common to FSH and TSH , but the more 

strongly ant igenic � chain is hormone specif ic . LH is a glob ular non­

hel ical molecule which is stabil ized by cyst ine disulphide bridges 

(Frieden and Lipner , 19 7 1 ;  Ward et al . ,  1 9 7 3) . The s truc ture and 

chemistry of ovine LH has recently b een reviewed (But t ,  1 9 7 1 ;  Sairam 

et al . ,  1 9 7 2 ; Ward e t  al . ,  19 73 ; Papkoff et  a l . ,  19 7 3 ) . 

( ii)  Metabolism . LH and its  subunits are found free in plasma 

(Laburthe et  al . ,  1 9 7 3) , though LH carrier proteins have b een reported 

(Raj anieme and Vanha-pertulla , 1 9 7 3 ) . 

LH d isappears from plasma in an exponent ia l  manner and has a half 

l ife of  1 36 minutes in man (Marshal l  et  al . ,  1 9 7 3) . However , mos t  

authors have describ ed a b iphasic semi-logarithmic decay pat tern ; ovine 

I
125

-LH has consecutive half l ives of 22 . 3  and 1 74 minutes in the rat ,  

and a first  hal f  l if e  o f  30 minutes in sheep (Geschwind , 1 9 7 2 ) . These 
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estimates correspond c losely with hal f-life estimates of 26 . 7 - 3 2  

minutes repor t ed b y  de Kretser et al . ( 1 9 73 )  for LH i n  adult  sheep , 28 

30 minutes in foetal sheep (Foster e t. a l . ,  1 9 7 2�) , and 2 1  and 65 minutes 

for the two hal f  l ife phases in the bull (Monkonpunya et a l . ,  1 9 7 2 ) . The 

biphas ic plasma disappearanc e pa ttern has been attributed to d if fusion 

and d istribut ion to and from body compar tments (Geschwind , 1 9 72 ) . FSH 

on the other hand has longer half-lives of 107  and 149  minutes 

(Geschwind , 1 9 7 2 ) . Because of  rapid c learance of  LH , it  has been 

recommended tha t  the interval between plasma sample collec t ion be less 

than the half-l i f e  of the hormone (Geschwind , 1972)  and as  frequently as 

every 2 - 3 minutes in the rat (Gay and Sheth ,  1972) . 

125 I -LH has been located autorad iographically in renal proximal 

convoluted tubules (de  Kre t ser et al . ,  1 9 7 3 ) , from where it can pass  

into the  urine . However , the precise site  of  degradation has not yet  

b een elucidated . 

( iii) Ac t ions . 

(a) Steroidogenes is . LH binds to specific receptors on the cell 

membranes of  Leydig cells  and stimulates the adenyl cyclase system to 

produce cyclic AMP (Greep , 1 9 7 3�) . cAMP subsequently converts  

cholesterol stores to  pregnenolone ( Eik-nes , 1 9 7 1 ;  Dorfman and Unger » 

1 9 7 2 )  and possibly also aids de novo synthesis of  choles terol f rom 

acetate . The generally accepted steroidogenic chain is : 

pregnenolone � dehydroepiandrosterone � androstenediol (or 

androstenedione) � Testosterone . (Yanaihara and Treon , 1 9 7 2 )  

Steroidogenesis takes p lace i n  the mitochondr ia once the precursors are 

ava i lable . An a l terna t ive pathway , f rom desmosterol , a cholesterol 

precursor , to pregnenolone has also b een suggested ( Dorfman and Unger , 

19 7 2 ) . LH also promo ted Leydig cell protein synthesis , which was 

possibly a prerequisite for steroidogenesis , or for steroid s torage and 

release ( Irby and Hal l ,  19 7 1 ) . 

(b )  Testosterone Release . Administra t ion of  LH in vivo , or the 

endogenous rise in LH after GnRH , result s  in rapid secretion o f  

tes tosterone b y  Leydig cell s . The topic o f  testosterone secretion wil l  

be dealt  with more fully i n  a later s ec tion . 

( c )  Feedback Effec t s . It  has been pos tulated that LH inhibits the 

produc t ion or release of GnRH by a d irec t negative feedback on the 
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hypo thalamic hypophys iotrophic centres (Greep , 19 7 3�) . 

( 2 )  Foll icle S t imulat ing Hormone . 

FSH had no demons trable  steroidogenic ac t ion (Dorfman and Unger , 

1 9 7 2 )  but passed into the seminiferous tubules of many spec ies , 

includ ing the ovine ( Setchel l  and Wallace ,  1 9 7 2 ) , where it was assumed 

to influence Sertoli cell  func t ion (Greep , 1 9 7 3�) . FSH increased fluid 

secretion by the tes t i s ,  increased tubular size (Setchell et  al . ,  1 9 7 3 )  

and enhanced tubular amino acid upt ake (Means and Hal l , 1 9 6  7 ) . 

Al though signif icant correlat ions have b een reported between 

plasma FSH levels and numbers o f  sperma togon ia , primary sperma tocytes , 

and early and late sperma t ids in men (de Kretser et al . ,  1 9 74) , o ther 

authors have shown tha t  no such relationship existed ( Paulsen et al . ,  

1972) . The prec ise rol e  of FSH is d ifficult to assess and no def inite 

conc lus ions can ye t be  made about its  func t ions, though recent work 

sugges ted a role in Leyd ig cell  receptor format ion in young rats (Odell  

and Swerdlof f ,  1 9 76 )  and in  forma t ion of  androgen b inding proteins by 

the Sertol i cells (Means et a l . ,  1976) . 

The control of FSH release a l so r emains undetermined . GnRH 

elicited FSH output f rom the p ituitary and a pos t-castration rise in 

plasma FSH occurred , but it  is not clear whe ther the negat ive feedback 

was due to testosterone (Cr im and Geschwind , 1 9 7 2E_; Burger et al . ,  1 9 7 2 )  

o r  t o  another compound (Odell et  a l . ,  1973) . Destruct ion of tubular 

elements but no t Leydi g  cel l s , by irradiation , resulted in increased 

FSH output . S teroid-free extrac ts of ovine (Nand ini et al . ,  1976)  and 

bovine (Keogh et al . ,  19 76)  testes s elec tively suppressed post­

castrat ion elevation of FSH levels in the ra t and ram, respect ively . I t  

has been pos tulated tha t  a tub ular substance t ermed "Inhibin" i s  

responsible  for feedback control of  FSH , possibly ac t ing in conj unc t ion 

with testicular steroids (Nandini et al . ,  1 9 76 ) . 

( 3) P ituitary Gonado trophin and Gonadal  S teroid S ecret ion Pa t terns . 

Rap id estimat ion of  hormones , f acilitated by radioimmunoassay 

t echniques , has led to a reappraisal of conventional "steady state" 

negat ive f eedback control mechanisms and have provided a means whereby 

the short-term dynamics o f  hormone output have b een examined 

quantitatively and qual ita t ively ( Geschwind , 1 9 7 2 ) . 

( i )  Pulsatile Varia t ion . LH was released in a pulsatile manner in 
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rams (Bol t ,  197 1 ;  Geschw1nd , 19 7 2 ; Sanford e t  al . ,  1 974�; Ka tongole � 
a l . ,  1974 ; L incoln , 1 9 7 6�; Barrel! ,  1976) , wethers ( Riggs and Malven , 

1 9 74 ) , and ewes (Geschwind , 1 9 7 2 ; Nett et al . ,  1974 ; Coppings and Malven 

1 9 7 5 ,  Baird et al . ,  1 9 76) . Al though Bolt ( 19 7 1 ) , Geschwind ( 197 � and 

Ka tongole et al . ( 1 9 7 4 )  concluded that LH was released in a pulsa tile  

manner ,  i t  was Sanford e t  al . ( 19 74�) who first reported a d etailed 

inves t igat ion of LH output in the ram, after sampling each 20 minutes 

for 24 hours and measuring the LH and testosterone content in each 

sample . In their study on Finnish Landrace and crossbred rams , Sanf ord 

et al . ( 19 74a) found basal levels of LH to  be  low,  though 3 - 5 peaks 

o f  up to  a lmost 1 0  ng/ml were observed at irregular intervals  during 

the 24 hour period . The peaks were of rapid onset and rapid 

disappearance , consistent with the short hal f  life  of LH . An ident ical 

plasma sampl ing frequency was employed by Barrel! ( 1 9 7 6 )  who reported 

a similar epi sod ic release o f  LH in Romney rams . Geschwind ( 1 9 72)  and 

Lincoln ( 19 76�) suggested that virtually no LH was released between 

ep isod ic peaks in the rat and ram respec tively ,  hence explaining the 

low between-peak levels .  

S imilar short-term f luc tuat ions in plasma LH levels have been 

repor ted in o ther spec ies includ ing the boar ( Sanford et  al . ,  1976) , 

bull (Ka tongo le et a l . ,  19 7 1 ;  Gombe e t  al . ,  1 9 7 3b), man (Nankin and 

Troen , 1 9 7 1 ;  Elwood et a l . ,  1 9 7 3 ;  McNeilly et al . ,  1 9 7 5 ) , rat (Gay and 

Sheth , 1 9 7 2 )  a nd the domestic cocker e l  (Wilson and Sharp ,  1 9 7 5 ) . 

Plasma FSH also showed irregular fluc tuat ions in concen tra t ion in 

rams but these were less spec tacular than those  o f  LH and elevations 

had a more prolonged existence than the LH peaks (Sanford et al . ,  1 9 7 6 ) . 

( i i) Sea sonal Var iat ion . In sheep , short-term hormone f luc tua t ions 

were super imposed on seasonal variations . In rams , plasma LH levels were 

h ighes t in summer months prior to the breeding season (Ka tongole et al . ,  

1 9 74 ;  Barrel! , 19 76) . The s easonal peak preceded the seasonal testosterone 

peak by 10 weeks in the Soay breed , a breed noted for its  marked 

seasonal changes in reprod uc t ive phenomena (Lincoln , 1 9 7 6a ) . Lincoln 

( 19 76�,�) clearly showed that increases in both frequency of episod ic 

LH and testosterone peaks , as well  as a marked eleva t ion in both peak 

and basal l evels of  LH , occurred as daily phot operiod decreased and the 

testes increased in siz e . By compari son, Romney rams d isplayed a marked ly 

smaller seasonal f luc tuat ion in semen charac teristics and reproduct ive 

hormone levels (Barrel! , 1 9 76 ) . 
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( iii)  Circadian Varia t ion . Al though episodic f luctua t ions were 

found in plasma concentrat ions of all anterior pitui-tary hormones 

stud ied (Weitzman et al . ,  1 9 7 5 ) , and circad ian variat ions in secret ion 

of ACTH and cort isol are widely accepted (Resco and Eik-nes ,  1966 ; 

Weit zman e t  al . ,  1 9 7 5 ) , there is conflict ing evidence as to the 

occurrence of circad ian var iat ions of gonad� trophin and testosterone 

secre t ion . Demonstrat ion of such rhythms is confound ed by the widely 

varying plasma collec t ion rout ines and sampl ing frequenc ie s reported in 

the l iterature . A circadian or "about the day" rhythm impl ies a 

consistent pattern f rom day to day (Boon et  al . ,  1 9 7 2 ) , a pattern which 

exists  f or many other functions , such as eat ing and drinking , which 

also are controlled by the hypothalamus . S ingle unit d ischarges o f  

hypothalamic neurons have a c ircadian pattern ( Schmitt , 1 9 7 3) indica t ing 

that rhythms in hypothalamic ac t ivity do exist . 

Work with humans has yielded conflict ing resul t s . On one hand 

some authors have recorded c ircadian variat ions of testosterone 

(Barberia et al . ,  1 97 3 ;  Smals et al . ,  1974)  and LH plasma l evels 

(Bodenheimer et al . ,  1 9 7 3), yet Boon et al . ( 19 7 2 )  and Elwood et al . 

( 1973)  found no such rhythm in secretion o f  testosterone , while de 

Lacerda et a l . ( 19 7 3 )  repor ted no such rhythm of LH output . Peterson e t  

al . ( 1 968)  showed no c ircadian rhythms in e ither LH or FSH . However , 

many authors are in agreement tha t  there was a sleep-related elevat ion 

of LH in pubertal boys associated with the REM stage of sleep (Judd et 

al . ,  1 974 ; Weitzman et al . ,  19 7 5 ; Kulin et a l . ,  1976) . 

Bol t ( 19 7 1 ) , Falvo· et al . ( 19 7 3) ,  Sanford et  al . ( 1 974a) , Carr and 

Land ( 19 7 5 )  and Barrell ( 19 76) a l l  concluded that no c ircadian var ia t ion 

of either LH or testosterone levels occurred in the ram . Chamely et a l . 

( 19 7 3 )  did  not record c ircadian variat ions in secret ion o f  prolact in or 

growth hormone (GH) , but data from B arrel! ( !"9 7 6 )  suggested the 

existence of a consistent elevat ion of plasma prolac t in levels a t  

approxima tely 22 . 00 hours . 

( iv) Hormonal Interrelationships . GnRH elic its an immediate dose­

related output of pituitary LH and FSH ( Schally et al . ,  1 9 7 2�) . However , 

an attempt to demonstra te a relat ionship between peripheral plasma levels 

of GnRH and subsequent LH elevat ions at oestrus in the ewe fafled (Nett  

et  al . ,  1 9 7 4 ) ; this nega t ive result may reflect GnRH assay insens i t iv i t y ,  

technical def icienc ies i n  sample collec t ion , or  a poor correlation 

between hypothalamo-hypophyseal portal and . peripheral plasma GnRH l evels 
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due to the high degree of  d ilution o f  GnRH in peripheral plasma . 

Al though LH stimula t ion of  tes tos terone output is well  es tab lished , 

the qual itat ive and quantita t ive relat ionships between the two are not 

always repeatable . Elwood et  al . ( 1 973 )  showed tha t  testosterone output 

usually followed LH spikes by one hour in man, gut no t all LH eleva tions 

were followed by testosterone output . Both de Lacerda et al . ( 1 9 73)  and 

Murray and Corker ( 1 973)  also showed d isparity between the number of LH 

and testos terone peaks , while Rowe et al . ( 1 975)  summarized the 

s itua t ion in man by stat ing that a testosterone peak may precede , follow,  

or be  totally unrelated to a LH peak . 

Katongole et al . ( 1 9 7 1 ) recorded testosterone peaks 4 0  minutes 

a f ter episod ic LH peaks in bulls , but Smi th et al . ( 1 973 )  found that only 

64 % of LH eleva t ions (greater than 1 ng/ml ) resul ted in elevat ions of 

tes tos terone in the same spec ies . The int erval between LH peaks and 

testosterone peaks approximated one hour in the latter case . 

Sanford et  al . ( 19 74�) , Barrell ( 1 976)  and Lincoln ( 1 9 76�) recorded 

c lose t ime relationships between LH and t estosterone secretory pa tterns 

in rams , with an interval of 40 - 75 minutes between the LH and test­

osterone peaks . Testos terone levels usually began to increase within 20 

minutes of the LH peak . No quantita t ive relat ionship between LH arid 

subsequent testosterone peaks has been reported , but Lincoln ( 19 7 6�) 

reported a d i f ference between LH and sub sequent testosterone levels 

related to daily photoperiod . The testos terone output was greater and 

more rapid when testicular ac t ivity of his Soay rams was highest . 

( 4 )  Feedback Influences on Gonadotrophin Output . 

Tes t icular r emoval. abolished the endogenous testosterone nega t ive 

feedback on LH output in the ram (Bol t ,  1 9 7 1 ;  Pelletier , 1974) . 

Tes tos terone administra tion lowered the pos t-castrat ion r ise in LH ( Riggs 

and Malven , 1 9 7 4 )  but LH administrat ion caused no al teration in 

frequency of LH peaks or in LH levels in ewes (Coppings and Malven , 

1 9 7 5 ) . Exogenous t estosterone delayed and lowered the LH response of  

wethers and intac t rams to GnRH administra t ion (Galloway and Pelletier , 

1 9 7 5 ) . The inhibition of LH secretion in wethers followed a b iphasic 

pat tern ( Pelletier , 1974 ; Gal loway and Pelletier , 1 9 7 5 ) , the pr imary 

inhib i t ion being a t tributed to d irec t depress ion of LH release and the 

second (a delayed e ffec t )  to a temporary decrease in GnRH systhesis . 

These results confirmed ear lier work (Pelletier , 1970)  which showed tha t  
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pituitary LH content rose after testosterone propionate administra t ion 

to wethers ,  whereas two days pos t-treatmen t ,  hypothalamic GnRH ac t ivi ty 

was reduced . I t  is apparent that testosterone had nega t ive ef fec t s  both 

on the p i tuitary , inhibiting output of LH , and in the hypothalamus , 

lowering endogenous GnRH produc t ion and output . 

( 5 )  Nutrit ional Ef fects . 

Mann and Rowson ( 1 957)  found that underfeeding of bul ls  delayed 

puberty and lowered sperm density as compared to results from twin 

control an imals . Gombe and Hansel ( 19 7 3)  reported lower plasma 

progesterone but not LH levels  in underfed heifer s ,  but Gombe et al . 

( 19 73�) reported a reduc t ion . of gonadotrophin-produc ing cells  in calves 

suffering from poor nutrition , offering a possible explanation for poor 

reproduc t ive performance in underfed animal s .  Drymundsson ( 19 73)  

stressed the importance o f  nutritional fac tors in determining the onset 

of puberty in rams . 

(6 )  S t ress Effec ts . 

Anaesthetic and surgical stress resulted in eleva tion of plasma 

LH a n d testos terone levels for up to 24 hours (Carstensen et  al . ,  1 9 7 3 ) . 

Ether stress abolished a 20 . 00 hour circad ian peak o f  LH but increased 

the mean LH level in male ra ts (Dunn et al . ,  1 9 7 2) . Other authors have 

conf irmed that similar stress does no t lower plasma LH level s  (Neill , 

19 70) . In rat s ,  severe b l ood volume depletion raised plasma LH 

concentra t ions ( Seyler and Reichlin , 1 9 73)  an ef fect attributed to 

neurally med ia ted GnRH output , rather than to al tered pitu itary f unc t ion , 

haemoconcentra t ion or LH c learance and metabolism . Social subordinat ion 

s tress decreased testosterone concentrat ions in the ma le rhesus monkey 

( Rose et a l . ,  1 972 ) . Roche et al . ( 19 70)  determined that no alterat ion 

of plasma LH l evels fol lowed d i fferent methods of blood collection from 

sheep although in this species , pro l actin does rise after s tress (Dav i s ,  

19 72) . Thus a variety o f  s tressful procedures result i n  LH increase i n  

many species , b u t  n o  reports of s tr ess-induced a l terat ion o f  LH level s  

i n  sheep appear i n  the l iterature . 

( 7 ) Prolact in . 

Ovine prolactin i s  a protein hormone o f  M .W .  20 , 000 approx . ,  and 

is almost identical to caprine prolactin (McNeilly and Andrews , 1974) . 

Synthesis and s ecretion is from anterior pituitary lac totrophs 
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(Horrob in , 1 9 7 3) and the control of  secre tion has been di scussed ( see 

p , 10) . Prolactin possesses d iverse ac tivit ies including· s t imulation of 

the synthesis of all major components of milk during lactation (along 

with oes trogen , proges terone and o ther hormones) , f luid and e lectrolyte 

maintenanc e ,  and possibly  involvement in mental illness (Horrobin ,  1 9 7 3 ) . 

In this review an attempt has been made to outl ine funct ions of prolac t in 

which may a ffect the male reproduc t ive system . 

Prolac tin is carried free in plasma and has a half -life  in man of  

be tween 1 5  and 20  minutes (Horrobin , 1973)  or 30 minutes ( Frantz et al . ,  

1 9 7 2 ) . As with the other hormones examined , prolac tin showed very wide 

within and between-animal variations in plasma concentra t ions (Davis et 

al . ,  1 97 1 ;  Buttle , 1 9 7 4 ) , 

( i )  Prolactin Output . 

(a)  ·Short-term Pat terns . P lasma prolac t in levels f luc tuated during 

the day in f emale , cas t ra ted male (Hart , 1 9 7 3) and ent ire male goats  

(But t le ,  19 74 ) . Buttle  ( 19 74 )  bel ieved that these fluc tuat ions may have 

been due to a variety o f  s tress fac tors such as feeding and sampling . 

Chamley et  al . ( l973)  showed s imilar fluctuations in rams sub j ected to 

cont inuous b lood sampling . Barrel! ( 19 76) collected blood samples each 

20 minutes for 26 hours from 4 normal rams and recorded f luctuating 

plasma levels with a wel l def ined noc turnal peak at 2 2 . 00 - 24 . 00 hour s . 

Thi s  peak wa s not stress-induced as b lood samples were collec ted a t  a 

remo te sampl ing station and by means of  indwelling catheters ; the 

c ircad ian pat tern of secret ion was abolished . after pinealectomy . 

Episod ic output of prolac tin has been observed in normal and 

p regnant women (Boyar e t  al . ,  1975)  and a s leep-related r ise has been 

seen in both men and women (Sassin e t  a l . ,  1 9 7 2) . 

(b) Seasonal Patterns . Pellet ier ( 19 73)  found that plasma prolact in 

levels of intac t and cas t ra te I le de France rams were posi t ively 

correlated with daily pho toperiod , when the animals were sub j ec ted to 

art i f icial light ing regimes . A s imilar relationship between length of 

daylight and prolac tin l evels was recorded from Romney �ams grazed .on 

pas ture or housed under artific ia l  ligh t ing regimes (Barrell ,  1 9 76 ) . 

Barrell ( 19 7 6 )  also showed that p inealectomy abolished this pat tern , 

indicat ing a p ineal gland modulation of seasonal ity of pro lac t in output 

in rams . Recently Ravaul t  et  a l . ( 19 76 )  reported a " 16th hour" 

photosensit ive phase for prolac t in secretion in rams ; one hour l ight 



pulses given 16  hours after dawn will counterac t the shortened 

daylight  effect of intervening periods of darkness . 

S imilar seasonal fluc tua tions in prolactin secretion were 

recorded from goa t s  by But tle  ( 1 9 74)  who sugg�sted that eleva ted 

pro lac t i-n levels  may aid salt retention during sununer , or stimula t e  

spermatogenesis i n  anticipation of the breed ing season . 
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(c)  Pubertal Pa t terns . Oxender et al . ( l972)  detec ted prolac t in in 
the serum of very early foe ta l calves ; these level s inc reased almost  

twenty-fold towards parturition , then fell  rapidly shortly after  b irth . 

In foeta l shee p ,  prolactin could not be detec ted before 122  days , then 

suh sequcn t l. y l. Pvc l A  we r e  h i gh (Moger mrl Gcschwind , 1 9 7 1 ) . 

Mal e  rats produced increasing amount s  o f  prolac t in 2 5  days after 

b irth ,  with peak levels at 70 - 9 0  days (Dohl er and Wut tke , 1975 ) ; this 

pattern paral leled ventral prostate growth (Negro-Vilar et al . ,  1 9 7 3) . 

Before puberty , autumn born rams exhibited a small rise in prolac t in 

concentrations a t  two weeks o f  age ; this was followed by  a drama t ic 

rise a t  7 0  days of age and last ed 1 - 2 weeks , before plasma levels 

dropped to earlier values (Couro t ,  19 74 ; Ravault and Courot , 1 9 7 5) . 

Though these rams were born out s ide the normal breeding season , the 

normal seasonal prolactin elevat ion occurred as  summer  approached . The 

70 day peak occurred a t  the period of maximal testis growth and the 

commencement of sperma togenesis . Presen tly , the pattern of prolact in 

output from spr ing born lambs has not been reported . 

( ii )  Role  of Prolactin in Mal e  Reproduc t ion . As yet ,  no definite  

rol e  has  been ascribed to  prolac t in in  the regulation of reproduct ive 

func tion in rams and there is a pa uci ty of information about the role 

of prolact in in males in general .  However , in the female , prolact in does 

influenc e  reproduc t ion since oestrous cycling can be init iat ed by the 

use of prolactin suppressants such as bromergo cryptine (Kann and 

Martinet, 1 9 7 5 ) . Kann and Denamur ( 1974)  suggested that the preovulatory 

prolac t in rise may have been responsible  for s teroidogenesis and 

luteinizat ion in ewes , but Karsch et al . ( 19 7 1 ) failed to ma intain the 

corpus luteum of sheep with prolac t in alone . 

Spec i f ic prolac t in binding sites have b e en found in many rat 

tissues , particularly l iver , testes , epididymides , seminal vesicles and 

prostates (Aragona and Friesen , 1 9 75) . Testicular binding sit es increase 

with age from 20 - 70 days in this spec ies . Prolac tin ac ted synergis t ic-
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a lly with testosterone to  raise the DNA and RNA content of castrate rat 

ventral prostates (Thomas and Manandhar , 1 9 7 5 ) . Prolac t in raised 

t e s t icular 1 7 - 8 -0H steroid dehydrogenase levels in enzyme defic ient 

dwarf mice (Musto et al . ,  1972) . This enzyme increased in quant ity with 

the onset of  puber ty , rai sing the possibility that prolac t in may have 

a role in the onset of puberty .  In the pros tate tissue , prolactin 

s t imu lated ad enyl cyclase activity , a mechanism of ac tion common to many 

hormones ( Golder et al . ,  1 9 7 2 ) . 

Bartke ( 1 9 7 1�) has shown that together , prolac tin and LH increased 

t est icular cholesterol ester stores , whereas LH tended to diminish such 

s tores in favour of testosterone synthes i s ,  and pro lac t in alone had no 

e ffec t .  Af ter hypophysec tomy of ra ts � prolac t in produced a small  rise 

in spermatid numbers , but together with LH completely restored spermato­

genesis ; an e f f ec t  greater than that achieved by LH alone (Bartke , 

1 9 7 1�) . Testosterone alone had a spermatogenic func t ion in this 

s i tua tion , thus Bartke ( 1 9 7 1�) concluded that prolactin may have aided 

t es tosterone synthesis or output . Hafiez  et a l . ( 19 7 2 )  supported this 

hypothesis and showed tha t  prolac tin a lone s t imulated testosterone 

output to a l imited extent in rat s ;  s imil ar prolac t in augmented output 

of  testosterone has been recorded in man ( Rubin et  a l . ,  1976) . Thus one 

can only specula te  as to the prec ise role of prolact in on the reproduc t ive 

sys t em in males , particularly in the domestic spec ies . 

3 .  SEXUAL STIMULI AND HORMONE OUTPUT 

Amongst  domestic anima l s ,  sexual s timuli  have b een shown to 

produce a vari e ty of  hormonal respons es . Following sexual s timulation of  

two b ulls , Katongole e t  a l . ( 1 9 7 1 )  not ed an  immediate  LH and subsequent 

testosterone e levat ion . Other authors ( Convey et  al . ,  1 9 7 1 ;  Smith et a l . ,  

1 9 7 3) were unabl e  to show such an elevat ion after false mounts or 

"sexual preparat ion" , but a small non-s igni ficant eleva t ion occurred 

af ter ejaculat ion . Al though Gombe e t  a l . ( 19 7 3�) did not record a r ise 

in LH in bull s , Convey et  al . ( 19 7 1 )  showed a .  marked rise in plasma 

prolac tin concentra t ions a f ter ej aculation . 

Sanford ( 19 74)  exposed three young , two yearling and two mature 

rams to a single mat ing , continued mat ing and to the stimulat ion of  

ob serving an oestrous ewe . Of  the seven rams , one young ram responded to 

a l l  three s t imul i  by releasing LH and testosterone , one yearl ing 

responded to mat ing , and one young and one mature ram responded to the 
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ob serva t ion of  an oes trous ewe . In  a subsequent experiment Sanford ( 1 9 74 )  

found that when two mature rams were placed together with oes trous ewe s ,  

their normal twenty four hour LH and t estosterone secretory patterns were 

marked ly al tered . The maj ority of the 44 and 24 mounts  undertaken by 

respec tive rams occurred in the first 12 hours , during which time 

peaking of LH and testost erone in plasma cont inued but at  a greater 

frequency than normal . Dur ing the following 1 2  hours LH and testosterone 

peaks virtually ceased , resul t ing in a dramat ic fall in mean hormone 

output . 

4 .  TESTOSTERONE .  

Tes tosterone , its  precursors dehydroepiandrosterone , androstane­

dial and androstened ione , and i t s  metabolite 5 a-dihydrotestosterone 

(DHT) are found in plasma . Approximately 9 �% of circulating androgen is 

bound to one of three proteins : the highly spec ific sex hormone b inding 

globulin (SHBG) , albumin , or the less spec ific cortisol binding 

globulin ( I sma il , 1976 ) . It was bel iev ed that only the unbound steroid 

was biologically ac t ive , but it is now considered likely that  the 

bound frac t ion is also capable of biological ac t ivity ( I smail , 1976 ) . 

Tes tosterone synthesis is the func t ion of the Leydig cells 

( Ismai l ,  1976 ) , but van der Molen and De Bruyn ( 1 9 7 1 )  and Lacey e t  al . 

( 1 9 7 2) be l ieve that Serto l i cells also produced testos terone , under the 

s t imulus of FSH . This seminiferous tubular produc t ion may be  responsible 

for d irec t ma intenance of the germinal epith el ium .  

( 1 ) Metabol ism o f  Tes tos terone . 

Tes tos terone is largely metabolised in the l iver t o  androstene­

d ione and o ther weak androgens , though a second pa thway involving 

changes in the A-ring does occur and y ields more potent androgen by­

produc ts ( I sma i l ,  1976) . These metabol i tes are then conj ugat ed as 

glucuronides or sulphates and excreted in the b ile . 

In peripheral t issues possess ing androgen receptors , testos terone 

is metabolised by the enzyme 5 a -reduc tase to b ecome DHT (Dj osland e t  

al . ,  197 3 ;  Ma inwar ing and Mangan , 1 9 73 ; Minguel l  and Sierralta , 1 9 7 5 ) . 

Such tissues include the epididymis and accesso ry glands . The 5 a ­

reduced form is considered to b e  the ac t ive metabolite  o f  t es to sterone 

and is found in plasma in a consistent  rat io with testo s t erone 

(Vermuelen , 1 9 7 6 ) . Andros tenedione possesses only 20% of the ac t ivity of 
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testosterone . 

Though some authors believe DHT to be the neuroac t ive metabolite 

of  testosterone (Mar t ini , 1970 ; Sho l i ton , 1 9 7 2 ) , Naf tolin et  al . ( 1975)  

presented evidence supporting the hypothesis that in fact oestrogens 

were the ac t ive metabol ites in neuroendocrine tissues . These authors 

have shown that testosterone-induced CNS sexual differentiation was 

mimicked by oestrogen and indeed , oestrogens d id exert a negative 

feedback on gonadotrophin output in the male o f  many species , including 

sheep (Bol t ,  1 9 7 1 ;  Riggs and Malven , 1974) . MacDonald et al . ( 19 7 1 )  

suggested that the peripheral oestrogen found in the male was a product 

of target organ metabolism of testosterone . 

Testosterone has been ascribed three plasma half-l ife phases :  

0 . 1 1 , 0 . 5 5  and 3 . 4 1  hours respect ively (Ismail ,  1976) . 

( 2 )  Ac t ions of  Testosterone . 

Discussion of the mechanisms o f  sex steroid ac t ions i s  outs ide  

the scope o f  the present review , but  i s  the subject of  two recent 

comprehensive reviews (Minguell and S ierral t a ,  19 75 ; Gorski and Gannon , 

1976) . 

Testosterone in rams was concentrated in the testis  by a counter­

current exchange between the pampiniform plexus and spermatic artery 

( Ginther et al . ,  1 9 74 ) . I t  was found in s ignificant quanti ties in 

seminiferous t ubules and rete testis f luid and primarily was active in 
promoting spermatogenesi s  and spermatozoal maturation ( Cooper and 

Wai tes , 19 75 ) . 

( i) S.permatogenesis . Though i t  is difficult to isolate the 

func tions of the individual hormones involved in spermatogenesis , it is  

c lear that both gonadotrophins and testosterone are necessary for 

complete spermatogenesis in the adult after hypophysec tomy � provided 

testicular atrophy has not taken p lace (Steinberger , 197 1 ;  Ahmad et al . 

1 9 7 3) . Testosterone also was necessary for epididymal sperma to zoal 

maturation , s ince when the testes were removed and the epididymides left , 

the remaining epididymal spermatozoa became incapable of  fertiliza tion 

( Dyson and Orgebin-Crist , 1973) . Rete tes t is fluid had a high content  

o f  testosteron e ,  but relatively more DHT was found in the  epididymis 

and the rest of the reproduc tive tract (Ganj am and Amann, 1 9 7 3) . 

S eminiferous tubule androgen was bound to a protein possibly formed 
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following FSH st imulat ion of S ertoli cel l s  (Hansson e t  al . ,  1 9 7 4 ) . 

Androgen administrat ion in low doses suppressed sperma togenesis 

ind irectly in intac t adul t males , but high doses were capab le of 

ma intainirig seminiferous tubular epithel ium and sperma togenesis by 

direc t ac t ion at the testicular level ( Steinberger , 1 9 7 1 ) . Androgen was 

no ted a s  early as the 1 9 30 ' s  to prevent the onset of spermatogenesis o f  

the prepubertal tes t is through suppression of pituitary gonadotroph in 

secret ion (Moore and Pric e ,  19 32) . Gonado trophins on the other hand , 

were stimulatory to the onset of  spermatogenes is (Lunenfield and 

Weissing , 1972 ) . Localised sperma togenes is  has been no ted in a pre­

pubertal human subj ec t adjacent to an androgen secreting Leyd ig cell 

tumor , further confusing the role of androgen in the initiat ion of 

sperma togenesis ( S teinberger et  al . ,  1 9 7 3) . 

( ii) Accessory Reproduct ive Struc tures . Mann ( 19 74)  described 

var ious aspect s  of the specific dependence of the bovine accessory 

reproduc tive organs on testosterone for both structural and func t ional 

normality .  Fruc tose and citric acid output by these glands was androgen 

dependent , and af ter castration the produc tion of these could be 

ma intained by testosterone or DHT replacement therapy . Atrophy o f  

accessory struc tures after castration is well  known . The role o f  

testosterone i n  determining reproduc tive anatomical development has 

been discussed ( see p l � .  

( iii) Tes tos terone Feedbacks . Testosterone suppressed the post­

cas tration rise in gonado trophins (Davidson , 1966 ; Pelletier , 1 9 7 4 )  and 

maintained normal p ituitary gonadotroph struc ture . Nega t ive feedback 

receptors have been localised in the MBH (Davidson , 1966)  and in the ME 

(Davidson et al . ,  1968) . Others (Sar and Stump f ,  1 97 3 ;  Perez-Palicios 

et al . ,  1 9 7 3) also have demonstrated the presence of steroid rec eptors 

in the arcuate nucleus , VMH , POA, Stria terminalis , lateral septum ,  

hippocampus and amygdala , areas involved in regulation o f  gonadotrophin 

secret ion and sex b ehaviour . Pituitary uptake of  androgen was high 

Perez-Pal icios et a l . ,  1 9 7 3) and androgens can suppress GnRH s t imulated 

gonadotrophin output f rom pituitaries in vit ro (Kao and Weis z , 19 7 5 )  and 

in vivo , both in man (von zur Muhlen and Koberling , 1 9 7 3 )  and the ram 

(Pelletier , 1974 ; Galloway and Pelletier , 1 9 7 5) . 

( iv)  Sexual Behaviour . Initiation and maintenance of  male sexual 

behaviour is totally androgen dependent , and the role of steroids in this 

phenomenon has been discussed in many reviews (Phoenix et  al . ,  1966 ; 



28 

Lisk , 1 96 6 ;  Davidson and Levine , 1 9 7 2 ) . 

The POA , amygdala and possibly other hypothalamic areas form an 

androgen sensitive behavioural control system (Davidson and Levine , 

1 9 7 2 ) . These behaviour centres are more "dose-sensi t ive" than peripheral 

androgen sensit ive t issues . Oestrogen possessed ac t ivity akin to 

testosterone in init iation of  s ex behaviour in hamsters  and rats , 

whereas no per iph era l andro gen ic e f f ec ts of oes trogen were seen 
(Conigl io et  al . ,  1 9 7 3 ;  Sodersten 1 9 7 3) . Yet other authors (Davidson 

and Levine , 1 9 72 ; Luttge and Hall , 1 9 7 3 ;  Morali et al . ,  1 9 7 4 )  have 

claimed that oestrogen was mor e  effec t ive in s t imula t ion of sexual 

behaviour than DHT or other non-oestrogen androgen metabolites . These 

find ings support those of Naf tolin et  al . ( 1975)  who suggested that CNS 

t issues convert t estosterone t o  oestrogen , the active metabolite in this 

tissue . 

5 .  GONADAL AND REPRODUCTIVE TRACT DEVELOPMENT 

( 1 ) Foetal . 

The testes develop from undifferen t iated gonads on the urogenital 

ridges , and in sheep become d i s tinguishable from the female gonad with 

the appearance of the tunica a lbuginea at days 34 - 35 (Sapsford , 196 2 ;  

Geir and Marion , 19 70) . Primord ial germ cell s ,  presumab ly from yolk sac 

endoderm, were present as early as 29 days ( Sapsford , 1962 ) , and later 

were s een to be included in ingrowing aggregations o f  coelomic 

epithelial cel ls in clumps or groups , which become the sex cords . 

Inter s t i t ial cell s ,  derived from mesenchyme , are distinguishab le within 

two days of gonada l  differentiation . 

At 4 2  days , shortly after d ifferen t ia tion , the t estis  consists  of 

sex cords which are the solid precursors of  seminiferous t ubules ; 

between these is f ibrous connec t ive t issue containing b lood vessels and 

inters t it ial cells ( Sapsford , 1962) . The testis cords contain peripheral 

indifferent cells ( future Sertoli  cells) and central gonocytes , the 

future gametogenic stem cells .  Each cord is surrounded by a complex 

series of  memb ranes ( Steffert , 1 9 7 1 ) . 

Ind ifferent cells const itute the maj or ity of the cord cells and 

cytoplasmic processes extend into the centre . Cord d iameter increases 

with indifferent cell and gonocyte d ivision , and indifferent cell growth . 

Though indifferent cell bo�ndaries are ind i s t inct and have a syncytial 
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appea rance ,  Sapsford ( 19 5 7 )  believed they were in fac t individual units . 

Descen t o f  t h e  te s t e s occurs as the gubernaculum contrac ts and 

t h e  surround ing tissues grow , drawing the tes tes and assoc ia ted duc t s  

toward the inguinal cana l ,  after which fur ther contract ion o f  the 

gubernaculum and intra-abdominal pressure results in passage into the 

scro tal sac . Testicular descent  is completed in foetal rams by day 80 

(Geir and Mar ion , 1 9 70) . 

( 2 ) Po A t. na t a l .  

Sapsford ( 1 964)  described the development of the gonocyte of the 

ram in detail . Gonocytes of the early foetus undergo many morphological 

changes . Usually centrally placed and enveloped by indif ferent cell 

cytoplasm ,  gonocytes are easi ly d ist inguishab le by having a large round 

nucleus  with two to f our nucleoli and well def ined cytoplasm . Mitot ic 

figures s ignify cont inuing gonocyte division through the prepubertal 

stage , though some abnormally large degenerat ing cells  may also be noted . 

Ma ture gonocytes , the second phase gonocytes present at  b irth , show 

finer nucl ear chromat in and f ewer nucleoli ,  in contrast  with the earlier 

clumped chroma tin and mul tiple nuc leol i .  Nuclear enlargement and 

disappearance o f  all  but one of the nucleoli distinguishes the third 

phase in gonocyte development , the prospermatogonia . These cells 

resemble the adult type A spermatogonia , bu t are generally larger . They 

contain rounded nuc le i ,  and usua lly retain a c entral pos ition in the 

sex cord s . The prosperrna togonia appear as the ram approaches a body 

weight of 1 5  Kg . 

Tes t icular growth was slow up to about 7 0  days (Steffert , 19 7 1 ) , 

then followed a period of more rapid growth which was concurrent with 

the onset of spermatogenesis . Tryis  period of accelerated growth occurred 

at different ages in different breed s ,  being earlier in h igh prolif icacy 

breeds such as the Finnish Landrac e ,  and even more so in cross-breeds 

(Land , 1 9 73) . When body we ight reached approximately 2 1  kg in the 

Mer ino ( Sapsford , 1962)  and Romney (Steffer t ,  19 7 1 ) , or when the testis 

reached 6g in the Ile de  France ( Couro t ,  1962)  or lOg in the Romney 

(Steffert , 19 7 1 ) , the sex cords enlar�d further and lumina began to 

appear . Pro spermatogonia assume their adul t posit ion on the basement 

membrane and transform into type A spermatogonia , which have a flattened 

appearance and dis t inc t oval nuclei . In the Ile de France breed , as the 

testis approaches 1 2g ,  primary spermatocytes appear , sperma t ids  appear 
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when the tes t is is 30g , and mature spermatozoa when 65g . In Suffolks , 

Skinner et a l . ( 1 968) found primary sperma tocytes at 70 days of  age , 

sperma t ids a t  105 days , and spermatozoa in the lOOg testis at  1 12 days . 

Data of Carman and Green ( 1952)  for the Southdown breed and Skinner et  

al . ( 1 968) for  the Suffolk breed have highlighted between-breed 

dif ferenc es in the timing of  onset o f  sperma togenesis , .even though the 

sequenc e of even ts wa s the same . Most authors (Dun , 1955 ; Wa t son et al . ,  

1 9 5 6 ;  Courot , 1962 ; Steffert , 19 7 1 ) have found tha t test icular 

development wa s closely related to body weight  ra ther than age , during 

the pubertal phase . Seminiferous tubular d iameter increased from 40 � 

at birth , to 60�  at 56 days ,  and 1 85 � at 1 1 2 days in Suffolks , after 

which the d iameter remained reasonably constant until at least  168 days 

(Skinner et al . ,  1 968) . A s imilar increase was recorded in Merinos as 

test is weights  approached 300g (Watson et al . ,  1956) . 

Concurrent with f inal gonocyte maturat ion , indifferent cells 

become Serto l i  cells with tongue-l ike cytoplasmic proj ec t ions 

penetrating toward the tub ular lumen to provide points of  at tachment 

for spermatid s .  Leydig cell  numbers increase throughout foetal l ife 

(Sapsford , 1 9 6 2 )  appearing singly ,  in cords or in clumps . Many foetal 

and prepubertal inter s t i t ial cells have dis t inct eosinophilic 

cytoplasmic granules which increase in number until the 7 0th day of  

foe tal life ,  then as matur ity approach es , granulation d iminishes . In the 

adult ,  Leydig cells are s ituated in the triangular areas between 

adj acent seminiferous tubules . 

Not ·all  tubules commence spermatogenesis s imultaneously , thus 

tubules of many developmental s tages may appear in the one testis . Those 

tubules containing free spermatozoa are considered mature ,  and are 

structurally and func t ionally s imilar to those of  adult rams . The adult 

sperraatogenic cycle commences immediately , though quantitatively , 

spermatogenesi s  increases toward adulthood ( Courot , 1962 ; Wat son et al . ,  

1956) . Steffert ( 19 7 1 ) found completion of spermatogenesis in all  

Romney rams with body weights of  over 27Kg .  

Epididymal weigh t s  paralleled the biphas ic pattern o f  testicular 

growth (Watson et  al . ,  1 9 56 ; Skinner et  al . ,  1968) , with a sharp 

increase at the time that spermatozoa appeared in the epididymal tubule . 

The basic struc ture of  the seminal vesicle of  the young resembles that 

of  the adult ,  but as pub erty progresses , the lumen of secretory lobules 

increase in size  and secretion commences (Skinner et al . ,  1968) . The 
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pituitary gland also increases in weight up to 9 8  days in Suffolk rams 

Skinner et al . ,  1968)  and 1 1 2 days in Dorper rams ( Skinner , 1 97 1 ) . 

Prior to puberty the urethral process is adherent to the penis 

and the glans penis to the prepuce ( Johnstone � 1 948) . The urethral 

process becomes free at 1 12 days in Dorper rams ( Skinner , 1 9 7 1 )  while 

urethral process and preput ia! adhes ions are broken down between 105 and 

140 days in the Mer ino (Johns tone , 1948) . Dun ( 1955) c laimed that 

collec tion of semen was no t possible while these adhesions were present , 

though Skinner and Rowson ( 1968)  collec ted semen earl ier . 

6 .  PREPUBERTAL NEUROENDOCRINE MECHANISMS 

Foetal pituitary tissue contains an increas ing amount of bioactive 

LH over the final 30 days of intra-uterine life (Foster et al . ,  1 9 7 2�) 

and a further elevat ion occurs postnatally ( Skinner et  al . ,  1968) . 

Castrat ion of rams 1 - 4 days a fter b irth r esulted in a r ise in plasma 

LH levels , but unl ike the s itua t ion in adult rams , pituitary LH content 

did no t increase ( Fo ster et a l . ,  1 972�) . Between 30 and 1 50 days of age 

the pos t-cas trat ion rise in plasma LH levels can be suppressed by 

testosterone propionate (Crim and Geschwind , 1972�) demonstra t ing the 

existence of prepubertal steroid nega t ive feedback mechanisms . 

Pituitaries of 1 2 6  - 138 day foetal , and 3 ,  1 1  and 68 day postnatal rams 

responded to both crude hypothalamic extrac t and purified porcine GnRH 

in a manner similar to adul t s ,  but the 3 and 1 1  day animals  produced 

less LH than the o ther animals , a finding which was consistent  with data 

on pituitary LH content ( Fos ter et al . ,  1 9 7 2£) . LH releasing act ivity 

could no t be shown in the hypothalamus o f  30 - 1 4 7  day foetal lambs but 

was present in 14 - 18 day neonatal rams ( Fos ter et al . ,  1 9 7 2i) . The 

apparen t absence o f  GnRH from foetal hypo thalamic tissue may have been 

due to assay insensitivity . 

Using the hypo physectomised prepubertal ram as a model , Courot 

( 1 96 7)  examined endocrine control of the testis . Following pituitary 

removal ,  testis and seminal vesicular weights  dropped , and sex cords 

were reduced in d iameter . Supporting cell numbers were �alved , but 

gonocytes were unaffected . However , p ituitary extract s , or LH and FSH 

replacement therapy restored gametogenic act ivity . If given alone , very 

high levels of tes tosterone were necessary for the maintenance o f  

test icular growth . Thus prepubertal testes , l ike the adul t ,  �equired LH 

and FSH for struc tural and funct ional maintenance .  



Thus the maj ority o f  ava ilable  evidence suggest s  that the 

neuroendoc r ine control mechanisms and hormonal requirements  of the 

gonad prior to puberty are s imilar to those o f  the adul t . 

7 .  THE ONSET AND CONTROL OF PUBERTY 

32 

Puberty is a pha se in sexual ma turat ion during which the onse t  of 

spermatogenesis occurs and there is accelerated growth and development 

of the gonad s and accessory reproduct ive s truc tures lead ing to the 

attainment of the potent ial to reproduce . 

Though the control o f  the onset of puberty has been the subjec t  

o f  many and extensive publ ications and reviews (Critchlow and Bar-Sela , 

1967 ; Kragh t  and Masken , 1972 ; Ramirez , 197 3 ;  McCann , 1 9 7 6 )  the exact  

na ture o f  the  factors involved in  governing this  phenomenon remain an 

enigma . A brie f  summary of current concepts is presented . 

Low prepubertal levels of gonadotrophins , sex s teroids and 

pos s ibly prolac tin probab l y  relate to an "immaturity" o f  hypothalamic 

f eedback receptor sites , or of the cells involved in feedback mechamisms . 

Such feedback systems are highly sensitive to androgen when compared to 

those of the adult . As a resul t ,  gonadotrophins are secreted in 

quantities insufficient  to  s t imulate  gonadal growth and development . 

Intrahypothalamic implan t s  of testos terone delay male pub erty ,  ME 

implant s  be ing the mos t  successful ( Smith and Davidson , 1967 ) . However , 

the dose of testosterore' necessuy for suppressim c:fgonado troph in output 

prepubertally was s igni ficantly less than that required for the parallel 

ef f ec t  in adul t s . Smith and Davidson ( 1967)  suggested that this 

indicated a d ec reasing sensitivity of s teroid receptor s ites in the 

hypothalamus as puberty progressed . Changes o ther than to receptor 

s ites may also occur . Altera t ion of hormone transport forms (McCann , 

1 9 7 6 ) , as wel l  as altered intraneuronal act ivity , may affect feedback 

systems . Ramirez ( 19 73)  refuted the hypothesis that steroid metabolism 

altered during puberty , but concurred with the view that hypothalamic 

s teroid sensi t ivity changed in some way . Hypothalamic c a techolamine 

content increased during puberty (Kraght and Masken, 1 9 7 2 ) , a factor 

possibly associated with increased GnRH out put . However , Ramirez ( 19 7 3 )  

emphasised the paucity of data allowing formulat ion of concept s  of the 

control of puberty in the male . 

Al terat ion of the b ehaviour o f  extrahypothalamic l imbic s tructures 

suggested that extrinsic modulat ing influences may ac t on the 



33 

hypothalamus , in conj unction with intr insic changes ,  to influence the 

course of  puberty (Teresawa and Timiras , 1968) . Lesions of  the amygdala 

in female  rats advanced the onset  of · puberty  suggest ing an inhibi tory 

or delaying influence of . this centre . 

Current concept s of the major  neuroendocr ine event s  occurring 

during puberty,  and d iscussed in the reviews ment ioned above, can b e  

summar ized : 

As the intrinsic sensitivity of  hypothalamic feedback integrators 

decreases , the release of  GnRH gradually increases . The resul t ing 

grea ter outp� of gonadotrophins st imulates gonadal steroidog�nesis and 

the onset of spermatogenesis . Sub sequently , t estos terone affects androgen 

sens itive t issues causing anatomical development of  the male reproduc tive 

sys tem as well as maintaining a modulat ing influence on gonadotrophin 

output . With t ime , the hypothalamic feedback centres reach another "set 

point" or level of  sensitivity , a fter which no further sensitivity 

changes occur and . the neuroendocrine axis has reached i t s  adult level , 

produc ing greater quantities of  hormones than in the prepubertal 

subj ec t . 

Thi s  theory however , fal l s  shor t  of explaining the many varied 

endocr ine changes which occur f rom b ir th t o  maturity , as d iscussed 

below for the sheep . S ince mos t  of the evidence upon which this theory 

is based was from the rat , it is not possible to extend its  implicat ions 

to o ther species . I t  is likely also that the hypothesi s  will be altered 

in the f uture as more intense fundamental neuroendocrine , anatomical and 

b iochemical research i s  done and therefore the hypothe s is as presented 
-

must be  regarded as tentat ive . 

8 .  ENDOCRINE PATTERNS THROUGH PUBERTY IN RAMS 

( 1 )  Luteinizing Hormone . 

Plasma LH concentrations show a steady r ise from b ir th unt il 

approximately 70 days , whereupon levels become var iable ( Courot 1 9 7 4 ; 

Co tta e t  al . ,  197 5 ; Courot et al . ,  19 72 ; Lee et al . ,  1 976�) , and this 

pattern occurs regardless of the season of  b irth (Courot et al . ,  1 9 7 5 ) . 

The init ial increase in LH levels correlated c losely with the testost­

erone pa t tern , but was unrelated to the test i s  growth spurt and the 

onset of sperma togenesis . 

Sanford ( 19 7 4 )  compared LH levels in 2 to 7 month old,  yearling 
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and adu lt rams and found h ighest levels at 2 - 3 months of  age ; 

unfortunately he d id not measure LH levels in younger rams . Thimonier 

et a l . ( 19 7 2 )  observed that the rise in LH secretion which occurred 

between 4 and 1 1  weeks was greater in ram lambs of h igh prolificacy 

breeds . 

Pituitary LH content rose sharply from 20 - 80 days and remained 

high thereafter ( Skinner et al . ,  1968 ; Fos ter et al . ,  1 9 7 2a ; Courot et 

al . ,  1975) ind icating greater storage capacity prior to the onset of 

spermatogenesis . 

( 2 )  Follicle  Stimulat ing Hormone .  

Between 30 and 1 50 days of  age plasma FSH concentrat ions in rams 

remained rela t ively constant ( Crim and Geschwind , 1972�) . However , Lee 

et a l . ( 1976�) recently reported that  FSH levels of ram lamb s rose from 

1 1  - 22 ng/ml a t  b ir th ,  to a mean peak o f  4 7  ng/ml at f ive weeks , then 

dropped again to 30 - 40 ng/ml thereafter . FSH l evels were seen to 

display episod ic elevations but these were not as marked as those o f  

LH . 

( 3) Testosterone . 

Peripheral plasma levels of testosterone were low at b irth , but 

rose at between 3 and 5 months in Ile de  France rams (Attal et a l . ,  

1 9 7 2 )  and at up to 4 1  weeks in the Mer ino (Lee et al . ,  19761) . Cotta 

et al . ( 19 75 )  and Courot ( 19 74 )  described a gradual rise in plasma 

testosterone concentration from birth to approximately 100 days in Ile  

de  France ram lamb s ,  which was followed by a relative stabilization of  

levels up  to  1 50 days . These authors  emphasised that this pattern was 

no t spec ifically assoc iated with the onset of puberty . Crirn and 

Geschwind ( 1 972E_) found an age-related rise  in spermatic vein 

testosterone l ev;els up to 30 weeks , with h ighest level s  occurring once 

the ini t iation o f  spermatogenesis was complete . 

( 4 )  Prolact in .  

Patterns o f  prolactin l evels in plasma during pub erty have been 

discussed in an earlier sect ion (p 23) . 

( 5 )  Response to GnRH . 

Foster et  a l . ( 19 72�) found that pituitary LH responses to 

exogenous GnRH were higher in 68  day old , rather than in 3 or 1 1  day 
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old rams , a find ing which was consistent with known increases in 

pituitary LH content during this period (Foster et al . ,  1 972£) . 

Galloway and Pelletier ( 1 974)  inj ec ted GnRH into young rams and 

observed that the LH response rose between days 7 and 4 0 ,  and between 

days 20 and 60 in two groups o f  animals . Lee et al . ( 1 9 76b) found that  

response to intracaro tid inj ec t ion of GnRH was low in  2 and 4 week old 

rams , but signif icantly higher in rams of  2 to 3 months of  age . FSH 

did not follow the LH output pat tern , and no change in response was 

seen wi th age . 

9. THE EJACULATE AT PUBERTY 

Skinner et al . ( 1 968) attempted to collect elec troej aculates 

from 30 days of  age onward , but were succes sful only after 42 days in 

spring born lamb s ,  and 63 days in lambs born out of season . 

Sperma to zoa appeared in ej acula tes at 1 15 - 146 days . Breed dif ference s  

in the t ime of appearanc e o f  sperma tozoa in ej aculates , summarized b y  

Skinner and Rowson ( 1 968) , range from 1 03 days in Suffolk c rossbred s 

to 2 1 3  days in Mer inos . The age at which spermatozoa first appear in 

ej aculates was marked ly affec ted by the season of  bir th and was most  

rapid in  spring born rams (Alberio and Colas , 1 976) . Epididymal 

spermatozoal reserves were lower in imma ture rams , and an increasingly 

large number of spermatozoa per ejaculate were noted throughout puberty 

( Skinner and Rowson , 1 968 ; Courot ,  1976) . The latter author noted that 

this increase in produc tion of spermatozoa was accompanied by an 

improvement in motility and morphology ,  while Skinner and Rowson ( 1968)  

noted tha t seminal fruc tose and c i tr ic ac id l evels , indicative of 

androgen l evels , also rose during pubertal development . 

10. SPERMATOGENESIS IN THE ADULT 

Spermatozoal production is a c yclical event subdivided on the 

basis of seminiferous tubule cellular content into eight stages , or if 

regard to the spermato zoal acrosomal development is included , into 1 4  

s tages (Couro t et  al . ,  1 9 70) . A detailed description o f  the dynamics o f  

spermatogenes is in the ram i s  t o  b e  found in reviews by Ortavant et  al . 

( 1969)  and Courot et al . ( 1 9 70) . 

Type A spermatogonia divide to provide a r eplacement spermatogonium 

and an intermedia te spermatogonium. Type B spermatogonia are produced 

subsequently and divide to produce up to 16 d iploid cells , the primary 
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sperma tocytes . Meio t ic d ivision of these cells  resul ts in the produc t ion 

of X and Y chromosome bearing secondary spermatocytes . Secondary 

spermatocytes are short l ived and a further mitotic d ivision produces 

the round spermatids . Me tamorphos is of spermat ids to become 

sperma tozoa (Spermiogenes is) is the sum o f  nucl ear and cytoplasmic 

changes including nuc l ea r  elonga t ion , acrosome format ion , mitochondrial  

aggregat ion and tail  formation . 

Though the immedia te post-pub ertal testis produces spermatozoa 

by a cycl ical process identical to the seminiferous cycle of the adul t ,  

cont inued testicular growth to adul t weight i s  responsible for 

increased spermatozoal produc t ion . The duration of  the spermatogenic 

cycle of the ram was found to b e  49 days (Ortavant et al . ,  1 969 ) and 

epididymal passage usually required 1 1  - 1 5  days . Sperma togenic cycles  

of the pubertal ram were longer than those o f  the adult due to cel lular 

degenerat ion and delayed cellular processes , and the qua l ity of semen 

produced following the f irst appearance of  sperma tozoa in the ejaculate 

improved d rama tically during the f irst 3 months of produc tion (Couro t ,  

1976) . 

The yield of spermatozoa was influenced by many factor s ,  many of 

which influence the pr imary stages of  sperma togenesis , the spermatogonial 

divisions ( Courot et al . ,  1970) . Many spermatocytes degenera ted , 

particularly under influences such as elevated scrotal temperature ,  and 
hence l imited the effic iency of spermatogenesis ( Ortavant et al . ,  1969) . 
Total spermato zoal numbers produced b y  the adult  depend largely on the 
test icular volume (Lino , 1 9 72) . Large photoperiod-induced changes  in 
test icular volume of rams have b een r eported (Lincoln , 1 9 7 6� )  together 

with. 
a decrease in spermatozoal production per unit weight  of testis 

(Barrell , 1976) , were responsible for decreased spermatozoal output 

in the non-breeding season . 

1 1 . PURPOSE OF THE PRESENT STUDY 
. 

The investigations describ ed in this thesis involved the use of  
radioimmunoassay procedures for measurement o f  peripheral plasma levels 
of ovine LH , testosterone and pro lac t in in order to study a spects o f  
their secretion and physiological f unct ions i n  the New Zealand Romney 
ram . 

The study was designed to estab lish the patterns o f  secretion o f  
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these hormones from b ir th t o  sexual matura t ion i n  the ram , and to 

a ttemp t to relate certain testicular and epid idymal developmental 

parameters to  endoc r ine parameters . In order to achieve this , it  was 

considered necessary to : examine closely the short- term secretion 

pat terns of these hormones at various stages of development includ ing 

the adul t ; to study the longitud inal pattern of changes in hormone 

levels with maturat ion ; and to employ techniques such as GnRH 

administra tion to del ineate changes of hormone output spec if ic to the 

pituitary gland and gonad . 

A cont inuat ion o f  the . study was to examine the use of  various 

hormonal t reatments in manipulating hormonal patterns d uring the onset 

o f  puberty , and to this end GnRH and androgen wer e given to d eveloping 

rams and s tudies on prenatal androgen administrat ion were undertaken . 
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CHAPTER I I  

MATERIALS AND METHODS 
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Animals o f  the New Zealand Romney b reed were used in experiments 

described in this thesis . In add ition , four Dorset ram lamb s were used 

in Experiment 3 . 1 ,  a pilot study for Experiment 3 . 2 .  Al l  animals were 

subj ect to general clinical and reproduc t ive system examinat ions prior 

to acceptance for experimental procedures . 

2 .  ANIMAL MANAGEMENT 

( 1 )  On Pas ture 

Lambs used in Experiments 3 ,  4 and 5 were maintained with their 

mo thers  for the f irst three months of  l ife  on ryegrass and white clover 

dominant pasture . Ewes were given an anthelmintic drench ( "Wormguard" 

TVL (N . Z . ) )  and vaccinated with a multiple clostridia l  vacc ine 

( "Covax-5 "  TVL (N . Z . ) )  prior to lamb ing . Lamb s were vacc inated for 

enterotoxaemia and tetanus ( "PK-antitet" ,  TVL (N . Z . ) )  at  tail docking 

one to two weeks a fter b irth ,  were weaned at approximately three months 

of age , and drenched with anthelmint ic ( "Nilverm" ,  ICI ( N . Z . )  Limited )  

at weaning and periodically thereafter . S ix weeks after shearing at  

approximately four months of  age  animals  were spr9yed for  ectoparasites 

with d ia z inon . Lamb s were weighed at  each sample coll ec t ion period . 

Ram lamb s used in Experiment 4 ( 1 9 75 - 1976)  rema ined healthy 

throughout . However , during 1974  - 1 97 5 , those used in Experiments 

3 . 2 , 3 . 3 , 7 . 1  and 7 . 2 encountered the following animal health problems : 

. a minor outbreak of  contagious ophthalmia occurred in January 1 9 7 5 ; 

ryegrass  staggers occurred in March 1 9 7 5  and the few animals severely 

affec ted were temporarily excluded from the experiments ; a serious 

outbreak of fac ia l  eczema · occurred toward the conclusion of the study 

in April  1 9 7 5 ,  and resul ted in termination o f  the s tudy two weeks 

earlier than planned . Seriously affec ted animals were culled from 

samp l ing routines . Some mascul inized females described in Chapter 7 

were predisposed to urine scald and were treated prophylact ically 

with d ia z inon to avoid cutaneous myiasis . 
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( 2 )  Indoors . 

Adult  rams used in Experiment 1 were housed and arti f ic ial 

l ight ing corresponding to the natural daylight length was provided . 

Those used in Experiment 2 were housed in a room subj ect to natural 

l ighting . All these rams weighed 7 0 - 80 Kg and were  held in individual 

crates and f ed a maintenance diet  of chaffed hay and concentrates , and 

water ad l ibitum .  Feeding was undertaken at 0900 h each day . Rams 

were allowed approxima tely one week to adj ust to the new environment 

and diet before sampling , then were returned to pasture between 

experimental procedures . · 

3 .  SURGICAL PROCEDURES 

( 1 )  Catheterization . 

Polythene (Portex Ltd . )  or siliconised rubber tub ing ( "S ilast ic " , 

Dow Corning , Aus tralia) o f  approximately 2 mm d iameter was used for 

indwelling j ugular cannulae . · Cathe t ers  were inserted into both j ugular 

veins to minimise sample col lec t ion failure due to thrombus formation .  

The jugular groove was prepared for surgery and after inj ec t ion of 

subcutaneous local anaesthetic (2%  xylocaine ) , the catheters were 

inserted via 10 gauge hypodermic needles . Occasionally rams were l ightly 

sedated for catheterization using 0 . 3  ml of  xylazine hydrochloride (2%  

(w/v) "Rompun" ,  Bayer , Germany) . A protec t ive horizontal mat tress 

suture was p laced over the catheter at the skin puncture sit e , then 

t ransf ixing sutures through surgical .adhesive tape around the catheter , 

were used to fix the catheter to the skin immediately anterior to the 

skin punc tur e ,  c audal to the ear , and along the dorsum . Heparinized 

( 15 I . U . /ml ) sterile 0 . 9% saline was infused continuously at 1 cm3 per 

hour to maintain catheter patency . As required , blood samples  were 

withdrawn and GnRH inj ected via three-way taps at the infus ion pump , 

and catheters were flushed with heparinized saline immediately after 

these procedures . For Experiment 1 a r emote infusion and sampl ing 

stat ion was e s tablished outs ide the animal accommodation room so that 

the rams were no t disturbed during b l eeding procedures . 

( 2 )  Hypophysectomy .  

One adult  ewe was hypophysectomised t o  provide gonado trophin and 

prolact in-free p lasma for use in radioimmunoassays . Anaesthesia was 

induced using sodium thiamylal ( "Surital " , Parks Davis (N . Z . )  Limited) 
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and maintained with a mixture of  approximat ely 1 . 5% Halothane vapour 

( "Fluo thane" ,  ICI , U .K . )  in oxygen , administered via endotracheal tube . 

A midventra l  incis ion was made caudally from the level of  the 

rami of the mand ibl e  and the larynx retracted laterally after b lunt 

d issect ion . Parapharyngeal blunt surgical d issection was employed to 

expose the ventral aspec t of the sphenoid bone . Ent ry to the p ituitary 

fossa was made us ing a dental burr , and a midline dural inc ision made 

to expose the hypophys is . Pituitary t issue was removed by a suc t ion 
curet t e  after gentle  maceration then the fos sa was packed with silver 

nitrat e- impregnat ed absorbable gela t in sponge ( "Spongos�an" ,  Ferrosan, 

Denmark) . Parapharyngeal t issues were repositioned using absorbabl e  

sutures and the skin inc ision was closed with monofilament nylon . An 
intravenous electrolyte solution was administered throughout . 

Post-opera t ively ,  penici l l in and streptomycin were given 

prophylac t ically while  1 2  mg o f  dexamethasone trimethly acetate 

( "Op t icor t inol "  C iba-Geigy , (N . Z . )  Limited ) was administered 

subcutaneously each week . 400 ml of  b lood was collected by j ugular 

venepunc ture each week, plasma was separat ed by centr if ugation , then 

withdrawn and stored frozen unt i l  required . No recognisable pituitary 

t issue was found upon post mortem histological examinat ion . 

( 3 )  Castra t ion . 

The scrotal sac and ventral abdominal area were prepared for 

surgery and local anaesthetic (2% xylocaine) inj ected into the neck 

of the scrotum and spermatic cord s . A mid-ventral inci sion was made 

and the testes exposed through the tunica vaginalis . Testes were 

removed a fter sever ing the sperma t ic cord with emasculators . Extraneous 

t issue was removed then testes and epididymides were carefully separated 

and wei ghed individually . 

4 .  BLOOD COLLECTION 

For Experiments 1 and 2 ,  b lood was withdrawn via catheters as 

described above , then was immediately heparinized ( 1 5  I . U . /ml) . All 

other b lood samples were collec t ed into heparinized ( 1 50 I .U . )  evacuated 

glass tubes after j ugular venepuncture . Samples were c entrifuged 

immediately after coll ection and plasma withdrawn and frozen over solid 

co2 ( Exper iments 3 ,  4 and 5 )  or  in a freezer ( Experiments 1 and 2 )  and 

stored a t  -20°C unt i l  required for assays . 
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5 mm thick equatorial sec t ions of test icular or epididymal t issue 

were carefully cut and f ixed in Bouin ' s f luid for 24 hours before 

embedding in paraf f in wax . Two 5 �m sec t ions of each specimen were 

stained with haematoxylin and eos in and examined under a l ight 

microscope . 

Est imates of  seminiferous and epididymal tubule d iamet ers for 

each specimen were made as the mean recorded from 10 c ircular 

seminiferous tubules and up to 10 c ircular epididymal tubule sect ions 

(where available) , measurements b eing made on a microscope f it ted with 

an eyepiece micrometer . 

6 .  EPIDIDYMAL SPERMATOZOAL RESERVES 

Both epididymides  from each animal were processed together ; hence 

results presented represent the total epididymal spermatozoal reserves 

for each animal . Sperma tozoal reserves were est imated after preparation 

in a manner s imilar to that desc r ib ed by Lino ( 1 972) : a fter sec t ioning 

into small  p ieces , epididymides were homogenized in 1 50 ml of 0 . 9% 

saline . Then homogena t es were strained through coarse gauz e ,  increased 

in volume to 200 ml with 0 . 9% sal ine , and aliquots were d iluted to 

appropriate concentrations for dup licate count ing in a haemocytometer . 

Total epididymal spermatozoal reserves were comparabl e  with those 

reported by Barrell ( 19 7 6 )  who used essentially the same technique . 

7 .  HORMONE ASSAYS 

( 1 )  Reagents . 

Phosphate buffered saline (PBS)  contained 0 . 01 M phosphat e  buffer 

and 0 . 14 M sodium chlo r id e ,  with 0 . 0 1 %  (w/v) sodium merthiolate as a 

preserva t iv e ; pH was adj usted to 7 . 3  

0 . 02 M EDTA-PBS and 0 . 05 M EDTA-PBS were solutions o f  0 . 02 M and 

0 . 05 M e thyl ene d iamine t etra acet ic acid ,  d isodium sal t ,  respect ively, 

in PBS . 

PBS-0 . 1% gelatin was a solution of 0 . 1% (w/v) gelatin in PBS .  

PBS-1 %  EW was prepared by addition o f  1% (w/v) egg albumin powder 

to PBS . 
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PBS-0 . 1 % BSA and PBS- 3 . 0% BSA were solutions o f  0 . 1 i. (w/v) and 

3 . 0 %  (w/v ) bovine serum albumin ( Sigma Chemical Company , U . S . A . )  

respec tively, in PBS . 

Organic solvents  generally  were technical grade and were distilled 

pr ior to use . Ethanol was refluxed over m-phenylenediamine then 

dis t illed twice b efore use . 

S c intillation f luid consisted of toluene-triton X- 100 ( 2 : 1 )  

containing 3 g o f  2 , 5  diphenyloxazole (PPO) and 100 mg o f  ( 1 , 4-bis ( 2-

( 5-phenyloxazolyl ) ) benzene ; Phenyl-oxazolylphenyl-oxazolyl-phenyl) 

(POPOP) per l itre . 

( 2 )  LH Rad ioimmunoassay. 

A double ant ibody rad ioimmunoassay t echnique s imilar to that 

described by Niswender et al . ( 1969)  was employed to measure ovine-LH 

concentrations . 

( i )  Rad ioiodinat ion of  Ovine-LH with 1 2 5 1 .  Rad ioiodinat ion of  

ovine-LH was performed using a mod if icat ion o f  the chloramine T method 

of Greenwood et al . ( 1 963) . One mCi of iodine- 125 ( 100 mCi/ml , The 

Rad iochemical Centre , Amersham, U . K . )  was added to 2 � g  of highly 

purif ied LH (LER- 1 374A) in 25 � 1  o f  0 . 5  M phosphate buf fer , pH 7 . 5 .  

Thirty � g of chloramine T in 1 5  � 1  of 0 . 05  M phosphate buffer , 

pH 7 . 5 ,  were added to s tart the reaction , then two minutes later , 

500 �g o f  sodium metabisulphite in 50 � 1 of  0 . OS M phosphate  buffer , 

pH 7 . 5 ,  was added to s top the reac t ion . Aftet addit ion of 100 � 1  

o f  t�ansf er solution ( 1% (w/v) potassium iod ide , 0 . 0 1% (w/v) 

bromophenol blue and 16% (w/v) sucrose in distilled water) the mixture 

was transferred to a 1 x 25 cm polyacrylamide gel column (Bioge l  P60 , 

Biorad Laboratories , U . S . A . ) prev iously equilib rated with a 

comb inat ion of 20 ml o f  0 . 05 M phos phate buffer , pH 7 . 5 ,  and 1 m1 
of PBS- 1%  EW . The reac tion vial was rinsed with 100 � 1  o f  a 

second transfer solut ion containing potassium iod ide and bromophenol 

b lue as abov e ,  and 8% sucrose,  which also was transferred to the 

column . 1 ml frac tions eluted from the column with PBS- 1 %  EW 

were col l ec t ed into tubes con taining 1 ml o f  PBS- 1 %  EW and counted 

for radioactivity . The highest numb er of  counts usually appeared 

in tube 5 ,  and this was frozen unt i l  required for the assay . 



4 3  

( i i )  Preparat ion · of  Precipitat ing Ant ibody. Ant isera again s t  

rabbi t  gamma globulin was raised in adult  sheep b y  in tramuscular 

inj ec t ion of 25 mg of rabbit  gamma globulin ( "Pentex" fraction I I ,  

Miles Laboratories , U . S .A . )  in a n  emulsion of  2 . 5  m l  of  complete Freunds 

adj uvant and 2 . 5  ml of sterile 0 . 9% saline . Four booster inj ect ions 

of  10  mg or 25 mg o f  rabbit  gamma globulin were administered in an 

emulsion of incomplete Freunds adjuvant and saline at  approxima tely 

three-weekly int ervals . S ix weekly 500 ml b lood samples were collected 

following the third booster inj ection and serum withdrawn then t itra ted 

against non-immune rabbit serum (NRS ) to determine optimal dilutions 

for bo th (Figure 2 . 1 ) .  Ant i-gamma globul in sera was used diluted 1 : 7  

with 0 . 5  M EDTA-PBS in the LH assay . 

( ii i )  Radioimmunoassay Procedure . 1 1  x 75  mm polys tyrene tubes  

were used for all  phases of  the  radioimmunoassay procedure and both 

unknown p lasma samples and assay standards were assayed in triplicate . 

Ovine-LH standards (NIH-LH-5 18)  corresponding to a range o f  

0 - 8 ng/ml of plasma were prepared in 200 �1 of PBS- 1 %  EW .  200 � 1  o f  

hypophysec tomised ewe plasma was added t o  each standard tube and 

equiva lent quant it i t es of unknown plasma added to sample  tubes . Both 

s tandard and sample t ub es were adj usted to 0 . 5  ml with PBS- 1 %  EW then 

200 �1 of rabbit  ant i-ovine-LH serum ( # 1 5 ,  courtesy o f  Dr G . D .  Niswender , 

Colorado S tate University,  U . S .A . )  diluted 1 : 80 , 000 with 0 . 05 M EDTA-

PBS containing NRS ( 1  in 400) was added . Aft er mixing and incubation 

at 4 °C for 24 h ,  approximately 50 , 000 cpm of radioiodinated ovine-LH 

in 1 00 �1 of PBS-0 . 1% BSA were added to each tub e ,  then a further 24 h 

incubation followed . 

200 �1 of precipitating ant iserum was then added and af ter a 7 2  h 

incubat ion at 4 ° C for 30 min , the supernatant was removed by 

aspiration . The precipitate was then counted for radioac t ivity in a 

Packard Auto-Gamma Spec trometer (Model 5285) . 

Each assay contained a tripl icate o f  tubes with the first 

ant ibody excluded as a check for non-specific  binding o f  1 2 5 1-LH . 

An IBM 1620 computer was used to calculate plasma LH concentrations 

by the method of Burger et a l . ( 19 7 2) . With this t echnique a least 

mean square regression was calculat�d for the s tandard curve and 

values and 95% confidence interval s  of unknown samples computed . 

A representative s tandard curve is shown in Figure 2 . 2 .  



�T 
(0/o) 1/n • N . R . S .  DILUTION 

15 1 � <'= · -

11400 

10 

5 

0 .+-------�--------�----��--�--�------
· Neot 1 :2 1 :5 1 :8 1 : 10 1 : 15 1 : 20 

PRE CI PI TAT I N G  ANT I B ODY DILUT I ON 

Figure 2 . 1 : Binding o f  125r-labelled LH following titra t ion o f  various dilut ions of  

precipitat ing antiserum (No . 160)  and non-immune rabbit serum (NRS ) . 
� 
� 



BO U N D  
C O UNTS 

0·12!5 

4 5  

L . H .  RADIOIMMUNOASSAY 
STANDARD CURVE 

0·25 0·5 1 ·0 

L . H . STAN DAR D 
2·0 4 · 0 

( ng/ml ) 

E - 3 

I 

8 · 0  
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the method of Burger et ��· ( 19 7 2�) , and doubling d ilut ions 

of reference plasma pools in hypophysectomised sheep plasma . 
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( iv)  Val idation o f  Ovine-LH Radio immunoassay. The spec ificity of 

the ovine-LH antiserum has b een determined by Niswender et  al . ( 1 969)  

who showed tha t estima tes of LH potency were unaffected ' by high levels 

of  FSH , TSH , growth hormone or prolac tin . 

Hypophysec tomised sheep plasma added to standard tubes in place o f  

PBS- 1 %  EW as used b y  Niswender et  al . ( 1 969)  considerab ly increased 

b ind ing o f  1 2 5 1-LH (Figure 2 . 3) and its use consequently eliminated the 

occurrence of fal s e  nega tive LH levels for unknown pla sma samples . The 

lowest detectab le plasma LH concentration , defined as the level at which 

the 95% confidence interval of estimates intercepted z ero level (Burger 

et al . ,  1972 )  was between 0 . 04 and 0 . 1 1  ng/ml in 35 assays . 

Reduc tion of  the quantity of unknown plasma did not influence 

estimates of LH concentrat ions when the total plasma volume in each 

tub e  was made up to 200 � 1 with hypophysec tomised sheep plasma ( Tabl e  

2 . 1 ) . Results demonstrated close parallel ism of unknown sample  dose­

response curves and standard curves ( s ee also Figure 2 . 2 ) .  Results  also 

ind icated that concentrations of  LH up to 1 2 8  ng/ml of plasma could be 

measured accurately if sample plasma was d iluted with hypophysec tomised 

sheep plasma . 

Reproduc ibility of  assay results was determined by repeated 

es t ima tions of reference plasma pools in consecutive assays . 

Coef f ic ients of var iation were determined a fter analyse s  of  variance of 

hormone levels in these reference plasma pools  (transformed to 

logarithms) and are presented in Table  2 . 2 . 

On the basis of  the validation procedures performed it  was 

consid ered that this assay provided reliab l e  estimates o f  plasma ovine­

LH concentra tions . 

( 3 ) Testosterone Rad ioimmunoassay .  

Plasma samples were assayed for testosterone concentrations using 

a rad io immunoassay based on the method of Smith and Hafs ( 19 73 )  but 

incorporating modif ications described by Terqui and Thimonier ( 1 9 74 ) . 

( i ) Extrac t ion Procedure . S ingl e  500 � 1  plasma aliquots were 

extrac ted with 9 . 0 m l  of  toluene-hexane ( 1 : 2 ) in 1 6  x 125  mm screw­

capped g lass cul ture tubes ,  by v igorous shaking in a laboratory shaker 

for 1 0  m inutes . The aqueous frac tion was f rozen then the solvent 

decan ted into 16 x 100 mm glass t ubes and evaporated to dryness under 

a ir .  The walls o f  each tub e  were rinsed with 1 ml of d ichloromethane 
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TABLE 2 . 1 .  

Effect on est imates of plasma LH concentrat ions of dilut ion of reference plasma sample s with 

hypophysectomised sheep plasma . 

Dilution Mean Plasma LH Concentrat ions ( ng/ml ! SEM ) 

E-3 ( n=4 ) P-1 ( n=5 ) 228 ( n=l3 ) W-1 ( n=13 ) W-2 ( n= 1 )  

Undiluted 4 . 39 ! 0 . 16 4 . 26 ! 0 . 23 4 . 41 + 0 . 14 5 . 91 ! 0 . 18 5 . 38 

1 : 1  4 . 14 + 0 . 26 4 . 22 ! 0 . 36 5 . 18 

1 : 3  3 . 85 ! 0 . 37 4 . 06 ! 0 . 36 4 . 03 ! 0 . 16 6 . 26 + 0 . 28 4 . 92 

1 : 7  4 . 14 ! 0 . 35 4 . 10 + 0 . 28 4 . 84 

1 : 15 5 . 28 � 
CO 



TABLE 2 . 2 .  

Coeffic ients of variat ion ( CV )  for the ovine LH assay based on repeated est imat e s  of reference 

plasma samples . 

Reference 

Plasma 

E-3 

50  

228 

vl-3 

Number of 

Assays 

35 

4 

5 

6 

Replicates 

Within Assays 

5 

5 

5 

5 

Mean LH 
Concentrat ion 

( ng/ml ) 

4 . 30 

0 . 15 

4 , 41 

5 . 91 

Between 

As say CV 
( % )  

13 . 1  

12 . 7  

8 . 8  

13 . 2  

Within 

As say CV 
( % )  

4 . 6  

7 - 5  

4 . 7 

7 - 3  

""' 
1..0 
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and tubes again dried under air . Recovery of tritiated testosterone 

added to plasma , pr ior to extrac tion was 7 7 . 56 ± 0 . 32 % .  

( ii) Rad ioimmunoassay Procedure . Plasma extrac ts were redissolved 

in 500 �1 of ethanol and three 100 �1 aliquo ts transferred to 1 1  x 75 mm 

polys tyrene tub es for assay . Testosterone (Mann Research Laboratorie s ,  

U . S . A . ) a t  appropriate concentrations i n  1 0 0  � 1  o f  ethano l ,  was added 

to triplicate tubes to provide a series of  standards correspond ing to 

pla sma testosterone concentra t ions of 0-5 0  ng/ml . 

Af t e r eva pora t ion under air , 400 � 1  o f  a solut ion conta in ing 

2 0 , 000 cpm of 1 ,  2 ,  6 ,  7-H 3 testos terone (84  Ci/mmole , The Rad iochemical 

Centre , Amersham , U . K . )  and rabb it antiserum to testos terone-3- (0-

carboxymethyl)-oxime-bovine serum albumin (S250 ,  courtesy o f  Dr G . D .  

Niswender , Colorado State University , U . S .A . )  a t  a 1 : 5 0 , 000 d ilution 

in PBS- 1 %  ge lat in and NRS ( 1 : 800) which had equil ibrated at room 

temperature for 30 minutes , was added to each tube . An init ial 

incubat ion for 30 min at 40 ° C was followed by a 2 h incubat ion at 4 ° C .  

Free steroid was prec ipitated by addition of  300 �1 of  d extran­

coated charcoal ( 1% (w/v) Dextran T- 70 , Pharmacia , Sweden ; and 0 . 5% 

(w/v) Darco G60 charcoal ,  Atlas Chemical Indus tries , U . K . , in dist illed 

water) , and underwent a 10 min incubation at  4 ° C before centrifugat ion 

at 1 900£ for 1 0  min at 4 °C .  0 . 5  ml aliquots  of  supernatant were 

t ransferred to glass scintilla t ion vials and 5 . 0 ml of scintillation 

fluid added . The rad ioac t ivity was counted in a Beckman (Model LS- 350) 

liquid scintillat ion counter or in a Packard Tri-carb scint illation 

spec trometer (Model 3375 ) , and hormone levels computed as described 

above for the LH as say . 

( iii) Tes tosterone Rad io immunoassay Val idat ion . The specificity 

of  the testosterone ant iserum has been determined by Dr V . L .  Gay , 

University o f  P i t t sburg , U . S . A . , (pers . comm . ) .  Oestradiol and 

androstenedione cross-reac ted less than 1 % ,  3 a and 3 8- androstanedio l  

cross-reacted 1 4  and 2 2 %  respectively ,  and dihydrotestosterone 

d isplayed a 69% cross-reac t ivity . All o ther androgen precursors 

examined, progesterone,  oestrone,  corticosteroids , and cholesterol 

failed to show cross-react ivity greater than 0 . 1% .  S ince testosterone 

is the maj or androgen in ram lambs ( Skinner et al . ,  1968) , d ihydro­

testerone is present in plasma in concentrations proportionate  to 
. 

those o f  testost erone (Vermuelen , 1 9 76) , and since o ther androgens 

possess very low b iological potenc ies ( Ismail , 1 9 76) , these cross 



reac t ions were considered to be of  minimal signif icance to the 

determina t ions of testosterone concentra tions . 
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Serial d ilut ion of reference plasma samples with wether plasma 

d id not influence the quant ity of testosterone measured (Table 2 . 3) ,  

and demonstrated close parallel ism of unknown sample dose-response 

c urves with standard curves . Reproduc ib ility of assay resul t s  was by 

measurement of coef f ic ients of var iation as described for the LH assay 

and are presented in Table 2 . 4  

Thes e  val idat ion procedures showed the testosterone rad ioimmuno­

assay provided reliable estima tes of plasma testosterone concentrations . 

(4 )  Ovine Prolac t in Rad ioimmunoassay 

(i)  Rad io iodina t ion of Ovine Prolac t in with . 1 2 5 1 . Rad io iodinat ion 

o f  ovine prolac t in was performed using the method of Greenwood et al . 

( 1 963)  with modificat ions described by Langley ( 19 74 ) . 

One mCi of iod ine- 1 2 5  ( lOO mCi/ml , The Rad iochemical Centre , 

Arnersham , U . K . ) was added to 5 �g of highly purified ovine prolac t in 

(LER-860-2 ,  court esy of  Dr L . E .  Reichert Jr . ,  Emory University , U . S . A . )  

in 1 0  �1 o f  0 . 5  M phosphat e  bu ffer , pH 7 . 5 .  Twenty �g of chloramine 

T in 20 �1 of 0 . 05  M phospha te buffer , pH 7 . 5 ,  were added and the react ion 

allowed to proceed for one minute before addi t ion of 20 �g of sod ium 

me tabisulphi t e  in 20 �1 o f  0 . 5  M phosphate  buffer , pH 7 . 5 ,  to stop 

the reac tion . The reagents  were mixed for a further 60 seconds ,  then 

a t ransfer solut ion consist ing of 30 �1 of 1% (w/v) potassium iodid e ,  

0 . 0 1% (w/v) bromophenol blue and 1 6 %  (w/v) sucrose in 0 . 5  M phosphat e  

buff er , pH 7 . 5 ,  p lus 3 0  �1 of  hypophysec tomised sheep plasma , was added . 

The mixture was then transferred to a 0 . 7  x 18 cm polyacrylamide gel 

column (Biogel P60 , B iorad Laboratories , U . S . A . )  which had been 

equi l ibrated with 1 5  ml of  0 . 2  M barbital buffer , pH 8 . 6 ,  containing 

20% (w/v) acetone , and 2 . 0 ml of the same buffer containing 5% (w/v) 

bovine serum albumin . One millilitre fract ions were collec ted into 

tubes  containing 1 ml of PBS-0 . 1 % gelat in and aliquots counted for 

rad ioac t ivity . The frac t ion containing the highes t  counts was further 

puri f ied on a 1 x 2 5  cm d extran gel column (Sephadex G lOO , Pharmac ia ,  

Sweden) which had been equilibrated with 2 5  ml o f  0 . 2  M barbital buffer , 

pH 8 . 6 ,  containing 20% acetone (w/v) , and 2 . 0  ml of  the same buffer 

containing 5% bovine serum albumin . One millilitre frac t ions were 

collec ted into 1 ml of PBS-0 . 1% gelat in and the frac tion containing 



TABLE 2 . 3 .  

Effect o f  dilut ion of reference plasma sample s with wether plasma on e st imat e s  of 

Testosterone concentrat ion . 

Dilut i on Mean Te stosterone Concentrat ion ( ng/ml ) 

10 ( n=2 ) 13 ( n=6 ) 18 ( n=l ) 228 ( n=l ) 

Undiluted  4 . 03 11 . 4 3 6 . 69 6 . 25 

1 : 1  4 . 08 12 . 96 6 . 26 6 . 60 

1 : 3  3 . 80 13 . 20 6 . 63 7 . 4 5 

U1 
1\.) 



TABLE 2 . 4 .  

Coeffic i ent s of variation ( CV )  for the testosterone assay based on repeated estimates  of 

reference plasma samples . 

Referenc e  

Plasma 

18 

50 

228 

Number of 

Assays 

13 

26 

26 

Replicates  

Within Assays 

3 

3 

3 

Mean Testosterone 

Concentrat ion 
( ng/ml ) 

9 . 50 

0 . 30 

5 . 50  

Between 

Assay CV 
( % )  

5 . 54 

22 . 0  

13 . 36 

Within 

Assay CV 
( % )  

7 . 04 

27 . 6  

8 . 41 

U1 
w 
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the highes t  counts  was used in the radioimmunoassay . 

( ii )  Preparat ion of Prolac t in Ant iserum . Ant iserum was kind ly 

provided by Prof D . S .  Flux, Massey University . Anti-ovine prolac t in 

serum was raised in a rabb it following intradermal inj ec t ion of  4 mg 

of  ovine prolac tin in complete Freund s adj uvarit , and three subsequent 

boos ters of 2 mg of ovine prolac t in at two week intervals . Two weeks 

later ,  blood was coll ec ted and serum withdrawn and t itrated for its 

ab il ity to bind 1 2 5 1- labelled ovine prolac t in .  

( i ii)  Rad io immunoassay Procedure . 1 1  x 75  mm polys tyrene tubes 

were used for all phases of the rad ioimmunoassay procedure and 

standard s and unknown samples were assayed in triplicate . 

Standard solutions of ovine prolactin (NIH-P-5 1 1 ) in PBS-3% 

B SA were prepared to provide a standard curve correspond ing to plasma 

prolac t in concentrations of 0 - 1 60 ng/ml . 200 � 1  of  standard , 200 � 1  
of  hypophysectomised sheep plasma , and 1 0 0  � 1  o f  0 . 0 1  M EDTA-PBS-0 . 1 % 

gelatin ,  were added to standard tubes , while  200 �1 of  unknown plasma and 

300 �1 of 0 . 0 1  M EDTA-PBS-0 . 1 % gela t in were added to sample tubes . 

200 � 1  of  rabbit ant i-prolac tin serum,  diluted 1 : 1 2 , 500 in 0 . 0 2  M 

EDTA-PBS containing NRS ( 1 : 400) , was added to each tube . Reagents 

were mixed prior to incubation at  4 ° C for 24 h .  Rad io iod inated 

prolac tin ( approximately 25 , 000 cpm in 100 � 1  of 0 . 0 1  M EDTA-PBS-

0 . 1 % gelat in) was added to each tube and a second 24 h incubat ion at  

4 ° C fol lowed . 200 � 1  o f  precipitat ing ant ibody,  similar to tha t 

described for the LH assay and which had previously been t itrated 

against NRS ( see Figure 2 . 4 ) ,  diluted 1 in 30 with 0 . 0 1 M EDTA-PBS-0 . 1% 

gelatin ,  was then added . After a 7 2  h incubat ion at 4 ° C ,  

prec ipitation was comp leted by centr ifugation ( 1 900£) for 3 0  min and 

the supe rna tant was removed by aspirat ion . Bound rad ioactivity was 

counted in a Packard Auto-Gamma Scintillation Spec trometer (Model 5 28 5 ) . 

Non-spec i f ic b ind ing and plasma prolact in concentra t ions were 

determined as described for the LH assay . 

( iv)  Validat ion of  Ovine Prolact in Assay .  Ant i-ovine prolac t in 

serum was found to be  f ree of cross-reactivity with the ovine hormones 

LH , FSH , ACTH , growth hormone and TSH (Figure 2 . 5 ) . 

Assay sensitivity ranged from 2 . 0  - 4 . 5  ng/ml in e ight assays , 

and non-spec i f ic binding was less than 10% o f  the zero s tandard bound 

coun t . 
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Figure 2 . 4 :  Binding of  !-labelled prolactin following t it ration 

of various dilutions o f  precipitating ant iserum 

(No . 16 1) and non-immune rabbit  serum (NRS) . 
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ovine prolactin radioimmunoassay . 
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Dilut ion of reference plasma samples with hypophysec tomised sheep 

plasma ( Tab le 2 . 5 ) conf irmed parallelism between sample dose-response 

curves and s tandard curves . Reproduc ib ility of results was tested by 

repeated estimations of  reference plasma samples (Tab le 2 . 6 ) and was 

sat isfac tory . Prolac t in levels measured corresponded c losely to 

level s  in the same reference plasma samples measured in a s imilar assay 

described by Barrel l ( 1 976) . 

On the basis o f  the validation procedures undertaken , it was 

conc luded tha t  this assay provided accurate as'sessment s o f  ovine 

plasma prolac t in concentrations . 

Table 2 . 5 Effec t  of d ilut ion of reference plasma samples with 

hypophysectomised sheep plasma 

prolac t in concentration (ng/ml 

Dilut ion Mean Prolac tin Concentrat ions 

Plasma so (n= 24) 228 (n=24 ) 

Und iluted 1 3 . 1 5 ± 0 . 40 22 . 80 

1 :  1 1 3 . 58 ± 0 . 82 22 . 99 

8 .  EXPERIMENTAL DESIGN AND ANALYSIS 

± 0 .  77  

± 1 . 02 

on est imates of  plasma 

± SEM) 

(ng/ml ) 

w - 1 (n= 1 6 )  

50 . 9 1  ± 0 . 7 5 

52 . 78 ± 2 . 88 

Details o f  the experimental designs and statistical analyses used 

for ind ividual studies are given in appropriat e  sec t ions of  each 

chapter . 

( 1 )  Analys is of Variance . 

The analysis of  variance appl ied to each of the variab les 

measured repeatedly in Experiment s  2 ,  3 ,  4 and 5 could b e  represented 

by the following model : 

+ + + �
ij k 

where each ind ividual ob serva t ion , or  mean of  several observations made 

on each animal in each t reatment or age , was assumed to be the sum o f  

a number o f  parameters :  

� - the general populat ion mean , and the deviations due to the 

following effec ts :  



TABLE 2 . 6 .  

Coeffic ient s o f  variat ion ( CV )  for the ovine prolact in assay based on repeated e st imates  

of re ference plasma s a=?les . 

Reference Number of Repli c ates !'lean Prolactin Between Within 

Plasma As says Within Assays Concentrat ion Assay CV Assay CV 
( ng/ml ) ( % )  ( % )  

5 0 6 4 n . 61 5 . 10 4 . 21 

25  6 4 7 . 4 5 9 . 86 7 - 38 

228 6 4 23 . 00 12 . 64 2 . 29 

114 6 4 19 . 23 7 . 76 4 . 11 

W-1 4 4 52 . 29 2 . 00 l .  76 

W-2 4 4 67 . 30 11 . 02 5 . 54 

V1 
CO 
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- the "main effec t "  of  the ith age or treatment 

- the "ma in ef fect " of the j th animal or treatment 

- the effect of the interaction of the ith age or 

treatment on the j th animal or treatment 

- a random error from a distribution with zero mean 

and homogeneous var iance ,  estimated by the varianc e 

within subclasses . 

A fur ther error variance ,  between repeated observa t ions from 

ind iv idual rams within sampling per iod s ,  which could be estimated for 

hormone concentra t ions , seminiferous or epididymal tubule d iameters , 

and for epid idyma l sperma tozoal reserve data , was not inc luded in the 

analysis . 

The main effec ts were examined by testing the signif icance of  

contra sts  for ind ividual degrees of  freedom , based on or thogonal 

coe f f icients (Cochran and Cox , 1 960) which were taken from the tables 

of  Fisher and Yates ( 1 963) , or which were construc ted to test spec i f ic 

hypo theses . Ind ividual coe ffic ients were weighted for d i f f erences in 

numbers of animals between groups . Contrasts were constructed � prior i  

and the number o f  comparisons for any. effect did not exceed the number 

of d egrees of freedom for the correspond ing mean square .  

Where the contrasts were successive terms o f  a polynomial 

relat ionship , the mean squares for ind ividual degrees of  freedom were 

not calculated beyond the third power . Consequently some tables  showing 

summaries of analyses of variance contain discrepanc ies between the 

total number of d egrees of freedom and the number of single d egrees o f  

freedom contrasts  computed . Contrast numbers in the text refer only to 

contrasts  which a re summarised in the tables relevant to each part icular 

results  section . 

Levels of  signif icance in all analyses are d enoted thus : 

* p < 0 . 05 

** P < 0 . 0 1  

*** p < 0 . 00 1  

( 2 )  Missing Data . 

For hormone data , occasional missing measurements were evident . 

Where unequal sub c lass analyses were not applied , missing data were 

substi tuted by the mean of the preceding and succeed ing measurements .  
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( 3 )  Transforma t ions . 

All e s t ima tes o f  hormone concentrat ions except those used in 

c alcula t ions of GnRH induced LH and testosterone output curves ,  were 

transferred to logarithms prior to s tatis t ical analyses , using the 

relationship : 

logari thm of hormone concen tration = 100 log 1 o (x · + 1 ·  1 )  

where x i s  the hormone concentrat ion in ng/ml . 

This relat ionship was estab lished on empir ical  ground s by the 

f inding of a l inear relat ionship between the estima ted mean and its 

s tandard error , for subgroups o f  hormone data . 

( 4 )  Analysis of LH and Testosterone Response Curves Following 

GnRH administra t ion . 

( i ) Es t ima tion o f  Total Hormone Output . The areas under ind ividual  

( Experiments 2 ,  3 and 4 )  o r  mean ( Experiment 5 )  LH and testosterone 

response curves were calcula ted as a measure of total  hormone output 

in response to GnRH adminis trat ion . Areas were calculated by 

int egra t ing hormone concentrat ions in samples with t ime intervals  

be tween samples , and the parameter trans formed to log 1 o for  use  in 

sta t i s t ical analyses . 

Throughout  the text o f  this thesis , response curve areas thus 

calcula ted were referred to as the "to tal " hormone output . 

Coef f ic ients  of regressions o f  various parameters ( e . g .  total 

testo s terone output on to tal LH output ) were calculated for each age 

( Exper iment s 3 and 4)  or for each dose of GnRH ( Experiment 2) and 

analyses of variance of regression coeff icients were performed to 

determine the relationships between LH and testosterone output following 

GnRH administra tion . This form o f  analysis is referred to in th is 

thesis  as analyses of var iance of regression coeffic ients . 

( i i)  Time Sequence of Hormone Output . An estima te o f  the t ime 

sequence of hormone output following GnRH administra t ion was made by 

calcula t ing l inear , quadrat ic and cub ic components of regress ions o f  

log hormone level with time after GnRH administra tion . This was 

performed on individual (Experiment s  2 ,  3 & 4 )  or mean ( Experiment 5 )  

response curves , and the regression coeff icients provided estimates 

of the shapes of the response curves . Regression coefficients were 

used as parameters in analyses o f  variance ot t tests to examine 

dif ferences  in tim ing of hormone .output in response to GnRH 
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administ rat ion . 

Throughout the text o f  this thesis , regressions thus calculated 

are referred to as "regression f its"  to hormone response curves . 

(5)  Sequent ial Sampl ing Experiments . 

Hormone profile data in Experiments 1 and 4 was analysed by a 

cumulative regression technique . For each ram , log transformed 

values were progressively summed in numer ical order of sampl ing , to 

form a series of cumulat ive total s . The linear , quadra t ic and cub ic 

components of this cumula t ive distribut ion against t ime was used as 

parameters in analyses o f  variance to determine age effects (Experiment 

4 )  o r  in a S t udent ' s  t t est  to determine seasonal effec ts  on hormone 

secretion prof iles (Experiment 1 ) . It  was cons idered that the l inear 

grad ient provided a parame ter which ref lec ted hormone output more 

comprehens ively than the arithmet ic mean of hormone concentrations , 

whi l e  the non-l inear component s  o f  regression provided est imates o f  

c ircad ian var iat ions i n  hormone output  ( Experiment 1 ) . 

(6)  Computation . 

All calculations of to tals , regression fits , cumulative regressions , 

transformations to logarithms, and analyses of var iance and regression , 

were performed using an IBM 1 6 20 comput ing system .  Some small 

programmes used were compi led by the author with the assistance o f  

Pro f R . E .  Munfo rd , b u t  general variance and regression analyses used 

sta t is t ical programme packages compiled at Massey University by Dr 

F . R .M .  Cockrem and subsequently mod i f ied and extended by Prof R . E .  

Munford . 
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CHAPTER I l l  

LH , TESTOSTERONE AND PROLACTIN SECRETION PROFILES OF ROMNEY RAMS 

1 .  INTRODUCTION 

At the outset of this s tudy ,  the only report of intensive 

monitoring of plasma hormone levels in the ram was that of Bol t  ( 1 9 7 1 )  

who sta ted " ·  • .  the ba sa l level o f  plasma LH i s  no t well def ined • • •  " , 

and he conc luded that rams " . . .  may release LH ' in brief surges ra ther 

than at a cont inuous ra te" . 

With such a pauc ity of information about the charac ter o f  

endocrine secretion in the ram, it  was considered essent ial t o  under­

take a deta iled study of pla sma hormone levels in rams . This 

investiga t ion was performed to determine the plasma levels of LH , 

t es tos terone and prolac t in t hroughout the day , and to examine their 

interrelationships . This experiment was designed to provide base 

data required to enable appropriate  interpreta t ion of the hormonal 

measurement s  made during the course of sub sequent investigations . 

2 .  EXPERIMENT 1 :  MATERIALS AND METHODS 

( 1 )  Anima l s 

Six two-year old N . Z .  Romney rams were chosen for this study . 

Rams were managed as described in Chapter 2 .  

(2) Experimental Procedures . 

A summary of the experimental design is presented in Tab le 3 . 1 .  

Blood was collec ted at  a remote  sampling station via j ugular catheter 

each 20 min for 24 h ,  then plasma was withdrawn and stored for LH , 

testosterone · and prolac t in assay as described in Chapter 2 .  All 

samples from individual animals at each sampl ing period were assayed 

in the same assay . 

( 3) S tatistical Analysis . 

( i ) Cumulative Regression . Cumulative regress ion curves were 

f i tt ed to hormone output d a ta from each animal at each sampl ing period , 

a s  described in Chapter 2 ( p  6 1  ) . Significant departures from 

l inearity were interpreted as  indica ting the existence of  c ircadian 

variations in hormone secre t ion , while l inear coeff ic ient s  provided 

estimates of total hormone output . Comparisons between seasons o f  

sampling were made by � tests  using individual regression coeffic ient s  



TABLE 3 . 1 . 

Sampling dates and animals used in 24-hour studies . 

Date 

( 31 . 10 .  7 3  

( 
( " 

( 
Summer ( 13 . 11 .  7 3  

( 
( 5 . 12 . 73 ( 
( " 

21 . 5 . 74 

" 

Winter 
" 

" 

Ram 

168 ( 1 )  

174 

184 ( 1 )  

37 ( 1 )  

168 ( 2 )  

37 ( 2 ) 

99 

184 ( 2 )  

228 

6 3  

NOTE : Numbers in parentheses indicate first or second sampling 

of animals s ampled on two occasions . 
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as parameters . 

(ii)  LH and Tes tosterone Peak Relat ionships . For computat ion 

of the relat ionship b etween LH and testosterone peaks , LH peaks were 

defined as the highest  LH level recorded s ingly or in a series o f  

levels grea ter than 0 . 5  ng/ml , dur ing pul satile secre tory episodes , 

and testos terone peaks were represented by the mean o f  the three 

testos terone est ima tes made  on samples collected following the LH peak . 

Hormone levels used in regress ion analyses to represent conc entra t ions 

pr ior to pulses wer e  the means of the three levels  preceding the LH 

peak . Using the data thus def ined the regressions of testos terone 

peaks on LH peaks , and of peak levels on hormone levels prior  to 

the pulses , were calcula ted . 

3 .  RESULTS . 

( 1 ) Secretion Profiles . 

See Figures 3 . 1  - 3 . 1 0 and Tab les 3 . 2  and 3 . 3 . 

( i )  LH . Plasma LH levels showed marked pulsa tile fluc tua t ions 

in each of the nine 24 h sampl ing periods . LH concentrations ranged 

from levels below the l imit of sensit ivity of the LH assay to over 

10 ng/ml . The numb er of LH peaks ranged from 1 to 10 in 24 h ,  with 

a mean o f  4 . 55 .  The overall mean level of LH peaks from all rams was 

2 . 64 ng/ml . 

Peaks of LH occurred irregularly , from 40 min to over 2 1  h apar t .  

The highest  level in each peak usually was reached wi thin one sample  

interval ( 20 min) , t hough in  larger peaks the maximal level o f t en was 

observed only after the second sample interval . After each peak the 

dec l ine in LH levels was rapid , resembl ing a logarithmic decay curve . 

Though the sea son of sampl ing ( summer or  winter) did not 

influence the episod ic nature o f  LH secretion , comparison of linear 

c umula t ive regression coefficients  ( Table 3 . 3 ) showed a signif icantly 

lower to tal LH secretion in the winter sampl ing period (!7 = 6 . 07 , 

P < 0 . 00 1 )  ( See Figure 3 . 10) . The mean LH l evel in the summer period 

was 0 . 58 ng/ml , and in the winter period , 0 . 2 3 ng/ml . Cumulat ive 

regression component s  all were essentially l inear (correlations 

0 . 84 - 0 . 99 )  indicat ing the absence of c ircadian var ia t ions in LH 

secretion . 



TABLE 3 . 2 .  

Summary o f  plasma hormone levels ( ng/ml ) observed during 24-hour sampling peri ods . 

Ram LH Testosterone Prolact in 

Number Mean Range of  Number Mean Range of Number Range of 
of peak peak levels of peak peak levels of  plasma levels 

peaks level peaks level peaks 

SUMMER 
174 5 2 . 84 0 . 54 - 3 . 63 6 2 . 25 1 . 87 - 3 .  32 0 46 . 1  - 62 . 2  

168 7 1 . 95 0 . 70 - 3 . 95 7 3 . 56 2 . 40 - 4 . 60 0 5 5 . 9 - 77 . 6  

10 1 . 94 l .  06 - 3 .  37 9 4 . 4 3 2 . 70 - 5 . 91 0 48 . 5  - 63 . 5  

184 1 1 . 14 l 3 . 48 0 47 . 5 - 65 . 9  

37 7 6 . 39 3 . 46 - 10 . 85 7 5 . 24 4 . 24 - 6 . 80 0 29 . 0  - 5 5 . 1  

Mean concentrat ion during 

summer sampling periods 0 . 58 1 . 45 5 5 . 1  

WINTER 
37 2 4 . 91 4 . 10 - 5 . 37 2 3 . 35 3 . 05 - 3 . 65 7 8 . 7  - 56 . 4  

184 1 0 . 54 4 4 . 80 3 . 67 - 6 . 86 7 4 . 1  - 5 3 . 6  

99 4 0 . 69 0 . 5 1 - 0 . 85 5 1 . 66 1 . 22 - 2 .  36 5 3 . 0 - 57 . 3  

228 4 1 . 22 0 .  50  - l .  67 5 3 . 64 2 . 46 - 5 . 06 0 3 . 0  - 10 . 3  

Mean concentrat ion during 

winter sampling period 
0 . 23 0 . 95 14 . 2  

� U1 
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TABLE 3 . 3 .  

Linear regression coeffic ient s of curves represent ing 

cumulat ive hormone output against t ime . 

Ram LH Testosterone Prolac t in 

Summer 

174 0 . 1170 0 . 2472 l .  7236 

168 0 . 1751 0 . 3653 1 . 8216 

0 . 1594 0 . 4 125 1 . 7654  

184 0 . 0540  0 . 1946 1 . 7746 

37 0 . 3449 0 . 5 560 l.  6541  

Winter 

37 0 . 1501 0 . 2888 1 . 2629 

184 0 . 0682 0 . 364 1 1 . 2941 

99 0 . 1068 0 . 1623 1 . 0217 

228 0 . 0993 0 . 3629 0 . 5 523  

7 5  
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( i i )  Testosterone . Plasma levels o f  testosterone fluc tuated 

in an episodic manner from low basal levels (0 . 06 - 1 . 0 ng/ml) to 

peak leve l s  of up to 6 . 87  ng/ml . The charac ter of t estosterone peaks 

varied from b eing shor t-l ived spikes to prolonged eleva t ions of over 

2 h dura t ion . 

The number of testosterone peaks dur ing the nine 24 h sampl ing 

period s ranged from 1 - 9 ,  with a mean of 5 . 1 1 .  Highes t levels dur ing 

episod ic eleva tions for ind ividual rams ranged from 1 . 22  to 6 . 8 7 ng/ml , 

and averaged 3 . 7 7 ng/ml . 

Comparison of l inear cumula t ive regression coeffic ients (Table 

3 . 3 ) showed a signif icantly lower t o tal testosterone secret ion in the 

winter sampl ing period (!7 = 3 . 94 ,  P < 0 .0 1 , Figure 3 . 1 0) . The overall 

mean testosterone level in the summer period was 1 . 45  ng/ml and in 

the winter  peiod , 0 . 95 ng/ml . Cumulative regression components  were 

essent ia l ly l inear (correla tions 0 . 96 - 0 . 99 )  ind icat ing the absence 

of  n c ircad ian va r i n t l on in testosterone secret ion . 

( ii i )  Prolac t in .  Five rams sampled dur ing the summer period 

showed uniformly high plasma concent rat ions of prolac t in (mean = 

55 . 1  ng/ml , Figures 3 . 1 - 3 . 5 ) . For each animal , level s rarely 

fluc tua ted above or below mean levels  by more than 10  ng/ml . Conversel y ,  

dur in� the winter sampl ing period ( Figures 3 . 6  - 3 . 9 )  prolac tin levels 

fluc tua ted drama t ical ly in three subjec t s ,  while the fourth ( 228 Figure 

3 . 9 ) exhibi ted uniformly low concentrat ions . In the first three of 

these rams , peak pul se levels ranged from 2 1 . 0  to 5 7 . 3  ng/ml , while 

basal level s  in all four were low (approx 3 - 10  ng/ml ) . Overal l  

mean prolac t in concentra tion during t he winter sampl ing was 14 . 2  ng/ml . 

Analysis of l inear cumulative regression coefficients  (Table  3 . 3 ) 

conf irmed that the mean prolac t in levels in summer were  very highly 

signif icant ly grea ter than those recorded in winter (!7 = 1 8 . 79 ,  

P < 0 .  00 1 ,  Figure 3 .  1 0 ) . No c ircadian var ia t ion in plasma prolact in 

levels was evident . 

( 2 )  Relatio.nship Between LH and Testosterone . 

Each LH peak was followed by an elevat ion of testosterone 

concentrat ions within the period s tud ied ( i . e .  exclud ing one LH peak 

which occurred in the last sample collec t ed f rom ram 168 , see Figure 

3 . 4 ) . Some t estosterone peaks which followed LH peaks showed a 

biphasic appearanc e ,  but in one animal ( 184 , Figure 3 . 8 ) testosterone 
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levels  rose independent ly  o f  any LH eleva t ion a t  both 7 . 40 p . m .  

and 10 . 40 p .m .  No spont aneous testosterone peaks were observed when 

the same animal was sampled earl ier (Figure 3 . 3) .  For those cases in 

which LH and testosterone peaks were related , approxima tely 20% o f  

testost erone peaks occurred in the first sample  after the causat ive 

LH peak ; 46% occurred in the second sample , and 34% in the third 

sample (60  min ) . Also for instances where testosterone peaks fol lowed 

LH peaks , the linear regression o f  testosterone peak on LH peak heigh t , 

was highly signif icant ( P < 0 . 00 1 ) , (see Figure 3 . 1 1 ) ind icating a 

quant ita t ive output of testosterone in response to LH peaks . 

The regressions of LH and t estosterone peaks on respec t ive 

hormone l evels prior to peaks were signif icant (P < 0 . 00 1 ) , but the 

regression of testo s t erone peaks on previous LH levels was not 

s ignif ican t . 

4 .  DISCUSSION 

Blood col lection at a remo te sampl ing . station obviated 

d isturbance of rams o ther than during feeding , which itself caused no 

de tec table al terat ion of hormone levels . 

( 1 )  Hormone Secretion Pro f iles . 

( i ) LH . Stud ies o f  LH levels in ram plasma have been reported 

extensively since th is inves tigat ion commenced (Sanford et  al . ,  1 974�; 

Ka tongo le e t  al . ,  1974 ; Barrel! , 1 9 7 6 ;  Lincoln , 1976�,£; Schanbacher 

n nd Ford , 1 9 76) , and there is now general agreement as to the episod ic 

na ture of  LH secretion in rams . S imilar fluc tua t ions in plasma levels 

of LH have b een recorded in wethers (Riggs and Malven , 1 9 7 4 ) , ewes 

(Geschwind , 1 9 7 2 ;  Net t  e t  al . ,  1 9 74 ; Coppings and Malven , 1 9 7 5 ; Baird 

et al . ,  1 9 7 6 ) , boars ( Sanford et al . ,  1976 ; Flor Cruz , 1 9 77 ) , bulls  

(Monkonpunya et  al . ,  1 97 2 ;  Ka tongole e t  al . ,  1 9 7 2 ;  Gombe et  al . ,  1 9 7 3£;  

Thibier , 1 9 7 6 )  and man (Nankin and Troen , 1 9 7 1 and 1972 ; Elwood e t  al . ,  

1 97 3 ;  Murray and Corker , 1 9 7 3 ;  McNeilly et  al . ,  1 974 ) . 

Because o f  the nature o f  LH peaks , with sharp elevations o f  plasma 

levels being followed by an exponent ial  decline , it  was impor tant to 

have employed a frequent sampl ing regime in s tudies o f  its secretory 

profiles . Geschwind ( 1 9 7 2 )  recommended sampling interval s  equivalent 

to o r  less than the hal f-life  of the hormones under study ;  for LH , 

the half-life is approximately 30 minutes (Geschwind , 1 9 7 2 ) . Sampl ing 

intervals used in s tudies of ram LH secretion have ranged from 15 t o  
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6 0  minutes  ( Sanford e t  al . ,  1 9 7 4�; Barrel! , 1 9 7 6 ;  Lincoln , 1 9 7 6�; 

Schanbacher and Ford , 1976) . Use o f  longer sampl ing intervals 

(Bol t ,  1 9 7 1 ;  Ka tongole  e t  al . ,  1 9 74 ; Purvis et al . ,  1974)  generally 

has resul t ed in poor definit ion o f  the true pulsatile  charac ter of 

LH and testosterone secret ion . 

The d emonstrat ion that p i tuitary LH output increases with 

pituitary portal b lood GnRH leve ls (Ben-Jona than et al . ,  1 9 7 3) , and 

the abolit ion of pulsatile LH release in severely stressed cockerels 

(Wilson and Sharp , 1 9 7 5 ) , indicated that ultimately pulsa t ile 

pituitary hormone output is  determined by hypothalamic or higher 

cen tra l nervous centres . Episod ic fluc tuat ions persist  despite the 

ab sence of the gonads in rams (Riggs and Malven , 1974) , thus while  

test icular s t eroids restric t the output of pituitary LH (Hopkinson e t  al . ,  

1 9 74 ; Pel l e t ier , 1974)  they do not prevent pulsatile release of this 

hormone . The fac t tha t infus ion o f  LH into ovariec tomised ewes failed 

to abolish o r  al ter the fr�quency o f  pulsa t ile releases of endo genously 

produced LH ( Coppin gs and Malven , 1 9 75 ) , also suggested some 

hypo tha lamic involvement in pulsatile hormone release mechanisms . 

( ii) Testos teron e . Fluc tua t ions in plasma levels o f  

testosterone s imilar to those observed in this experiment also have 

been reported recently for rams ( Purvis e t  al , 1974 ; Ka tongol e  e t  al . ,  

1 9 7 4 ; Sanford e t  al . ,  1 9 74�; Barrel! , 1 9 76 ; Lincoln , 1 9 7 6�; 

Schanbacher and Ford , 1 9 7 6 ) , bulls (Thib ier , 1976) , boars (Flor Cruz , 

1 9 7 7 ;  Sanford e t  al . ,  1 9 7 6 )  and men (Boon et al . ,  1972 ; Murray and 

Corker , 19 7 3 ;  Barberia et al . ,  1 9 7 � . Basal levels fluc t uated only 

slightly while episodic elevat ion of t es tosterone levels  occurred in 

response to pul sa t ile output of LH , as  is discussed in the sec t ion 

on LH-testosterone int errelat ionship s . Peaks of testosterone 

secretion were of longer duration (up to 2 hours) than those of LH , 

d espite the similar hal f-life  of the two hormones (lsmail , 1 9 7 6 ) . 

This suggested that Leydig cell receptor b ind ing o f  LH is prolonged , 

and that testos t erone cont inues to b e  secreted throughout the period 

of LH-receptor interaction . 

( ii i) Prolac t in .  Prof iles of secretion o f  prolactin d iffered 

between the summer and winter sampling period s : levels in summer were 

uniformly high , but  in winter basal levels were low and in three o f  

four rams , marked pulsatile elevations of plasma levels occurred . 

Barrel! ( 1976)  also report ed only minor variations in levels during 
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the dayt ime , but record ed a large noc turnal peak commenc ing at 

22 . 00 h in rams sampled in December . Prolac t in was secre ted in 

erratic pulses in women (Boyar et  a l . ,  1 975 ) , and lac tat ing cows 

(Koprowski et al . , 1972 ) , but in bull s ,  prolac tin leve ls in blood 

fluc tua ted only sl ightly throughout the day (Monkonpunya et al . ,  1 9 7 2 ) . 

Since the predominant regulat ion of prolac t in secret ion in 

mamma l s  is  c l a imed t o  b e  inhib i tory (Re ic h l in e t  a l . ,  1 9 7 6 ) , the 
persisten t l y  h i gh levels  observed in summer samp ling period s  sugges ted 

tonic suppress ion of Prolac t in Inhib itory Fac tor (PIF) release 

( see p. 1 1  ) .  Conversely , low levels observed during the winter 

sampl ing ind ica ted inhib i tory contro l . However , the secre tory pulses 

observed in winter may have been responses to periodic cessation 

of PIF release , or may have been due to secre t ion of an as yet 

und e termined prolactin releasing fac tor such as tha t which Malven 

( 1 9 7 5 )  sugges ted to occur in sheep . The latter suggest ion is 

at trac tive in view of the s imilarity in charac ter of pulsa t ile 

prolac tin eleva t ions and LH episod ic peaks , which are l ikely to be 

a d irect result of period ic release o f  hypo thalamic GnRH . 

( 2 )  LH and Tes tos terone Interrela tionships . 

The troph ic effec t of LH on tes tosterone secre t ion in the ram 

has been d emonstra ted clearly by the present da ta and by the resul ts  

o f  o ther authors (Sanford e t  al . ,  1 9 7 4�; Barrel! , 1976 ;  Lincoln , 1 976�; 

Schanbacher and Ford , 1 9 7 6 ) . However , although each peak of LH 

was followed by an eleva tion of testosterone levels , some testos terone 

peaks were no t preceded by a peak of LH . Wetteman and Desjardins 

( 1 97 3) and Schanbacher and Ford ( 19 7 6 )  also described apparently 

spontaneous eleva tions o f  t estosterone levels . The lat ter authors 

suggested that the preced ing LH peak may have b een missed between 

samples . The highly significant regression o f  testos terone peak 

levels on LH peak levels , ind ica ted tha t the substant ial testos terone 

output  ob served . in these  spontaneous peaks should have been preceded 

by a cons iderab le rise in p lasma levels  of LH , a r ise unlikely to 

have been missed between samples collec ted at 20 minute intervals . 

Dispari t ies b e tween the occurrence o f  LH and testosterone peaks also 

have been observed in bulls ( Smith et al . ,  19 73 ) , boars (Flor Cruz , 

19 7 7 )  and men ( Elwood e t  al . ,  19 7 3 ;  d e  Lac erda e t  al . ,  197 3 ;  Murray 

and Corker , 1 9 7 3 ;  Rowe e t  al . ,  1975) . 
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The interval between the record ing o f  LH peak levels and the 

following testos terone peak var ied between 20 and 60 min , though the 

s tart of the eleva tion o f  testosterone levels always occurred within 

20 min of the LH rise . S imilar between-peak intervals were found by 

o thers (Sanford et al . ,  19 74� ;Barrel l ,  1976 ; Schanbacher and Ford , 1976 )  

though sl ightly longer intervals (45 - 75 min) were recorded by Lincoln 

( 19 76�) in the Soay breed , sugges ting tha t breed d i fferences may exis t .  

The s ignif icant pos it ive regression of testosterone peak levels 

on LH peak levels ind icated a quant itative ef fec t  of LH on 

testos terone release . Other authors have no t attempted ma thema tical 

determina t ion o f  the relationsh ips between LH and testos terone peaks 

in rams ( Sanford et al . ,  19 74�; Lincoln , 1976�; Schanbacher and Ford , 

1 9 76 ) , but data presented in graphical form by Lincoln ( 1 976�) 

sugges ted tha t peaks o f  testos terone in the Soay breed were highest 

when LH peaks were lowes t ,  al though abrupt changes in l ight ing regimes 

may have interfered with normal endocrine interrac tions . Vermeulen 

et al . ( 1 9 7 3 )  reported that there was no d irec t  correla tion between 

LH and tes tos terone peaks in men . 

( 3) Circad ian Hormone Varia t ion . 

Circad ian variat ions in plasma levels of LH , testos terone and 

prolac tin were no t observed in th is exper iment .  Though the 

ma thema t ical technique employed to ascertain the occurrenc e of 

c ircad ian rhythms may no t have b een sens i t ive enough to d epic t minor 

rhythms, none were obvious in a visual appra isal of resul ts . The 

conclusion reached regarding LH and testosterone rhythms is in 

agreement with those of o ther authors (Sanford e t  al . ,  1974�; Barrel l ,  

1 9 7 6 ;  Schanbacher and Ford , 1976) . No circad ian rhythm o f  LH output 

existed in bulls (Monkonpunya et  a l . ,  197 2 ;  Smith et al . ,  19 7 3 ;  

Thibier , 1976)  though i n  man the exis tence o f  c ircadian rhythms o f  

LH and t estosterone has been the sub j ec t  o f  many conflic t ing report s  

( Petersen et  al . ,  1968 ; Boon et  al . ,  1972 ; Barberia et  al . ,  1 9 7 3 ;  

Bodenheimer e t  al . ,  1 97 3 ;  Elwood e t  al . ,  19 7 3 ;  d e  Lacerda et  al . ,  19 7 3 ;  

Nankin and Troen ; Leymarie e t  al . ,  1 9 7 3 ;  Smals e t  a l . , 1 9 74 ) . 

However , there is general agreement  about the existenc e o f  a c ircad ian 

LH var ia t ion in puber tal human subJ ects (Weitzman e t  al . ,  1 975 ) . 

Chamely et a l  ( 19 74 )  was unab le to d istinguish a c ircad ian 

rhythm o f  prolac tin secre t ion in rams, but with the pool ed-sample blood 
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collec tion technique uti lized , minor rhythms may have been ob scured . 

Conversely,  Barrell ( 1 9 7 6)  showed a clear noc turnal elevat ion of 

pro l ac tin pla sma leve ls  in sham-opera ted , but not pinealectomized , 

rams when using remo te-sampl ing experimental conditions . Th is resul t 

sugges ted a light-dark modulat ion of prolac t in control med ia ted by the 

p ineal gland . In ad u l t  men and women, a consis tent sleep-induced 

r ise in plasma levels of prolac tin occurred ( Sassin et al . ,  1 9 7 2 ;  

Weit zman et  al . ,  1 9 7 5 ) . 

( 4 )  Seasonal Effects on Hormone Secretion Profiles 

Seasona l and ligh t ing-induc ed d ifferences in plasma concentra t ions 

o f  LH and testost erone , such as seen in Experiment 1 , have been record ed 

p rev iously ( Sanford e t  a l . ,  1974�; Ka tongole e t  al . ,  1974 ; Barrell , 

1 9 76 ;  Lincoln 19 76�) . On the o ther hand Schanbacher and Ford ( 1 9 76 ) 

detec ted no dif ference in mean LH levels or in the number and 

magni tude of LH peaks b etween breed ing and non-breed ing seasons in 

Hampshire-Suffolk rams , though basel ine levels o f  both LH and 

t estost erone were sign ifcantly higher during the breeding season . 

Further , Lincoln ( 1 976�) showed that during per iods of long art ific ial 

daily pho toperiod when testicular ac tivity was low, LH leve ls were 

low and peaks few . Dur ing period s of shor t  daily pho toperiod , base­

l ine level s  of  LH rose and the frequency of LH p eaks increa sed , but 

peak levels were lower . Tes tos terone peak levels did not increase 

greatly but the frequency increased wi th LH peak frequency . Though 

seasonal changes in LH and t es tos terone have oc curred in all breeds 

for which data is ava ilab l e ,  few have displayed the striking l ight­

induced changes of the Soay breed s tud ied by Lincoln ( 1976�) . 

The striking d iff erences in short term prolac t in secre tion 

profiles have already been discussed . Seasonal d ifferences in mean 

prolac t in levels undoubt edly were  caused by the d ifference in daily 

pho toperiod ( Pelletier , 1 9 7 3 ;  Barrel! , 1976)  which possibly exerts  i t s  

influence by modifying ac t ivity o f  the pineal gland (Barrel! , 1 9 7 6 ) . 
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CHAPTER IV 

LH AND TESTOSTERONE SECRETORY RESPONSES FOLLOWING INTRAVENOUS INJECTION 

OR INFUS ION OF GONADOTROPHIN RELEASING HORMONE (GnRH) 

1 .  INTRODUCTION 

S ince Amass and Guilleman ( 1 969) demonstrated the release of LH 

in rams in response to inj ect ion o f  purif ied hypo thalamic extrac ts  o f  

GnRH , the propens ity of this hormone to e l icit  pituitary gonadotrophin 

release in a variety of circums tances in sheep has been widely 

documented (Convey , 1 9 7 1 ;  Pelle t ier , 1 9 7 6 ) . Prior to invest iga t ions 

describ ed later in this thes is , in which GnRH was used extensively , i t  

was considered necessary first to examine c losely the ac t ivities of this 

hormone in the ram in view of l imited stud ies which had b een reported up 

to that t ime . Single intravenous inj ec tions and intravenous infusions 

of GnRH were studied to determine suitable doses and sampl ing rout ines , 

to evaluate  hormonal interrelationships , and to provide base da ta for 

comparisons be tween the responses of adult s  and the immature rams used 

in later s t udies . 

2 .  MATERIALS AND METHODS 

( 1 ) Animal s  and Managemen t  Procedures . 

Anima l s ,  animal management, catheterization and sampl ing procedures 

have b een described in Chapter 2 .  Four rams were used , and each was 

used in both experiments describ eq in this chapter . 

( 2 )  Experimental Procedures . 

( i )  Exper iment 2 . 1 :  Single Intravenous GnRH Inject ion . Four 

doses of GnRH , following logarithmic increments , were uti lized : 3 . 1  � g ,  

1 2 . 5  � g ,  50 � g  and 200 �g . Each quant ity was d issolved i n  5 . 0  m l  o f  

ac id if ied (Q01 M acetic ac id ) 0 . 9% sal ine and administered via a j ugular 

catheter  as a s ingl e  rapid inj ec t ion . Doses were administered at random 

to each ram as shown in Tab le 4 . 1 .  

B lood samples were withdrawn 1 0  and 20 minutes and immediately 

prior to  inj ec tion of GnRH , and a ga in 1 0 ,  1 5 ,  2 0 ,  2 5 ,  30 , 4 0 ,  50 , 60 , 

80 , 100 , 1 20 ,  1 50 ,  180 and 270  min following inj ection . After 

centrifugation , plasma was s tored frozen unt il required for LH and 

testosterone assays . 



TABLE 4 . 1  

Allocation of GnRH doses ( �g )  in  Experiment s 2 . 1  and 2 . 2 .  

Date Experiment 2 . 1  Date Experiment 2 . 2  

Ram Number Ram Number 

1 2 3 4 1 2 3 4 

29 . 3 - 74 200 200 50 8 . 6 . 74 200 50 12 . 5 0 

3 . 4 . 74 3 . 1  12 . 5  3 . 1  3 . 1  12 . 6 . 74 12 . 5  0 50 200 

3 . 5 . 74 12 . 5  200 16 . 6 . 74 0 12 . 5  200 5 0  

6 . 5 . 74 12 . 5  50  200 12 . 5  2 0 . 6 . 74 50 200 0 12 . 5  

9 . 5 . 74 5 0  3 . 1  50  

CD 
lJ1 
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( ii )  Exper iment 2 . 2 :  Intravenous Infusion of GnRH . Three doses 

of GnRH , or a control infus ion of acidif ied saline , were infused via 

jugular catheter in the order shown in Tab le 4 . 1 .  Each dose was 

prepared in 8 . 0 ml of acidif ied saline as above, and infused at a 

constant  ra te of 1 . 0 ml /h for eight h us ing an infusion pump . 

Blood plasma samples were withdrawn from the opposite catheter 10 and 

20 min and immediately prior to commencement of infus ion , at 0 . 25 ,  0 . 5 ,  

0 . 7 5 ,  1 . 0 ,  1 . 5 ,  2 . 0 ,  2 . 5 ,  3 . 0 ,  4 . 0 ,  5 . 0 ,  6 . 0 ,  7 . 0  and 8 . 0  h from the 

start of infus ion , and 0 . 5 ,  1 . 0 ,  1 . 5 ,  2 . 0 ,  3 . 0 ,  4 . 0 and 7 . 0  h after 

cessa t ion o f  the infusion . Plasma was frozen until assayed for LH and 

testosterone content . 

To test the stab ility o f  the infused GnRH during the 8 h infusion 

period , a 200 �g al iquot was prepared as described above and held a t  

room temperature overnight . Sub sequently  this hormone was inj ected 

intravenously to one ram and plasma samples collected at  0 ,  0 . 25 ,  0 . 5 ,  

0 . 75 ,  1 . 0 and 1 . 5  h after adminis tra t ion and frozen unt il required for 

LH assay . 

( 3 )  Analys is of Da ta . 

Total areas under LH and t estosterone response curves were 

calculated as described in Chapter 2 ,  and pre-inj ection hormone levels 

were calculated as the mean level recorded from pre-treatment samples . 

Two-way analyses of variance were performed on pre-inj ec t ion and total  

hormone output data , and dose-response effects  evaluated using standard 

or thogonal coeff icients . 

Analysis o f  variance of regression coefficients o f  total 

testos terone on to tal LH responses was performed to quan tify the 

relat ionship between LH and testos terone output following GnRH 

administration . 

Regression fits  of mean LH and testosterone response curves for 

each dose of GnRH were calculated ( see Chapter 2) and comparisons o f  

regression coeff icients b e tween doses for each experiment were made  

by � tests  based on  s tandard orthogonal coefficients . 

3 .  RESULTS 

( 1 )  Experiment 2 . 1 

See Tables  4 . 2  and 4 . 3  and Figures 4 . 1  - 4 . 4 .  



TABLE 4 . 2  

Mean pre- inj ect ion hormone levels ar.d total responses to GnRH inj ect ion ( Experiment 2 . 1 )  

and a summary of analyses of variance of thi s dat a .  

Dose of GnRH ( �g )  

3 . 1 

12 . 5  

50  

200 

Source of variance 

Dose 

Animal 

Re sidual mean square 

d .  f .  

3 

3 

2. 

Pre- inject ion 

7 - 55 

7 . 81 

8 . 91 

8 . 93 

0 . 38 

1 . 01 

5 . 69 

LH 

Total 

21 . 55 

24 . 00 

27 . 47 

28 . 93 

12 . 80** 

12 . 20** 

3 . 48 

Testosterone 

Pre- inj ect ion 

Variance Rat ios 

17 . 76 

17 . 37 

17 . 20 

17 . 42 

0 . 02 

1 . 31 

8 . 48 

Total 

25 . 18 

26 . 44 

26 . 48 

26 . 70 

1 . 45 

6 . 22* 

1 .  30 

CD 
'-l 



\ Experiment 2 . 1  

Experiment 2 . 2  

TABLE 4 . 3  

Coeffi c ient s of regre ss ions fitted to mean LH and testosterone response curve s . 

Dose of GnRH 
( �g) 

3 . 1 

12 . 5  

5 0  

200 

0 

12 . 5  

5 0  

200 

linear 

134 . 85 

273 . 99 

614 . 61 

1104 . 08 

0 . 36 

102 . 36 

154 . 30 

1 5 1 . 39 

LH 

quadrat ic cubic 

-852 . 18 2278 . 84 

-115 3 . 99 2776 . 25 

-1878 . 99 3957 . 25 

-2028 . 16 2348 . 11 

-0 . 14 0 . 05 

-53 . 4 1 24 . 36 

-95 . 09 45 . 48 

-113 . 20 56 . 21 

Testosterone 

linear quadrat ic cubic 

28 . 97 -77 . 83 150 . 50 

35 . 70 -94 . 35 184 . 87 

24 . 76 -55 . 52 97 . 7 5  

27 . 71 -72 . 71 145 . 28 

-2 . 26 1 . 20 -0 . 56 

6 . 04 -2 . 62 1 . 06 

3 . 71 -2 . 15 0 . 94 

5 . 14 -3 . 07 1 . 4 1 · 00 
00 
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Figure 4 . 1 :  Ram 1 .  Plasma LH and testosterone ·concentrations 

following inj ec tion of GnRH� Doses were : 0•·----o , 3 . 1  pg ; 

.A. - - .A., 12 . 5  ·pg ; I - - I ,  SO pg ;  Aa--�A , 200,ug .  
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Fi gure 4 . 2 :  Ram 2 �  Plasma LH and testo sterone concentrat ions 

following inj ection of GnRH � Doses were : 0 0 ,  3 . 1  pg ; 
• - - �' � 2 . 5  pg ; • - - 1 ,  so pg ;  a a ,  200 pg .  
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Figure 4 . 3 : Ram 3 .  Plasma LH and testosterone concentra tions 

following inj ec tion of GnRH . Doses were : 0 0 ,  3 . 1  pg ; 

� - - �' 12 . 5  pg ; I - - I ,  50 pg ; A A , 200 pg .  
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Pr ior to GnRH admin istrat ion plasma LH l evels ranged from 

undetec table � 0 . 05 ng/ml ) to 4 . 4 1  ng/ml , and testos terone levels ranged 

f rom 0 . 39 to 7 . 4 1  ng/ml . Al l inj ections of GnRH resulted in eleva t ions 

o( LH concen tra t ions within 10 min . Following inj ection o f  low doses 

( 3 . 1  and 1 2 . 5  � g )  plasma concentrat ions of  LH rose rapidly to peak 

leve ls within 1 5  - 20 min then slowly declin ed during the subsequent  

3 - 4 h .  Higher doses o f  GnRH ( 50 and 200 �g) resulted in more prolonged 

elevat ions of plasma LH levels  and generally a second peak was noted 

approximately 1 . 5 h a f t er an ini t ia l  eleva t io n . Concentrat ions had 

returned to pre- inj ec t io n  levels within 4 . 5  h a fter inj ec t ion in most 

subj ec ts . 

Elevation of  testos terone concentrat ions occurred sub sequent to 

those o f  LH . Testosterone levels f luc tuated considerab ly and generally 

were elevated for longer than 4 . 5 h after GnRH inj ec tio n . 

Though the testos terone response to each GnRH inj ect ion d id no t 

differ significantly wi th dose , the LH output d isplayed a s ignificant 

l inear inc rease with increasing dose (I 1 , 9  = 37 . 60 ,  P< 0 . 00 1 ) . The 

regression of to ta l testost erone secret ion on total LH output was no t 

signif icant . 

Linear coe f f ic ients  o f  regression f its  o f  LH response curves 

(Tab le 4 . 3 )  showed a significant l inear increase with GnRH dose 

increments (�3 = 3 . 24 , P < O . OS) , but non-l inear component s  of  regression 

fits  were not signif icantly d ifferent . No d if ferences in shapes o f  

testosterone response curves were detec ted . 

( 2 )  Experiment 2 . 2 .  

See Tab les 4 . 3  and 4 . 4 and Figures 4 . 5 - 4 . 8 .  

Plasma level s  o f  LH following inj ec t io n  of  200 �g o f  GnRH s tored 

overnight as a check on GnRH stab ility in solution were : 

Time after inj ec tion (h) LH (ng/ml) 

0 

0 . 25 

0 . 5  

0 . 7 5 

1 . 0 

1 . 5 

0 . 05 

8 . 0  

1 2 . 0  

24 . 0  

2 0 . 0  

28 . 0  

This response was s imilar t o  that observed fol lowing acute 

inj ec t ion of  equiva l ent  quant it ies o f  f reshly disso lved GnRH 

( Experiment 2 . 1 ) .  
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TABLE 4 . 4  

Mean pre-infusi on hormone levels ( ng/ml ) and total responses to GnRH infus ion ( Experiment 2 . 2 )  

and a summary of analyse s of variance of  thi s data .  

Dose of GnRH ( �£) LH Testosterone -

Pre-infus i on Tot al Pre-infus i on Total 

0 0 . 18 14 . 99 2 . 04 35 . 59 

12 . 5  0 . 12 37 . 65 1 . 31 4 5 . 24 

50  0 . 61 44 . 50 3 . 04 4 5 . 35 

200 1 . 26 47 . 70 1 . 23 44 . 85 

Source of vari ance d .  f .  Vari ance Ratios 

Dose 1 7 . 87** 29 . 71*** 1 . 81 21 . 51*** 

Animal 1 1 . 55 2 . 10 2 . 48 11 . 69** 

Re si dual mean square 9 13 . 71 29 . 33 13 . 15 4 . 25 
\0 ()) 
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Prior to Gnffi� infus ion plasma LH concentrations ranged from below 

0 . 05 ng/ml to 4 . 8 7  ng/ml , and testos terone levels ranged from 0 . 38 to 

7 . 99 ng/ml . LH levels rose stead ily upon commencement o f  infusion of 

GnRH , reached peaks from 1 to 3 h la ter , then subsequently dec l ined 

slowly during the rema inder of the 8 h infusion per iod . After 

cessation of infus ion of higher doses of GnRH , LH concentrations 

cont inued to be eleva ted above ini t ial  leve l s ,  but decreased to pre­

infus ion levels wi thin two h .  With lower doses of GnRH , LH 

concentrations of ten fell to pre- infus ion levels before the infusion 

was comple ted . Testosterone level s increased subsequent to the LH 

rise and were highest  during the f irst  4 h of GnRH infusion . Levels 

fell slightly  thereafter , but generally were eleva ted above pre- infusion 

levels at the end of the infusion ; the return to pre-infusion levels 

occurred 2 - 4 h later . Control infus ions of  sal ine resul ted in no 

elevat ion of LH or t estosterone pla sma concentrat ions . 

Est imates of total LH and testosterone responses to GnRH infus ion 

(Tab le 4 . 4 )  were significantly grea ter than those fol lowing sal ine 

infus ion (£1 , 9  = 8 1 . 9 ,  P< 0 . 00 1 ,  and F 1 , 9 = 9 . 4 ,  P< 0 . 05 , respec t ively) . 

Total LH response curves showed a s ignificant l inear increase with 

increas ing GnRH dose (£1 , 9  = 6 . 94 ,  P< 0 . 05 ) , but there was no such 

increase in testosterone secre tion following use of increasing doses 

of GnRH . 

Analysis of var iance of the regression coefficients o f  total of 

testosterone ou tput on to tal of  LH output showed a signif icant 

quantitative relat ionship be tween these two hormones (r< 0 . 05 ) . 

Linear , quadra t ic and cub ic coeff icien t s  o f  regression f i t t ed 

to LH and t esto sterone response curves following GnRH infusion (Table 

4 . 3) were s ignificantly  greater in magnitude  than those following saline 

infusion (�3 = 3 . 36 ,  4 . 60 and 4 . 29 , P< 0 . 05 )  respectively for LH , and 

�3 = 4 . 86 ( P <  0 . 05 ) , 6 . 30 (P< 0 . 0 1 ) and 5 . 54 (P<  0 . 09 respec t ively for 

testos terone . No s ignif icant differences in regression coeff ic ients  

fol lowing GnRH infusion indicated that  the shapes of LH and 

testosterone following each dose of GnRH was essentially the same . 

4 .  DISCUSS ION 

Results  from this and o ther s tudies (Amos and Guillema n ,  1 969 ; 

Reeves e t  al . ,  1 970 ; Arimura et al . ,  1 9 7 2 ;  Galloway et al . ,  1 9 7 4 ; 

MASSEY UNIVERSt{X 
LIBltAAY 
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Hopkinson e t  a l . ,  1 9 7 4 ; Galloway and Pelle tier , 1974 ; Pel letie r ,  1 9 7 6 ; 

Bremner et al . ,  1 9 7 6 )  have shown conc lusively tha t GnRH elic its  

a n te rior pituitary re lea se  o f  LH in  adult rams ; in turn , the release 

of  LH resul ts in an eleva t ion of  plasma testos terone concentrat ions . 

The intravenou:> route of  GnRH adminis tration has been shown by 

o thers (Gonza lez-Barc ena et al . ,  1 9 7 3 ;  Convey , 1 9 7 3 ;  Gal loway and 

Pe l l e t ier , 1 9 74 ; Hopkinaon et a l . ,  1 9 74 ; P d l t H ier , 1 9 7 6 )  to b e  
efficient in  induc ing LH release and was adop ted as the s tandard route 

for GnRH administration in exper iments descr ibed in this thesis . Intra­

arterial ( Reeves et al . ,  1 970 ; Amass and Guilleman , 1969) , 

intramuscular (Arimura e t  al . ,  1 9 7 2 ) , subcutaneous (Gonzalez-Barcena 

e t  a l . ,  1 9 7 3 ) , intranasal (London et al . ,  1 9 7 3 ) , intrapituitary 

( Spies and Niswender , 1 9 7 3 )  and int raventricular (Cramrner and 

Barraclough , 1 9 7 5 )  routes  also have proven effective in s t imulat ing 

LH output f rom the pituitary , even though the t iming o f  responses have 

var ied with the route o f  administration . In fac t even when the dose 

has been he ld  constant , wid e var ia t ions in response to GnRH have 

f o l l owed the use o f  the same rou te of admin istration in the ram . 

Linc o l n  ( 1 9 7 6�) suggested tha t pituitary responsivene ss to GnRH var ied 

in re lation to light ing- induced sea sonal breed ing pat terns . Use of 

d i f ferent a$ays may have accounted for some of the d if ferences in 

responses reported in the l itera ture . A summary o f  responses recorded 

in some previous papers on the administrat ion of  GnRH to adul t rams 

is presented in Tab le 4 . 5 . 

All do ses of GnRH used in the present study ( 3 . 1  - 200 � g) 
e l icited p ituitary LH output  and thereby caused testos terone release . 

Adminis tration of sal ine d id no t elicit  LH secretion in this 

experiment or  those of o thers ( Ar imura et  al . ,  1 9 7 2 ; Hopkinson et al . ,  

1 9 7 4 ; Galloway and Pel l e t ier , 1 9 7 4 ) . The present exper iment showed a 

s ignif icant l inear incr ease in LH output in response to logarithmic 

increments  of  inj ect ed or infused GnRH , toge ther with a delay in 

atta inment of peak values as dose increased ; essent ially similar 

results were recorded by Hopkinson et  al . ( 1 974 ) . 

The quantitative r ela tionship between LH secretion and the 

subsequent testosterone output following GnRH administration is not 

c lear ; a posit ive relationship b etween LH and testosterone output  

was estab l i shed after  GnRH was g iven by infusion , but not  following 

inj ection . Galloway and Pelletier ( 1974 ) showed a c lose l inear 



TABLE 4 . 5  

Summary of re sponses recorded in previous research on the administrat ion of GnRH to adult r�s . 

Authors  Breed 

Amass  and Guilleman ( 1969 ) Whiteface 

Reeves et al . ( 1970 ) White face 

Arimura et al . ( 1973 ) Whiteface 

Hopkinson et al . ( 1974 ) Unspec i feid 

Galloway et al . ( l 974 ) !le de France 
" 

Galloway and Pellet ier ( 1975 ) !le de France 

Lincoln ( 1976�) So ay 

Number Route of 
of rams administrat ion 

2 

1 

1 

1 

2 
2 

5 

7 

Intra-arterial 

Intra-arterial 

Intra-arterial 

Intravenous 

Intravenous 
" 

Intravenous 

Intravenous 

GnRH 
dose ( lJg )  

100 

1 
3 
9 
27 

250 

0 . 125  
0 . 25 
0 . 5  
1 . 25 
5 . 0  
10 . 0  
50 . 0  

100 
Boo 

100 

5 

Peak level 
( ng/ml ) 

14 . 98 - 18 . 97 

0 
Approx . 8  

" 

" 

20 

2 . 0  approx 
4 . 0  " 
5 . 0  " 
10 . 0  " 
11 . 0  " 
13 . 5  " 
14 . 0  " 

8 . 5  - 18 . 6  
30 . 5  

9 . 6  ± 3 . 4  

4 - 50  

Time to reach 
peak (mins ) 

5 

2 . 5  - 10 
" 

" 

60 

5 approx 
20 " 
20 " 
20 " 
10 " 
60 " 
100 " 

llO - 120 
140 - 160 

120 ± 4 

10 - 4 5  
� 
0 � 
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relat ionship between the total secret ion of these two hormones af ter 

inj ec ted GnRH , but these authors used only two widely d ivergent doses 

( l OO and 800 �g)  and two rams to establish this relationship . A 

consistent quantitative relat ionship between these hormones may have 

been obscured because of significant between-animal diff erences in 

output of LH and testosterone observed in this experiment .  

Though for each ram the peak LH output following inj ec tion o f  

high doses of GnRH was delayed , the init ial  LH rise was similar 

following each dose regard less of the occurrence of a second peak 

wh ich was a characteris t ic response fol lowing higher GnRH doses . 

This constant initial response was interpreted as ind ica ting a 

possib le init ial  rapid sa tura tion o f  gonadotroph recep tors , regardless 

of dose , resu l t ing in the immediate release of similar quantit ies of 

stored LH . Because of the shor t plasma half-life of GnRH (Crighton 

et  al . ,  1 9 7 3 ) , a rapidly diminishing pat tern o f  GnRH-receptor bind ing 

and LH release should fol low adminis tra t ion o f  GnRH . 

T h e  n ' n s o n  f o r  t h e s e c o n d  e l evn t io n  o f  Lll fo l l owin g h i gh d o s e s  

i s  no t c J c a r ,  hut  i t  h a s b e e n  sugge s t e d  that  h i gh do s e s  enhanc e  

synthesis of the gonado trophin (Borgeat et al . , 1972) , o r  there may 

be two func t ional pools  of LH in pituitary cells , differ ing in the 

period of exposure to GnRH required to e licit their release (Bremner 

and Paulsen , 1974 ) . In either case biphasic responses to infused 

GnRH should have been expec ted , b ut none were observed in Experiment 

2 . 2 .  However , Bremner and Paulsen . ( l9 74 )  d id observe a biphasic 

response to GnRH infusion in men and following use of high doses o f  

infused GnRH , biphasic output of LH has been shown i n  rams (Bremner 

et al . , 19  7 6 )  . 

The eventual fall in plasma LH levels was likely to have been 

due to plasma depletion of inj ec ted GnRH as wel l  as receptor b ind ing 

and metabol ism o f  LH , but  when GnRH was infused , LH levels fell 

despite cont inued administra t ion . This probably was due to increasing 

stero id feedback inhib i t ion of p ituitary LH output (Galloway et al . ,  

1 9 74 ; Piper e t  al . ,  1 9 7 5 )  or to refrac toriness o f  the pitui tary to 

pro longed exposure to GnRH (Bremner et  al . 1 9 76 ) . Loss  of b io logical 

activity of GnRH during infusion was an unlikely explanat ion s ince 

a separate  sma l l  experiment demonstrated the s tability o f  the 

decapeptide in solut ion . Also o thers have d emonstrated the retention 

of b iological ac t ivity by GnRH when incubated in sal ine (Virkkunen 
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et a l . ,  1 9 74 ) . Exhaustion o f  pituitary LH suppl ies is unl ikely 

to have occurred s ince it has been shown tha t considerable quan t i t ies 

of  the gonadotrophin remain in sheep pituitaries following GnRH 

infus ion , despite re frac torines s to administra t ion o f  larger doses o f  

the decapep tide toward the end o f  the infusion period (Piper et  al . ,  

1 9 7 5 ) . 

No ep isod ic r e l eases o f  LH were observed during either the 

GnRH or con trol sal ine infusions . A similar observa tion was made by 

B rcmn e r  and Pnul sen ( 1 9 74 )  who infused GnRH into men , but on the o ther 

hand , Piper et a l . ,  ( 1 9 7 5 )  ind ica ted tha t some pul satile release of 

LH occurred dur ing GnRH infus ion into ewes , despite eleva ted plasma 

leve l s  of LH . Bremner and Paulsen ( 1 9 7 4 )  concluded tha t since 

exogenous GnRH administration inhibited episod ic release of LH , 

episodic hormone release must  have been init ia ted by centres o ther 

than the pituitary gland . 

Exogenous testosterone administrat ion to ent ire rams depressed 

the quantity of LH released f rom the pituitary in response to GnRH 

stimulat ion (Hopkinson et al . ,  1 9 7 4 ) . Similar effects were ob served 

in vitro following high doses of testos terone , though low doses in 

vitro may have been s t imulatory to LH output in response to GnRH 

(Kao and Weisz , 1 9 7 4 ) . Da ta published by Galloway e t  al . ( 1 9 74 )  

suggested that the levels of  testosterone in plasma prior t o  GnRH 

inj ec t ion may influence the p ituitary response since LH output was 

lower when pre- inj e c t ion levels  of testosterone were high . By 

regression analysi s ,  output o f  LH following GnRH adminis tration was 

shown to be unaffec ted by testos terone levels prior to GnRH 

administration in this study . Inves t igation using one dose rate of 

GnRH and artificia lly  varied plasma levels  of testos terone in intac t 

rams would be required to elucidate the poss ible short-term feedback 

ac t ivit ies  of testos terone . In wethers ( Galloway anq Pellet ier , 1 9 7 5 ; 

Pelletier , 1 9 7 6 )  t es to sterone treatment both lowered the peak 

response and delayed the onset  of peak r esponses , following GnRH 

administration , indica ting the complexity of the feedback activity 

of testos terone in mod ifying p i tuitary LH release . 
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CHAPTER V 

ENDOCRINE AND ANATOMICAL PARAMETERS DURING SEXUAL MATURATION OF RAMS 

1 .  INTRODUCTION 

Many phys iological a s pects of  puberty ,  inc luding sperma togenesis , 

ana t omical development and growth pa t terns have been stud ied in the 

ram ( Drymundsson , 1 9 7 3 ) , but until recently,  l i t t le has been publ ished 

about the endocrine change s  associated with puberty, or about the 

neuroendocrine mechanisms regulating the onset  and progression o f  

sexual maturat ion of  rams . This s tudy was undertaken to invest igate 

hormonal fac tors which may be involved with puberty in the ram, to 

del ineate pituitary and gonadal func t ional development and to relate 

the a t tainment of a reproductive capacity to corresponding hormonal 

events . 

2 .  MATERIALS AND METHODS 

( 1 )  Exper iment 3 . 1 : Pilot Study. 

In spr ing 1 9 7 3 ,  four Dorset ram lamb s were used in a p ilot  s tudy 

of the changes in plasma hormone level s  during sexual maturation , to 

provide data to assist in the design of Experiment 3 . 2 ,  a major  s tudy 

of sexual development . From two weeks of age , s ingle blood plasma 

samp les were col lec ted at  approximately weekly intervals for 35 weeks 

and subsequently  assayed for LH and t estosterone concentrat ions . 

Analys is o f  data was no t performed b ecause o f  the l imited data 

ava il ab le and the lack of a sound ba sis upon which to design a 

statistical analysis . 

(2)  Exper iment 3 . 2 :  Basal Level s  o f  Plasma LH, Testosterone 

and P rolac t in .  

(i)  Control Rams . Thirty two l ambs were selec ted at  random from 

an initial flock o f  40 rams and at each two-weekly sampl ing period from 

b ir th to 32 weeks of age , e ight of these were selected for b lood 

sampling . At b irth a s ingl e  b lood plasma sample was collec ted , but 

from two weeks o f  age , four plasma samples were collected a t  30 min 

intervals at  each sampling period . Sampl ing commenced at  0900 h on 

each occasion . LH and prolac t in estimat iom were performed on all 
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four samples , but t es tosterone levels were est imated only for  the 

f irst sampl e  collec t ed . 

(ii)  GnRH Treated Rams . A further four ram lambs were given 

intramuscular inj ec t ions o f  GnRH . The dose of GnRH was 1 llg/Kg 

given as a solution o f  10 l1g/ml in 0 . 9% sal ine each week f rom 1 to 

31  weeks of  age . Each two weeks , four b lood plasma samples were 

collec ted as for ( i )  above , prior to inj ec t ion of  GnRH , and assayed 

for LH and testosterone levels . 

( i ii) Tes tost erone Treated Rams . The remaining four ram lamb s 

were given intramuscular inj ections o f  testost erone cypiona te  ( "Depo­

testos terone" ,  Upj ohn Limited)  each week at a dose rate o f  2 . 5mg/Kg , 

and plasma samples collected and assayed as lor ( ii) above . 

( iv) Data Analysis . Data f rom the day of  birth was no t 

included in sta t i s t ical analyse s s ince one sample only was collec ted 

from each animal . Analyses of var iance of  testos terone and mean 

(within-animal ) LH data were performed ; age effects  were par t it ioned 

us ing standard orthogonal coeff ic ient s  (Fisher and Ya tes , 1 9 6 3 ) , 

while the effects  of  hormone treatments  were determined us ing the 

coeffic ien t s  shown b elow : 

Contrast Control  GnRH Testosterone 
Trea t ed Treat ed 

1 .  Control vs GnRH Treated +1 - 1  0 

2 .  Control  vs Testosterone +1 0 - 1  
Trea ted 

Mean prolac t in level s  (within-animals)  were calculated and 

standard orthogonal coef f icients used to par t it ion the effects  o f  

age in a separate analysis o f  variance . 

In order to examine the likelihood o f  a sampling-induced 

al t erat ion of plasma LH or prolac t in levels ,  a chi-square test  was 

applied to test  whether the number o f  animals d isplaying highest 

levels 'in each of the four samples. collected from control ' animals 

departed s ign ificantly from expec tations . This test was based on 

the expec ta t ion tha t highest levels should occur with equal 

frequency in each sample . 

( 3 )  Experiment  3 . 3 : LH and Testosterone Output in Response to 

GnRH Administra t ion . 
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( i )  Con trol Rams . At 6 ,  1 0 , 14 , 1 8 , 2 2 , 26 , 30 and 3 2  weeks 

of age , four of the lambs sampled at those ages in Experiment 3 . 2  ( i ) 

above were used to study p ituitary LH and gonadal testosterone output 

fol lowing GnRH inj ec t ion ; Immed iately after the fourth "basal level "  

sample was collec ted , a s ingle jugular intravenous inj ec t ion of  GnRH 

( 1  �g/Kg freshly d issolved in 0 . 9% saline at a concentration o f  10 �g/ 

ml ) was given . Blood samples were collected at  1 5 ,  30 , 4 5 ,  60 , 9 0 ,  

1 2 0  and 240 min after inj ection . The rema ining four lamb s sampled 

the above ages in Experiment 3 . 2  ( i ) above were given control 

inj ec t ions o f  sal ine and b lood samples were collec ted 30 and 90 min 

later . Pla sma was stored for LH and testost erone estima t ions . 

at  

For analyses of  variance the mean plasma concentra t ions o f  LH 

and testosterone in the four pre-inj ec t ion samples , and the total 

hormone output response curves following GnRH inj ection ( see p 60)  
wer e  used as parameters . Age effec t s  were par t i t ioned using standard 

o rthogonal coeffic ients . 

Regression fits  o f  r esponse curves ( see p . 60 ) were calculat ed 

and age effects  par t it ioned using or thogonal coefficient s  after 

analyses of var iance to d etermine d i ff erences in the t iming of 

r esponses t o  GnRH inj ect ion . 

( ii)  GnRH and Testosterone Treated Rams . At 32 weeks of  age,  

GnRH and t es tosterone trea ted animals  were t reated with GnRH then 

b l ed as for ( 3 ) ( i) above . Analyse s of variance of pre-inj ect ion 

l evels and to tal hormone responses , and r egression f it s  of response 

curves wer e  performed . Between-group compar isons were made us ing 

c ontrasts shown in sec t ion ( 2 )  ( iv)  above . 

( 4 )  Test icular and Epid idymal Histology and Epid idymal 

Sperma tozoal Reserves . 

The four rams given GnRH inj ect ions at  6 ,  1 0 ,  14 , 1 8 , 2 2 ,  2 6 ,  

3 0  and 3 2  weeks of  age were utilized for a study o f  test icular and 

epididymal development and assessment of epididymal sperma tozoal 

reserves . Immed iately following the 240 min b lood sampl ing after 

GnRH inj ec t ion,  animals  were castrated , testes and epid idymides 

r emoved and weighed , and sec t ions collected for later histological 

examination ( see p 4 1 ) .  Epididymides from lambs  1 8  weeks and over 

were stored frozen for la ter est imat ion of epididymal sperma tozoal 

reserves , as out lined in Chapter 2 .  
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Qualitative microscopic examina t ion o f  test icular and 

epid idyma l sec t ions was undertaken using the methods of cellular 

identif icat ion described by Sapsford ( 1 9 6 2 ) , Ortavant ( 1 9 6 9 )  and 

Stef fert ( 1 9 7 1 ) . Two sec � ions of each organ were examined and 

seminiferous and epid idymal tubule d iameters measured (see  P4 1 ) · 

Body weight s ,  test icular and epididymal data all wer e  sub j ec ted 

to analyse s of  variance in which age effects were part i t ioned using 

standard orthogonal coef f icients . Analyses of regression and 

covarianc e of this data and hormone data collected from the animals 

a t  the ages of  cas tra t ion , were performed to determine relat ionships 

be twe e n  va rious hormona l and ana tomical parame ters during sexual 

ma tura tion . .  

Test icular and epid idymal data includ ing epididymal 

spermatozoal reserves o f  control and GnRH and t estosterone t reated 

groups sampled at 32 weeks , were compared by analyse s of  variance 

us ing the coeffic ient s  shown in ( 2 )  ( iv) above . 

Epid idymal spermatozoal reserve data from 18  to 3 2  weeks was 

subject to analysis o f  variance and age e f fec ts  determined using 

s t andard or thogonal coe f f icients . Regression and covariance analyses 

including t es t is and hormone data were performed to determine 

relationships between endocrine and ana tomical parameters  and the 

output of spermatozoa . 

( 5 )  Analysis of Body Weight Da ta . 

Body weights from control and GnRH and testosterone t reated rams 

were compared by analysis of variance . Growth curves o f  contro l ,  

GnRH and t es tosterone t reated animals reaching 32 weeks o f  age were 

calculated as the regression of log 1 o body weight against 1 /age , 

and were compared by � tests based on coef f i c ients shown in ( 2 )  ( iv) 

above . These procedures wer e  d esigned to examine body weight and 

g rowth rate  d if f erences attributab le to GnRH or testosterone 

t reatment . 

3 .  RESULTS 

( 1 )  Experiment 3 . 1 :  Pilot S tudy. 

See Figure 5 . 1 .  
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Figure 5 . 1 :  Plasma LH and testos terone concent rations (means ± SEM) 

recorded from Dorset ram lambs from birth to 35 weeks 

of age . 
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Plasma levels o f  LH were high (up t o  3 . 54 ng/ml ) between 5 and 

8 weeks , but dropped to approxima tely 0 . 5  ng/ml between 9 - 1 2  weeks . 

Following an elevat ion at  1 3  and 1 4  weeks , concentrat ions f luc tuated 

only sl ightly , and mean plasma content rarely exceeded 1 . 0 ng/ml . 

Mean plasma testost erone conc entrations rose slowly from 0 . 7 5 ng/ml 

up to 1 . 7 3  ng/ml by 1 2  weeks , then during the following 1 2  weeks 

fluc tuated between 0 . 40 and 3 . 84 ng/ml . From 25 to 35 weeks , leve ls 

increased steadily f rom 1 . 38 to 2 . 24 ng/ml . 

( 2 )  Experiment 3 ; 2 :  Basal LH, Testosterone and Prolac tin Plasma 

Levels . 

See Figures 5 . 2 , 5 . 3  and Table 5 . 1 .  

Peak plasma LH levels in control and GnRH treated lambs were 

reached at 6 weeks of age , and in testost erone treated animals at 12 

weeks . Mean levels subsequently decreased unt il approxima tely 16 weeks 

then remained relat ively stable at between 0 . 25 - 0 . 75 ng/ml . Analyses 

of var iance (Table 5 . 1 ) showed that there . were signif icant linear 

decreases in LH levels with age (P < 0 .  00 1 )  in both control  and GnRH 

treat ed animals . 

Mean plasma testosterone concentrations increased f rom b irth 

and h ighest levels (approximately 2 . 7 ng/ml ) were reached at between 
o...-..l 

26 and 30 weeks of  age in control and GnRHJ. testosterone treated rams . 

The increase of  testos terone concentration was shown to  be  l inear in 

each group (P < 0 . 00 1 ,  Table 5 . 1 ) .  

Mean plasma content of  prolac t in was low at birth ( 14 . 7  ng/ml ) , 

inc reased rapidly to  approximately 55 ng/ml a t  6 weeks and remained 

at approximately that level unt il 18 weeks , whereupon levels decl ined 

gradually to 1 3 . 4  ng/ml at 32 weeks . This pa ttern of prolactin 

secret ion was the reason for the signif icant (P < 0 . 00 1 )  quadratic 

component in the analysis of variance o f  the age effec t s  for the 

prolac tin data . 

Ana lyse s o f  var iance test ing the e f f ec t s  of weekly GnRH and 

tes tos t erone trea bnents (Table 5 . 1 ) showed no effec t of treatment on 

LH levels , but testosterone levels measured in plasma f rom testosterone 

trea ted rams were s ignificantly lower than those f rom control rams 

( P  < 0 . 00 1 ) . 

A chi-square analysis was performed to determine whether 
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Figure 5 . 2 :  Plasma LH and tes tos terone concentrations (means ± SEM) 

recorded from control , GnRH treated and testosterone 

t reated rams from b irth to 32 weeks of age . 
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TABLE 5 . 1  

Summary of analyses  of variance of basal LH , testosterone and prolactin 

data for control and GnRH and t estosterone treated rams . 

Sourc e  of Variat ion d . f .  Variance Ratios 

control GnRH treated testosterone 
treated 

1 .  AGE 

LH 

l inear 1 14 . 53*** 42 . 49*** 0 . 56 

quadrat ic 1 4 . 15 *  0 . 00 7 . 89** 

cubic 1 9 . 43** 17 . 76*** 3 . 84 *  

Residual mean sg,uare 235 161 . 5  161 . 5  161 . 5  

TESTOSTERONE 

l i near 1 129 . 88*** 37 . 82*** 31 . 99*** 

quadr:J.tic  1 0 . 25 2 . 24 0 . 39 

cubic 1 0 . 39 0 . 39 0 . 19 

Res idual mean sg,uare 235 331 . 9  331 . 9  331 . 9  

PROLACTIN 

l i near 1 3 . 18 

quadratic  1 16 . 09*** 

c u u i c  1 0 . 4 1  

Res idual mean sg,uare l09 303 . 5 . 

2 .  HORMONAL TREATMENT 
LH Te stosterone 

Control vs GnRH 1 0 . 04 1 . 44 
Treated 

Control vs Testosterone 1 2 . 53 17 . 22*** 
Treated 

Res idual mean sg,uare 235  161 . 5  331 . 9  
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snmpl ing-induccd eleva t ions of  LH and prol�ctin concentra tion 

o c c H r r. c J  in u n t rcn t cd ram lnmb s . Data for t hese  analyses and chi­

square values are  shown below : 

Hormone Number of rams with highest 
Basal Level in Samples : 

Sample No . 1 

LH 9 4  

Prolac tin 50 

2 

1 6  

3 1  

3 

9 

2 9  

4 

4 

1 3  

Expected 
Numb er 

30 . 7 5 

30 . 7 5 

1 7 0 . 2 9 *** 

2 2 . 39*** 

Resul t s  indicated tha t sign i f icantly greater numbers o f  

animals than expec ted showed higher levels of  bo th LH and prolactin 

in the f irst o f  the four samples collected (P < 0 . 00 1 ) . 

( 3 )  Experiment 3 . 3 : LH and Testosterone O�tput in Response 

to GnRH Administration . 

See Figures 5 . 4 - 5 . 8  and Tables 5 . 2  and 5 . 3 . 

Each GnRH inj ec t ion was followed by an eleva t ion of  LH 

concentrations within 1 5  min . The mean peak LH level was highes t 

( 6 4  ng/ml) a t  the first sampling a t  6 weeks of  age , then decreased 

progressively to 20 . 5  ng/ml at 32 weeks . Analysis of varianc e 

(Table 5 . 2 ) showed this change to be  a significant l inear dec rease 

with age (P < 0 . 00 1 ) . Peak responses occurred within 1 5  min o f  

inj ec t ion a t  6 ,  10 , 1 4  and 1 8  weeks o f  age , a t  4 5  min at 2 2  weeks , 

30 min a t  2 6  weeks , and 6 0  min at  30 and 32 weeks . 

The princ ipal s ignif icant f ind ing from the analyses of  variance 

of regress ion fits  (Tab le 5 . 3) was that the l inear (P < 0 . 0 1 ) ,  

nega t ive quad ra tic ( P  < 0 . 00 1 )  and cub ic ( P  < 0 . 00 1 ) regression fits  

o f  LH  response curves decreased l inearly with  age , indica t ing a 

progressive delay in the peak LH response as sexual maturat ion 

progressed . 

Conversely , mean peak t estosterone level s  were low ( 3 . 6  ng/ml ) 

at  6 weeks , increased sl ightly a t  1 0 ,  14 and 1 8  weeks , and reached 

progres s ively higher l evels thereaft er ,  being maximal (9 . 86 ng/ml ) 

a t  32 weeks of age . In  the analysis of var iance ( Table 5 . 2 ) this 

change was shown by the s ignif icant linear increase with age in the 

t es tosterone response ( P  < 0 . 00 1 ) . 

Peak t estosterone content  in plasma at  6 weeks of age occurred 

1 2 0  min a f t er GnRH inj ection , and in . the sub sequent experiments a t  
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and 32 weeks of age . 
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TABLE 5 . 2  

Experiment 3 . 3 :  Mean pre-inj ection leve l·s ( ng/ml ) and tot al LH and 

testosterone output response s to GnRH , and summary of analyses  of 

variance o f  this dat a .  

Group Age (weeks ) LH Testosterone 

Pre- Total Pre- Total 
inj ection inject ion 

CONTROL 
6 1 .  01 17 . 4 3 0 . 11 9 . 86 

1 0  o . r;2 1 6 . '( �  o . G� 11 . '(' 3 
lL( 0 . 48 17 . 46 0 . 19 11 . 05 

18 0 . 26 17 . 02 0 . 80 11 . 33  

22  0 . 25 17 . 28 0 . 71 11 . 80 

26 0 . 40 15 . 64 1 . 89 13 . 17 

30 0 . 16 16 . 24 3 . 32 13 . 06 

32 0 . 27 15 . 95 3 . 03 14 . 18 

GnRH TREATED 

32 0 . 08 13 . 36 0 . 21 12 . 75 

TESTOSTERONE TREATED 

32 0 . 08 13 . 58 0 . 17 10 . 21 

Sourc e  of Variat i on d .  f .  Variance Ratios 

1 .  AGE 

l inear 1 1 1 .  45** 15 . 93*** 4 9 . 16*** 57 . 60*** 

quadratic 1 3 . 76 0 . 82 3 . 35 0 . 70 

cub i c  1 0 . 74 0 . 53 0 . 15 0 . 14 

Res i dual mean square 24 0 . 02 0 . 98 0 . 01 1 .  5 8  

2 .  HORMONAL TREATMENT 

Control vs GnRH 1 0 . 37 3 - 53 0 . 06 1 . 05 
Treated 

Control vs Testosterone 1 0 . 50 2 . 95 0 . 98 8 . 8 5 *  
Treated 

Res i dual mean sg,uare .2. Q . 002 3 . 80 0 . 053  . 3 . 86 



TABLE 5 . 3  

Summary of analyses of variance of regres.s ion fit s of LH and testost erone re sponse curves . 

Variance Rat ios 

LH Testosterone 

Source of Variation d. f .  l i near quadrat ic  cubic  linear quadrati c  cubic 

l.  AGE 

linear 1 13 . 76** 48 . 00*** 89 . 12*·��· 1 . 33 1 . 17 0 . 12 

quadrat i c  1 l .  7 3  0 . 03 0 . 13 1 . 19 1 . 07 1 . 94 

cubic  1 3 . 96 3 . 77 8 . 8 5 ** 3 . 75 8 . 34** 5 .97* 
Residual mean square 2 5  420628 685443  467 . 67 402184 188365 365 . 91 

2 .  HORMONAL TREATMENT 

Control vs GnRH Treated 1 4 . 50 0 . 13 0 . 23 1 . 03 1 . 12 0 . 99 

Control vs Testosterone 1 4 . 47  0 . 41 0 . 78 7 . 24 *  1 . 48 l .  5 3  
Treated . 1--' 1\.) 

0 
Residual mean square 10 606890 694421 4 96 . 03 564310 502394 414 . 03 
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60 - 90 min pos t-inj ec t ion . There were no maj or difference s  

between the regression f i t s  of t estosterone response curves from 6 

to 32  weeks of  age ,  indicating the shapes o f  the response curves 

were essent ially the same . 

The only signif i cant differ ence observed b etween t reated and 

control groups was that the to tal t estosterone output f rom 

testos t erone t rea ted rams was significantly less than tha t from control 

rams ( P  < 0 . 0 5 ,  Table 5 . 2 ) . 

(4 )  Bo� We igh t ,  Test is, Epid idymal and Hormona l Da t a . 

( i )  Body We ight . See Figure 5 . 9  and Table 5 . 4 .  

Analysis of var iance (Tabl e  5 . 4 )  showed that both GnRH and 

testos t erone trea ted animals had s ignif icantly grea ter body weights  

than untreated animals (P < 0 . 00 1 ) . !_ test comparisons o f  growth 

curve regression coeff icients  showed no signif icant d if f erences , 

ind icat ing that while  body weigh ts  were s igni f icantly d i f ferent , 

growth rates of  animals in each group were similar . Thus body 

we ight d ifferences were likely to have been a reflect ion of d i f f er ing 

body weights at b irth : GnRH treated and testosterone treated groups 

were respec t ively 0 . 80  and 0 . 68 Kg heavier than controls at  b irth . 

Tab le 5 : 4 .  Summary o f  Analysis o f  Var iance o f  GnRH and Testosterone 

Trea tment Effec ts  on Body Weight . 

Source o f  Var ia t ion d . f .  Variance Ra tio 

1 .  Normal vs GnRH Treated 1 5 9 . 38*** 

2 .  Normal vs Tes tosterone 1 29 . 88*** 
Treat ed 

Res idual Mean Square 385 0 . 0063  

( ii)  Body Weights , Tes t i s  and Epididymal Growth , Epididymal 

Sperma tozoal Reserves and Hormone Data at Ages of  Cas t ra t ion . 

See Tables 5 . 5 - 5 . 8 and Figures 5 . 10 and 5 . 1 1 .  

LH and testosterone da ta relevant to this section have been 

presen ted in sect ions ( 2 )  and ( 3) above ( see Table 5 . 2 ) . 

Body weights , tes t is weights , epididymal weigh t s ,  semini ferous 

and epididymal tubule diame ters (Tabl e  5 .  5) increased l inearly with 

age (P < 0 . 00 1 )  f rom 6 to 3 2  weeks . Epididymal spermatozoal reserves 

increased l inearly from 18 to 32  weeks (P < 0 . 00 1 ) ; p rior to 1 8  weeks 
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Body we ights , test i s , epiii dymal and hormone data ( mea� � ± SEM ) from rams castrated from 6 to 32 weeks of age . 

Age Body Test i s  Epididymal 
(weeks ) Weight Hei ght We ight 

( Kg )  ( g )  ( g )  

6 17 . 27 4 . 61 2 . 62 
± 1 . 37 ±0 . 40 ± 0 . 37 

10 24 . 75 17 . 05 5 . 80 
±2 . 07 ±1 . 82 ±0 . 47 

14 24 . 75 22 . 87 5 . 97 
± 2 . 59 ±2 . 82 ± 0 . 52  

18  27 . 40 54 . 08 8 . 40 
±1 . 59  ±7 . 24 ±0 . 92 

22 33 . 82 64 . 94 10 . 68 
±3 . 11 ±6 . 72 ±1 . 17 

26 33 . 50 101 . 5 5 15 . 08 
±2 . 82 ±11 . 06 ±1 . 22 

30 36 . 25 119 . 4 5 18 . 13 
± 3 . 11 ±14 . 19 ±1 . 63 

32 40 . 20 14 3 . 15 22 . 15 
±2 . 90 ±7 . 98 ± 1 . 4 3  

( n=:. ) 

S2=iniferous 
illbule 

D:. a.:::�eter ( \.1 )  

51 . 70 
±1 . 2 5 

88 . 45 
±4 . 90 

99 . 36 
±3 . 75 

131 . 85 
±5 . 48 

146 . 95 
±3 . 90 

131 .  71 
±9 . 59 

114 . 98 
±S . 36 

196 . 11 
±2 . 84 

Epididyt:1.al Epididymal Basal 
Tubule . Spermatozoal Prolactin  

Diameter ( ).1 )  Reserves ( x10 9
) ( ng/ml ) 

142 . 4  5 3 . 93 
±13 . 50 ±2 . 16 

222 . 71 5 3 . 95 
±9 . 91 ±2 . 11 

201 . 53 50 . 40 
±4 . 09 ± 1 . 66 

229 . 24 0 . 00 60 . 90 
±10 . 56 ±0 . 00 ±0 . 93 

153 . 73 6 . 47 46 . 95 
±5 . 30 ± 3 . 76 ±11 . 73 

268 . 13 19 . 58 - 2� . 72 
±9 . 91 ±8 . 78 ±1 . 92 

306 . 5 5 25 . 95 36 . 5 5 
±13 . 40 ±1 . 29 ±1 . 24 

347 . 72 59 . 04 13 . 40 
±9 . 4 2 ±9 . 51 ±4 . 53 

...... 
IV 
w 



TABLE 5 . 6  

Summary of analyses of va�i ��ce of data presented in Table 5 . 5 .  

Source of variation d. f .  Variance Ratios 

Body Testi s  Epidi C.:r::-.al Semini ferous Epididymal Epi didymal Basal 
Weight Weight Wei g!i.t. Tubule Tubule Spermatozoal Prolactin 

( 1 )  ( 1 )  Diameter ( 2 )  Diameter ( 2 )  Reserves ( 4 ) 

AGE 

linear 1 80 . 50*** 274 . 33*** 182 . 4 1*** 217 . 38*** 124 . 73*** 4 0 . 59*** 31 . 49*** 

( 131 . 11*** ) ( 67 . 50*** ) ( 5 . 44* ) ( 6 . 28* ) 

quadratic 1 3 . 63 2 1 . 61*** 0 . 84 23 . 80*** 0 . 03 0 . 97 8 . 56** 
( 11 . 86** ) ( 0 . 00 )  ( 0 . 00 )  ( 0 . 00 )  

cubic 1 0 . 47 1 . 91 1 . 65 2 . 40 6 . 17 *  0 . 42 0 . 03 
( 0 . 74 )  ( 0 . 47 )  ( 0 . 30 )  ( 3 . 28 )  

Residual mean s quare 25 0 . 0055  0 . 0236 O . Olh9 0 . 0042 0 . 0028 1610 399 . 5 1 

Figure s in parentheses repre sent variance rat ios of mea� corrected for : ( l )  Body Weight ; ( 2 )  Testis  Weight; ( 3 )  

Epididymal Weight . 

( 4 ) Error degrees  of freedom = 16 ( data from 22 to 30 ¥eeks only ) 

..... IV 
of>. 



TABLE 5 .1 

Variance rat ios  of regressions of data presented in Tables 5 . 2  and 5 . 4 .  

Independent Variable 

Dependent Body Test i s  Epididymal Seminifer- �idid�al Total Total Basal Basal Basal 
Variable Weight Weight Weight ous tubule Tubule LH Testost- LH Testost- Prolactin 

Diameter Di ameter erone erone 

Test i s  16 . 20*** 0 . 44 8 .  46'"' ++ 0 . 38 4 . 63* - - - - ---- - - -- ---- 0 . 36 
Wei ght 

Epididymal 18 . 92*** 62 . 25 *** ---- --- - - --- 1 . 26 4 . 77* 0 . 00 1 . 09 1 . 80 
Weight 

Semini ferous 
Tubule 3 . 86 46 . 66*** - --- - - -- ---- 0 . 22 3 . 37 0 . 06 0 . 38 3 . 35 
Diameter 

Epididymal 
++ Tubule ---- - - -- 18 . 56*** 11 . 27** ---- 0 . 41 0 . 94 0 . 05 0 . 01 1 . 66 

Diameter 

Epididymal ( 1 )  
++ ++ 4 *++ Spermatozoal -- -- 7 . 96* 8 . 62* 5 . 21* 1 . 02 0 . 84 7 . 88* 5 . 43* 3 . 78 . 99 

Reserves 

( 1 )  d . f . = 15 ; all other regres s ions have 24 d . f . 
++ ...... 

indicates  negative regre s s ion . N 
V1 



TABLE 5 . 8  

Body wei ght , testi s and epididymal data froc CnRH and testosterone treated �roups at 32 weeks o f  age ( Means ± SEM ) , 

and analy�e s  of variance o �  this dat a .  ( Data for control rams is  presented in t able 5 . 5 ) . 

Group 

GnRH Treated 

Testosterone Treated 

Source of  Variat ion d .  f .  

HORMONAL TREATMEr�T 

Control vs GnRH Treated l 

Control vs Testosterone 1 
Treated 

Res idual mean square 10 

Body 
Weight 

( Kg )  

4 0 . 75 
±2 . 56 

38 . 00  
±1 . 47 

0 . 06 

0 . 25 

0 . 003 

Te st i s  
Weight 

( g )  

125 . 67 
±12 . 11 

37 . 22 
±7 . 51 

0 . 11 ( 1 )  

( 0 . 20 )  

12 . 30** 
( 11 . 41** ) 

0 . 093 

Epididymal 
Weight 

( g )  

21 . 46 
±2 . 44 

11 . 73 
±1 . 85 

Semini ferous Epididymal 
Tubule Tubule 

Diameter ( � )  Diameter ( � )  

172 . 25 3 3 3 . 6 1  
±4 . 73 ±15 . 25 

124 . 62 231 . 40 
±16 . 16 ±5 . 60 

Variance Rat ios 

0 . 23 ( 1 )  
0 . 4o ( 2 )  

0 . 07
( 3 )  

( 0 . 04 )  ( 0 . 04 )  ( 0 . 07 )  

8 . 11* 8 . 22* 16 . 11** 
( 6 . 79* ) ( 0 . 28 )  ( 2 . 02 )  

0 . 033 0 . 019 0 . 003 

Epididymal 
Spermatozoal 

Reserves ( xlO 9 ) 

49 . 67 
±10 . 99 

1 . 15 
±0 . 54 

0 . 4 3 

122 . 90*** 

367 . 59 

Figures in parentheses represent variance r atios for means corrected for : ( 1 )  Body weight ; ( 2 )  Tes t i s  weight ; 
( 3 )Epididymal weight . 

...... 
N 
0'1 
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o f  age no epid idymal s permatozoa were present . 

When body we ight wa s used a s  a covaria t c ,  testis and epid idymal 

weight s increased s ignif icantly ( P  < 0 . 001 ) ind ica ting tha t the 

relative growth rat e of these organs was greater than tha t of body 

weights . Use of testis  weight and epid idymal we ight as covariates 

showed seminiferous tubule and epididymal tubule diameters to . 

increase rela t ively more rapidly than the respective organ weight s 

(P < 0 . 0 5 ) . 

Analyse s of var iance of regression coeff icient s showed the 

following impor tant s ignificant relationships ( Table 5 . 7 ) :  

(a)  Testis growth was related to body growth and to the 

increas ing total testosterone responses to GnRH dur ing the per iod 

of study . 

(b ) Epid idymal weights increased with increasing body we igh t s , 

testis weigh ts and total testosterone responses to GnRH inj ection . 

(c )  Epid idymal spermatozoal reserves increased as testis 

weight s ,  epid idymal we ights , seminiferous t ubule diameters and 

total testosterone respdnses to GnRH increased . Though epididymal 

sperma tozoal reserves were rela t ed to basal LH levels , LH levels d id 

not change s ignif icantly from 1 8  - 32 weeks and consequen tly the 

correlat ion of this relationship was smal l ( r 2 = 0 . 25 ) . 

Analyse s  of variance of data from control and hormonally 

treat ed rams at 3 2  weeks of age (Table 5 . 8 ) showed that t es t is weights ,  

epididymal weights , seminiferous tubule and epididymal tubule d iameters 

and epididymal sperma tozoal reserves , all were lower in testosterone 

treated rams than in untreated rams . GnRH t reatment had no 

signif icant effec t  on any of the parameters measured . 

( 5 )  Test icular Histology .  

S e e  Figures 5 . 1 2 - 5 . 23 .  A summary o f  histological observat ions 

is presented in Tabl e  5 . 9 .  

( i )  Seminiferous Tubular Histology During Sexual Ma tura t ion 

( a )  Control Rams . 

6 Weeks : Seminiferous t ubules consisted of sol id sex cords 

(Figure 5 . 1 2 )  within which were  dense popuiations o f  support ing cells 

lining the basement membrane � .while numerous gonocytes and some 



TABLE 5 . 9  

Numbe r of rams di splaying each testicular feature during sexual maturat ion . 

( Four animals were examined at each age ) 

AGE Seminfer- Gonocytes Pro sperm- Spermato- Primarl SEernatocytes SEermat ids Spermatozoa 

( k ) ous Tubule atogoni a  gonia Young Ol d Round Elongated Wit-hi n  1-lithin wee s L . um1.na 
Semini fer- Epididymal 
ous Tubule Tubule 

Control Rams 

6 0 4 4 

10 3 2 4 2 2 

14 4 - - 4 4 3 

18 4 - - 4 4 4 2 2 2 

22 4 - - 4 4 4 4 4 4 2 

26 4 - - 4 4 4 4 4 4 4 

30 4 - - 4 4 4 4 4 4 4 

32 4 - - 4 4 4 4 4 4 4 

GnRH Treated Rams --

32 4 - - 4 4 4 4 4 4 4 

Testosterone Treated Rams ..... w 
0 

32 3 1 l 3 3 3 3 3 3 3 
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ac t ively d ividing prospermatogonia were presen t  in both central and 

eccentric locat ions . 

1 0  Weeks : Mos t  tubules conta ined wel l defined lumina , part icularly 

those near�r the ret e testis . Though many tubules contained 

eccentr ically placed prosperma togonia , the maj ority of these germ cells  

were located close to the  basement membrane (Figure 5 . 1 3) .  A high 

degree o f  m i t o t ic ac t iv i t y  was evid ent in these cells , and many had 

assumed the appearance of sperma togonia . In a few tubules , single l ines 

of primary spermatocytes were observed . Support ing cel ls had begun to 

as sume ma ture Sertol i cell morphology and were interspersed between 
-

germ cells in most  tubules . 

1 4  Weeks : The testes of  one ram castrated at  this age were 

approximately twice the we ight o f  those of the o ther three ; 

seminiferous tubules of  the tes t es of this animal all contained lumina , 

large numbers of  early spermatocytes were present and many of  these were 

ac t ively d ivid ing ( F igure 5 . 1 5 ) . In  sec t ions o f  t estes from the 

remaining rams some seminiferous tubules lacked lumina , though germ 

cells were all in their peripheral pos it ions (Figure 5 . 14 )  and a sma l l  

number o f  tubules contained primary sperma tocytes . 

1 8  Weeks : In sec t ions from two animals , both early ( young) and late 

(old) pr imary sperma tocytes (Figure 5 . 1 7 ) were abundant . Sec tions from 

the other two rams showed a much more ma ture appearance with round and 

elonga t ed sperma t ids  present in many tubules , and sperma to zoa present 

in a few (Figure 5 . 1 5 ) . The latter cells usually were scattered 

throughout the lumen , but o f ten d isplayed charac terist ic s treaming toward 

Sertoli cells . Serto l i  cells were rela t ively less abundant on the 

basement membrane than in younger t estes and had assumed the 

charac t eristic s  of  ma ture Serto l i  cells w i th pale staining , often 

flattened or  triangular shaped nuc lei . 

2 2  Weeks : All sec tions possessed tub ules wi th spermatozoa present . 

As observed in the adul t ,  not all tubules contained all cell types , 

ind icat ing that the sperma togenic cycle  had been implement ed even a t  this 

early s tage of spermatogenesis . 

2 6  - 32 Weeks : The his tological appearance of  all s ections from rams 

26 weeks and older were s imilar . All elements  o f  the spermatogenic 

cycle were present ( Figures 5 . 1 7 and 5 . 1 8 )  and the histological 

appearance was that of the adul t shown in Figure 5 . 20 .  
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(b) GnRH and Tes tost erone Trea t ed Rams . Testes from rams 

t reated with GnRH then castrated at week 32 were indist inguishable 

his tologically from those of contro l  animals . 

Three o f  the  an ima l s  trea ted wi th testosterone also showed 

test icular his tological fea tures s imilar to those o f  unt rea ted rams , 

but a fourth ram possessed testes which resembled the histological 

s truc ture of  6 week old lambs (Figure 5 . 2 1 ) .  No tubular lumina were 

present and support ing c ells  were imma ture in appearance .  Gonocytes 

and prosperma togonia wer e  present both centrally and peripherally ,  but 

appeared to be  present in larger numbers than in t estes of untreated 

s ix week old rams (Figure 5 . 1 2 ) . 

( ii) Interstit ial Tissues . Ariimals a t  all ages possessed 

Leydig cells which o f ten were charac terised by an eosinophi l ic granular 

cytoplasm (Figure 5 . 1 2 ) . Though interstit ial t issue became relatively 

less  abundant as seminiferous tub ules increased in size , the morphology 

o f  the Leydig cells , int erstit ial f ib rous connec t ive t issue and blood 

vascular t is sue remained constant . 

Neither GnRH nor testosterone treatment produced any morphological 

e f f ects  on interstit ial tissue histology . 

(6)  Epid idyma l Histology. 

( i) Cont rol Rams . At six weeks of age,  the epididymal tubules 

possessed d i s t inc t lumina (Figure 5 . 22) . The epithel ium was columnar 

and ciliated . Epithelial basal cells  were eviden t  in all sec t ions from 

animals 10 weeks and older , but only in sec t ions f rom one animal a t  

6 weeks . From 1 0  weeks , the histolo gical appearance of the epididymal 

tubule lining d id not change apart  f rom an increase in height o f  the 

epithelial l ining . At 18 weeks , despite test icular histological 

examination ind ica t ing tha t two rams were produc ing spermatozoa , no 

spermatozoa were evident in the body of  the epididymis . The epididyma l 

tubules of two rams a t  2 2  week s ,  and o f  all older animals contained 

sperma tozoa (Figure 5 . 23 ) . 

(ii)  GnRH and Tes tosteron� Treat ed Rams . The epid idymides o f  the 

GnRH treated animals were indist inguishable in s tructure f rom those of 

control animals , as wer e  those of three androgen t reated rams . The 

fourth and rogen treated ram , the ram with a prepubertal t es t icular 

h is tological appearance ;  possessed no epididymal sperma tozoa , but 

abundant basal epithelial cells were presen t  in the epi thelial  l ining . 



Figure 5 . 12 :  6 Weeks ( x4oo ) :  Solid sex cords containing 

gonocytes  ( G )  and support ing cells ( S ) . 

Interstitial tissue contains numerous Leydig cells 

( L ) , many of which possess cytoplasmic 

eos inophilic granules . 

Figure 5 . 13 :  10 Weeks ( x400 ) .  Sex cords cont�ining dividing 

prospermatogonia ( D )  and type-A spermatogonia ( S ) . 
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Figure 5 . 14 :  14 Weeks ( x400 ) . . Semini ferous tubule showing 

lumina , spermatogonia interspersed between 

support ing cells , and primary spermatocytes ( P ) . 

Fi gure 5 . 15 :  18 Weeks ( x400 ) .  Seminiferous tubules showing 

mature appearance ; Sertoli cells ( S ) , and 

dividing spermatocyt e s  ( D ) . 
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Figure 5 . 16 :  22 Weeks ( xli OO ) . Ma.ture semini f,erous tubule 

showing numerous spermatogoni a ,  primary 

spermatocytes , round spermatids ( R )  and 

spermatozoa . 

Figure 5 . 17 :  26 Weeks ( xiOOO ) . Type-A spermatogonia ( A ) , 

type-B spermatogoni a  ( B ) , Sertoli cells ( S ) , 

young primary spermatocytes ( Y ) ,  old primary 

spermatocytes ( 0 )  and Leydig cells ( L ) . 



1 3 5  



Figure 5 . 18 :  30 Weeks ( x400 ) .  Mature seminiferous tubule 

with spermatozoa ( S ) . 

Figure 5 . 19 :  32 Weeks ( xl60 ) .  Mature test i s .  Note : Leydig cells 

containing eos inophilic  cytoplasmic granules ; 

semini ferous tubule diameter similar to that of 

the adult ( Figure 5 . 20 ) . 
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Figure 5 . 20 :  Mature adult test i s  ( x160 ) .  

Figure 5 . 21 :  32 Weeks ( x400 ) . Te stosterone treated ram showing 

immature testicular histological appearance of 

sex cords , support ing cells and gonocytes . Note 

s imilarity with test i s  of a six week old ram 

( Figure 5 . 12 )  . 
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Figure 5 . 22 :  6 Weeks ( x400 ) .  Epididymal tubule showing low 

columnar epithelium .  

Figure 5 . 23 :  32 Weeks ( x4 00 ) . Epididymal tubule containing 

spermatozoa . Pseudostrat i fied  columnar epithelium 

c ontaining basal cells ( B ) . 
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4 .  DI SCUSSION 

-

( 1 ) Experimen t s  3 . 1 and 3 . 2  

( i )  Basal LH and Testosterone Levels . 

1 3 9  

(a)  Con trol Rams . Profiles of plasma LH concentra t ions in Dorset 

a nd Romney rnms during puberty were s imilar . Concentra t ions were 

h i ghest  dur ing the first  15 weeks of l if e ,  al though Romneys did show one 

maj or eleva tion of long dura t ion while Dorsets  produced a b iphasic 

eleva t ion with peaks at 5 - 8 and 13 - 14 weeks . Beyond 15 weeks , 

level s  were lower and relatively s table . Mean peak levels in Dorsets 

( 3 . 33 and 3 . 58 ng/ml ) were considerably higher than the mean peak level 

( 1 . 36 ng/ml) recorded from the Romneys . This was sugges t ive of a breed 

d i f f e re n c e  in p l a sma Lll conc en tra t ion similar to tha t reported by Carr 

and Land ( 19 75) . On the other hand Barrell ( 1 976 ) did not detect any 

difference  in levels  of this hormone b e tween adul ts  of these  breed s . 

Since the samples from lambs of  these two b re eds were collec ted in 

separa t e  experiments ,  statist ical comparison of results was not a ttempted . 

Neona tal increases in plasma LH concentrations correla ted wi th 

previous ob serva t ions of rising p ituitary LH content and concentra t ions 

in rams up to approximately 10 weeks of age ( Skinner et al . ,  1968 ; 

Courot e t  al . ,  1 9 7 5 ) . Since pituitary LH contents rema ined high 

therea f t er ,  the dec rease in plasma LH concentrations was l ikely to have 

been due to the increasing testos terone levels inhib i t ing LH release , 

as d emonstrated by  Crim and Geschwind ( 19 7 2�) to occur in ram lamb s ,  

ra ther than t o  decrea sed pituitary synthesis o r  storage of  the hormone . 

Changes in p lasma concentrations of  LH observed in this s tudy were 

similar to  those  reported by Courot et  al . ( 1 975)  to occur in Ile de 

France ram lamb s ,  regardless of the season of birth . In Grade-Targhee 

rams , LH l evels in plasma were highest at 90 days of age (Crim and Geschwind , 

19 7 2�) . Sanford ( 1974 )  no ted higher LH l evels in 2 - 3 month old rams 

than in' 6 - 7 month old or adul t rams . Exper iment 3 . 2  showed prepubertal 

and pub ertal p lasma LH levels to  be  higher than levels in adul ts 

(Experiment 1 ) , a f inding also in accord with those of  Couro t et al . 

( 1 9 7 5 ) . Lee e t  a l . ( 1 976�) observed highest levels in Merino-Corr iedale 

crossbreds at  5 weeks of age, but also observed peaks at 1 1  and 33  weeks . 

On the o ther hand , plasma testos terone levels showed a l inear 

inc reas e  from b irth to 32 weeks of age in Romneys , and similar but 
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n o t  s o  markedly increasing levels were ob served i n  Dorsets ;  concentrat ions 

in Dorsets were higher during the early phase of development but had 

dc c rc n R ed re l a t i ve l y  to on l y  hn l f  the c on c e n t r a t ion in Romn cys by 32 

Wt' t' k s  o f  n ge ·. B reed o r  mn n:1 gcme n t a l  fac tors may have con t r ibuted 

to  these differences . A s imilar pa t t ern o f  increasing testost erone 

levels also has been observed in Ile  de France ram lamb s (Courot ,  1974 ; 

Co t ta et  al . ,  1 9 7 5 )  and in Merino-Corriedale crossbreds (Lee et  a l . , 

1 9 7 6�) . Skinner e t  al . ( 1968)  reported a rise in total testicular 

conten t  of testosterone rela ted to t e s t is weight in sexually d eveloping 

Su f folk rams . Co t ta et al . ( 19 7 5 )  showed a significant correlat ion  

between LH and  t es tos terone l evels during the prepubertal phase up  to  

70 days , but thereafter , t estosterone l evels cont inued to r ise  while 

tho s e  of LH remained stable . 

(b)  GnRH and Testosterone Treated Rams . Treatment o f  rams with 

GnRH or testosterone from week 1 had no s ignificant influenc e on overal l  

mean plasma LH concentrations . However , mean LH concentra t ions in 

GnRH treated animals  were cons iderably higher during the f irst  12 weeks 

than those recorded from control animals . This may have b een a n  

ind ic a tion o f  great er synthes is and subsequent release of  LH a t  a time 

when endogenous produc tion of testosterone was low and consequent 

negat ive feedback inf luences were minimal . On the other hand , 

tes tosterone administration depressed LH levels in plasma from 2 - 6 

weeks of age , a per iod when endogenous produc tion was low .  

Exogenous t es tosterone sign i f icantly depressed plasma tes tos terone 

levels  measured 1 week after each inj ec t ion , which suggested that the 

2 . 5 · mg /Kg dose was cleared f rom the body within 1 week . Larger depots  

of t es tos terone cypionate ( 200 mg/anima l )  given to ewes (Experiment 5)  

resul t ed in measurab le quantit ies being  detec tab le in plasma for up to 

three weeks . Tha t  testos terone trea tment suppressed testosterone levels  

in the  ab sence o f  d epressed LH level s possibly was due to ac t ive 

suppression of LH levels following inj ection,  in the short-term ( less 

than 7 days) , inh ibiting long- term development of the gonada l  

s t eroidogen ic capac i ty . 

( ii) Basal Prolac tin Levels . Plasma prolac tin levels were low a t  

birth , rose s t eadily t o  a plateau from 6 to  1 6  weeks o f  age , then by 3 2  

weeks had gradua l ly declined t o  levels equivalent t o  those recorded on 

the f irst  day o f  life . Large s tandard errors which were no ted during 

period s in which mean levels rose and fell  suggested that the . frequency 
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and /or magnitude o f  pulast ile output may have been grea ter during these 

per iod s ,  or tha t d ifferences between individuals  occurred in the t iming 

of such changes in levels  of prolac t in secret ion . 

In autumn born rams , Ravault and Courot , ( 1 9 7 5 )  ob served an 

increase in plasma prolact in concentrations in three subj ec ts a t  1 - 2 

weeks , yet s ix others showed no such increase . All nine rams produced 

dramat ic but shor t-lived peaks of plasma prolac t in concentra t ions at 

between 10 and 12 weeks ; this age corresponds to that a t  which 

test icular growth accelerates as sperma togenesis is init ia ted . Courot 

( 1 9 74 )  showed tha t mean prolac t in . levels were slightly eleva ted a t  14  

days and a marked peak occurred a t  84 days of age . S ince this pa ttern 

was not observed in spring born lamb s ,  and s ince prolac t in levels  of 

adu l t  rams showed marked seasona l ,  pho toperiod-rela ted changes 

(Pe l le t ier , 1 9 7 3 ;  Barrel! ,  19 76) , it was probab le that the pa t tern of  

pro lac t in levels  during puberty in  spring born lambs was influenc ed 

mor e  by changes in pho toperiod than s tage of sexual development . The 

ear l y  eleva tion o f  levels  in spring born lambs preceded the gonadal 

growth spurt in this study . Thus the use of autumn born rams has 

c l early implica ted the involvemen t of prolac tin in the estab l ishment 

of puber ty . 

Barrell ( 19 76) ob served that seasonal fluc tuations in plasma 

prolact in levels preceded similar but success ively later changes in 

pla sma LH and testosterone level s and in seminal fruc tose levels . 

Pho toper iod .induc tion of changes in prolactin con tent of plasma may 

augment the a c t ivity of LH in stimula t ing testosterone output (as 

suggested by Bartke ( 1 9 7 1a ,�) and Haf iez et al . ( 19 7 2) ) , thus enhancing 

the onset of sperma togenes is . The observa tion by Skinner and Rowson 

( 1 96 8) tha t reproduc tive development was more advanced in spring 

ra ther than autumn born rams may have been related to such an effect 

occurring due to greater rates of secret ion of prolact in during the 

spring and summer period s .  

Though no direc t rela tionships were . found between prolac t in and 

LH or testos t erone levels in this study or tha t of Couro t ( 1974 ) , the 

po t en t ial  rol e  of prolac t in during puberty in the ram cannot be 

d iscounted . Studies · using speci f ic prolac tin inhib i t ing factors 

( e . g .  Bromergocryptine) or  constant pho toperiods would advance the 

understanding of the rol e  of prolac t in during puberty . 
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( iii)  Sampling Induced Eleva t ion of  Hormone Levels .  Chi-square 

test s confirmed that a significantly disproport iona te number of rams 

had their highe st  levels o f  LH and prolac tin in the f irst samples 

collec ted ( 74 %  and 39% respec t ively) . I t  is generally accepted that 

prola c t in level s  in sheep can be eleva ted by "stressful" proc edures 

(Davis , 19 72) , but it has no t previously been shown tha t handl ing and 

venepunc ture can inf luenc e the output of LH in rams . Da ta f rom 

Exper imen t 4 . 1  also support ed the concept tha t b lood sampl ing eleva ted 

p la sma concen tra t ions of LH , part icularly in younger animals . This 

conc lus ion is in direc t conf l ic t  with tha t of Roche et al . ( 1 9 70 )  who 

claimed that b lood sampl ing me thod d id not influence plasma levels 

of  LH in sheep . The fac t that physical procedures may influence LH 

levels should be borne in mind when planning future studies . 

Recen t l y ,  Sitarz et al . ( 1 9 7 7 )  reported tha t handl ing and sampl ing 

procedures induced LH elevations in young bull s ,  and they suggested that 

anima l s  ac cus tomed to handl ing and sampling may no t show this 

phenomenon . These authors were unabl e  to show any elevat ion of  prolac t in 

levels following venepunc t ure sample collec t ion in the bovine . 

( 2 ) Exper iment 3 . 3 :  LH and Tes tos terone Output in Response  to 

GnRH Administra t ion . 

The linear decrease in total LH output in response to GnRH 

administra t ion corresponded with the l inear decrease in basal LH levels . 

As r eported b y  Galloway and Pelle tier ( 1 974)  for I l e  de France ram lambs 

there was a p rogressive delay in the t iming of the LH peak as  the lambs 

increased in age up to 32 weeks . In  wethers , testosterone has been shown 

to d elay the timing of peak· LH concentrations in response to GnRH 

s timulat ion ( Pelletier , 1 9 7 6 )  and also to depress peak levels . I t  is 

l ikely that the decreased and delayed response was induc ed by the 

generally increasing plasma cont en t  of t es tosterone . 

Contrary to the findings in thi s  study , Galloway and Pell etier 

( 19 7 4 )  ob served an increa s e ,  from 1 to 20 weeks , in the total p ituitary 

LH output in response to GnRH s timulation . Thes e  author s  showed 

s ignificantly increased LH output in one group f rom 7 to 4 0  days and in 

the second grou p ,  from 20 to 60 days . Using a mor e  appropria te tes t ,  

an analysi s  o f  variance o f  data presented , based on the model used in 

this thesi s ,  a significant l inear increase in LH output with age (P < 0 . 0 0 1 )  

was shown . 
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The d if ferent age pa tterns of LH response to GnRH observed in 

this s tudy and by Galloway and Pelletier ( 1 974 )  were likely to have 

b een due to different doses of GnRH used ; this s tudy employed a 

dose ra te o f  1 lJ g/Kg but Galloway and Pel l e t ier used 4 lJ g/Kg . Higher 

doses of GnRH produc ed a b iphasic release of  LH (Experiment 2 . 1 ) ;  a 

pa t t ern also illus tra t ed in older lambs by Galloway and Pelletier 

( 1 9 7 4 ) , but no t evident in their younger rams . Ideally , such experiments 

should employ wide ranges of doses of GnRH to determine both the 

"sensi t ivity" and the " capacity" of the pituitary at d ifferent ages . 

Intra-arterial infusion of  GnRH to ram lambs  also resul ted in 

marked eleva t ions in plasma LH and testosterone concentra t ions (Lee 

et a l . ,  1 9 7 6£) . Though the data presented by Lee et al . was difficul t 

to interpret  and doses var ied , these authors claimed that the highes t 

LH levels were achieved a t  3 - 4 months , even though inspect ion of  their 

results suggested that the maximal response was a t  day 1 .  

Tes tosterone output following GnRH induced LH eleva t ions 

inc reased with age , from 6 to 32 weeks , as did basal tes tost erone 

levels . This increased androgen output was in accord with reports o f  

increased numbers of  Leyd ig cells ob served ( Sapsford , 1 9 6 2 )  and an 

increased gonadal t es to s terone content dur ing puberty ( Skinner and 

Rowson , 1968 ) . 

( 3 )  Test icular and Endocrine Parame ters . 

The onset of spermatogenesis in the anima l s  used in Experiment 

3 . 2  closely followed the pat t erns descr ibed by o thers (e . g .  Couro t ,  

1962 ; Sapsford , 1 96 2 ;  S teffer t ,  1 97 1 ) .  Pr imary spermatocytes appeared 

a t  approxima tely 70 days and sperma togenesis was establ i shed in all  

animals by 2 2  weeks , when body weights were between 2 7  and 33  Kg . 

Drymundsson ( 1973)  noted that there were great differences in body 

weigha a t  the attainment of puberty in different breeds . I t  was 

ob served in this study that there were close relationships between 

body weights ,  tes t is weights and the appearance of spermatozoa in 

histological sec tions and in epididymides . 

The growth pattern of ram tes tes has b een wel l  documented 

( Skinner et al . ,  1968 ; S teffer t , 19 7 1 ;  Drymundsson , 1 9 7 3 ) . Ihe 

quadratic  component o f  the tes t icular growth curve ind icated 

accel era ted testicula r growth during puber ty ;  at this s tage 

testicular growth was propor t iona t ely more rapid than· body weight 

increases . The tubular component o f  the testes  increased from 50.% 
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to 80% o f  the test icular volume during puberty ( Drymundsson , 1 9 73) , 

this increase being caused by increased tubular length and diameter . 

Covarianc e analysis in the present study confirmed relat ively greater 

tubti lar growth . Tubular d iame ters corresponded c losely wi th data 

recorded from Suffolk rams by  Skinner et al . ( 1 968) . Though testis 

growth has b een cons idered to b e  responsib l e  for rising tes tosterone 

conc entra t ions in plasma and consequently the s ignificant relat ionship 

be tween t e s t is we igh t and t e s t o s t erone output in response to GnRH 

administra t ion , it has been suggest ed that testis  growth itself is 

part ly dependent o n  testicular t es tosterone secretion (Courot ,  1967) . 

Epididymal weights fol lowed testis weight s  closely, as observed 

by Wa tson et al . ( 1 956)  and Skinner et al . ( 1968) , and also were 

correlated with the testosterone output in response to GnRH 

administra t ion . From 1 8  weeks o f  age ,  epididymal sperma tozoal reserves 

increased in proport ion with inc reasing tes t ic ular weights and by 32  

weeks had reached values correspond ing closely to those recorded 

previously from adult Romney rams (Barrel! ,  19 76) . The relat ionship 

between tes tis weight and sperma tozoal produc t ion is well  established 

(Drymundsson , 1 9 7 3) . 

While weekly GnRH treatment had no s igni ficant effec t  on any o f  

the parame ters measured , t estosterone treatment did depress many o f  

these parameters (Table 5 . 8 ) . Courot ( 196 7)  presented evidenc e 

H I I )', ) ', ' ' H I I • w. t hn t  1 .1 1 , FS I I  n n cl t P n t- o H t f' r o n t! wt • rp n 1 1 t 'R H<· n t l l l l  f o r  l h f' 
i n l t i o t io n  o f  s pe r mo t o ge n e � i s , though it wa s known t h a t t e s t o s t e r o n e  

alone could ma intain sperma togenes is in mature hypophysec tomised 

animals  ( S teinberger , 19 7 1 ) . It is poss ib le that the exogenous 

testosterone suppressed FSH secret ion in the short term, as discussed 

earl ier in relation to basal LH l evels (p 1 40 ) ,  and that this weekly 

suppress ion delayed the development of the germinal epithelium and 

hence depressed testis  weights , epididymal we ights ,  seminiferous and 

epididymal tubule d iameters and epididymal spermatozoal reserves . 

A d epression of FSH output may also have inhib ited Leyd ig cell receptor 

forma t ion (Odell and Swerd loff , 1 9 16 )  and therefore lowered endogenous 

tes tos t erone output . However , th� role of t estosterone in suppressing 

FSH out put  in sheep is still  uncl ear (Pellet ier et al . ,  1 9 7 7 ) . An 

extreme resul t was recorded from one ram in which t e s t icular 

development was to tally  inhib i ted by weekly exogenous testosterone . 

In this animal LH and t es tosterone levels  always wer e  low, and responses 

to GnRH were exceptionally low . 
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S inc e GnRH disappeared from plasma of lambs very rapidly ( Couro t 

et a l . ,  19 75) , i t  was unl ikely tha t weekly inj ections could have had 

long term effec ts on either hormone levels  or on physiological 

development . The brevity o f  overall effec t would have been compounded 

by the short half-lives of both LH and testosterone . However , 

Schanbacher and Luns tra ( 1 9 7 7) rec ently demons trated improved mat ing 

activity and significant ly greater tes tis weights and sperma tozoal 

mo t i l i t y  in adu l t  rams g iven twic e-da ily  inj ec t ions o f  GnRH dur ing t he 

non-breeding season . In the future, longer ac t ing implants  or depot 

forms of  GnRH may prove useful tools in experiments on advanc ing the 

ma tura t ion of the reproduc t ive sys tem . 
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CHAPTER VI 

LUTEINIZING HORMONE ,  TESTOSTERONE AND PROLACTIN SECRETION PROFILES ,  

AND RESPONSES TO REPEATED GnRH INJECTIONS , IN PREPUBERTAL , PUBERTAL 

AND EARLY POSTPUBERTAL RAMS 

1 .  INTRODUCTION 

The patterns of LH , tes tosterone and prolact in secret ion , and 

pituitary responses to GnRH inj ec tion thrbughout s exual matura tion in 

Romney rams , have been described in Chapter 5 .  However , lit tle has been 

reported on the short  term secretion pro f iles of these hormones prior 

to and during pub er ty , or on the capacity of  the pituitary gland of 

young rams to respond to repeated doses of  GnRH . 
I 

In the experiments described in this chapter Romney ram lambs 

were utilized in an investigation o f  short term hormone output patterns , 

and o f  responses to repeated administra t ion of GnRH , a t  selected phases 

( prepuberta l ,  pubertal and early pos tpubertal)  of sexual development , 

as an aid to eluc idat ion of  the maturat ional changes occurring in the 

hypothalamo-pituitary-gonadal axis . 

2 . MATERIALS AND METHODS 

( 1 ) Animals . 

1 6  rams lambs were ident ified at birth and divided into two groups : 

8 born in the f irst  week of  lambing were allocated to Experiment 4 . 1 , 

and 8 born in the second week to Experiment 4 . 2 .  This selection method 

obvia ted practical difficult ie s  associated with sampling mixed-age 

groups . These experiments were carried out in September and November 

of 1 9 7 5  and January of 1 9 7 6 . 

( 2) Experiment 4 . 1  : LH, Tes tosterone and Prolac tin S ecretion 

Pro f iles . 

Blood samples were collected each twenty min for 8 h on each of 

the 6th , 14th and 22nd weeks of  l ife . Sampling commenced a t  09 . 00 h 

on each occasion . All plasma samples wer e  assayed for LH and pro lact in 

in individual a ssays , while for testosterone estimat ions all samples 

from individual animals were measured in the same assay . 
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( 3)  Experiment 4 .  2 : LH and Testosterone Responses of Young Rams 

to Repeated Administra t ion of GnRH . 

The second group o f  8 ram lamb s was subj ec ted to four repeated 

inj ect ions of GnRH at ages 6 ,  14 and 22 weeks . Blood samples were 

collec ted 20 min and innned iately pr ior to the firs t  GnRH inj ec t ion,  

then a t  further 2 0  min intervals . Jugular intravenous inj ec tions of  

GnRH at  a dose ra te of 1 �g/Kg (const ituted in  0 . 9% saline a t  10 �g/ml 

immediately prior to inj ection) were g iven at hourly intervals  immed iately 

af ter collection of the b lood sample scheduled for tha t time . Following 

the fourth GnRH inj ec tion , blood samples were collected 2 0 ,  40 , 6 0 ,  90 

and 1 5 0  min later . All plasma samples were assayed for LH in a s ingle 

assay , while for testosterone es timat ions all samples from individual 

anima l s  were measured in the same assay . 

(4)  Da ta Analysis 

(i) Exper iment 4 . 1 .  Cumula tive regression coeffic ient s  were 

calculated for individual LH , testosterone and prolactin prof iles a t  each 

age . Because hormone levels tended to be higher in the first samples 

coll ec ted , sugges ting a sampl ing- induced elevation , ·r egression 

coeff icient s  were calculated firstly for cumulative regressions when 

a l l  s amples wer e  included (complete profiles ) , and second ly when the 

first  three samples from each profile were discarded (reduced profiles) . 

Pa ired t tes ts were then performed on differences between the complete 

and r educed profile  cumulative regression coeffic ients for each hormone 

to determine the influence of the higher level s  recorded in the first 

samples collec ted . The appropriate regression coeff icient s ( see p 159)  

were subj ec ted to analyses of  var iance and age effects  determined by 

use o f  standard orthogonal coefficients . 

An analysis of  regression was performed to examine the degree 

to which the quantity of testosterone released episodically  at each 

age s tudied was determined by the height of the preced ing ( causative) 

LH peaks ; LH and testosterone peaks have been defined in Chapter 3 

( p  6 4  ) .  To examine differences in peak levels  of LH and testosterone 

peaks ob served from the three sampl ing periods , analysis of var iance 

o f  peak level s  was performed and age effects partitioned using standard 

orthogonal coe f ficient s . 

(ii)  Exper iment 4 . 2 .  Total LH and testosterone responses were 

calcula ted as described in Chapter 2 ( p  60 ) .  The pre-inj ect ion 
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hormone level used was the mean of the two pre-inj ection levels . Analyses 

of var iance of pre-inj ec t ion and to tal hormone responses was performed 

and age effec ts partitioned us ing standard orthogonal coefficients . 

An analysis of var iance  of regres sion coeffic ients of  total 

tes tosterone response on to tal LH response was performed to determine 

the degree to which t estos terone output was determ ined by the quantity 

of  LH released following GnRH inj ec t ion . 

3 .  RESULTS 

( 1 )  Experiment 4 . 1  

See Tables 6 . 1  and 6 . 2 ,  and Figures 6 . 1  - 6 . 8 .  

Generally LH level s  were low ( 0 . 05 - 0 . 50 ng/ml) a t  each of  the 

three ages studied , but secretory pulses were observed . At each age , 

some animals produced no pulses of LH while others exhibi ted up to three 

spontaneous peaks during the 8 hour sampling period . 

Plasma tes tos terone levels fluc tuated but generally were low 

(0 . 05 - 0 . 50 ng/ml) . At 14 and 22 weeks , testosterone concentrat ions 

rose subsequent to each LH spike ( Table 6 . 1 ) ,  but at 6 weeks , only s ix 

of the 1 1  LH peaks were followed by not iceable androgen secretory 

responses . 

Plasma prolac t in concentra t ions fluc tuated more markedly than 

did LH or testosterone levels , and generally were higher in the f irst  

samples coll ec ted a t  each sampling period than in sub sequent sample s . 

Prolac tin secretion pat terns were s imilar a t  each sampling period . 

Analyses of  variance of LH and testosterone peak · levels (Table  

6 . 1 ) showed LH peak l evels at each age to be s imilar , while peak 

tes tosterone levels showed a significant l inear increase with age 

(P < 0 . 00 1 ) . 

The regression o f  testosterone peak levels on LH peak level s  

a t  6 weeks of age was not signif icant , b u t  a t  bo th 14 and 2 2  weeks 
2 '2 this regression was significant ( r  = 0 . 48 and r = 0 . 3 1 ,  P <  0 . 05 ,  

respec tively) , indicat ing that the quantitative rela tionship between 
' 

LH and testosterone peak.s was no t evident in pre·pubertal rams . 

At 6 weeks of  age, it was ob served that seven of  the eight 

animals sampled d isplayed LH elevat ions in the f irst three samples , 

an occurrence observed also in four animal s  a t  1 4  and 2 2  weeks . 



TABLE 6 . 1 

Total numbers of LH and subsequent testosterone peaks , ranges of peak LH , testosterone and prolact in levels observed 

during each 8 h�ur sampling period , and a summary of anlyses of variance of LH and te stosterone dat a .  

Age (weeks ) IJI I Testosterone Prolactin 

Total Number Range of Peak Total Number Range of Peak R ange of Levels 
of Peaks Levels  ( ng/ml ) of Peaks Levels ( ng/ml ) 

6 11 1 . 49 - 8 . 92 6. 0 . 05 - 1 . 24 5 . 0  - 94 . 7  

14 7 0 . 55 - 5 . 44 7 0 . 36 - 2 . 10 13 . 2  - 129 . 3 

22 11 0 . 59 - 6 . 46 11 0 . 60 - 4 . 39 11 . 4  - 130 . 3 

Source of variation d .  f .  Variance Rat ios 

AGE 
LH Peak Testosterone Peak 

linear 1 0 . 24 .  18 . 96*** 

quadratic 1 0 . 30 1 . 62 

Re.sidual mean square 26 0 . 10 0 . 13 .... .e. ID 
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Figure 6 . 1 :  Ram 103 . Eight hour LH , testos terone and prolac tin 

secretion pro files at  6 ,  14  and 22· weeks of age . 
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Figure 6 . 2 :  Ram 105 . Eight hour LH , testosterone and prolactin 

secretion profiles at 6 ,  1 4  and 22 weeks o f  age . 
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Figure 6 . 3 : Ram 106 . Eight hour LH , testos terone and prolactin 

secre tion profiles a t  6 ,  14 and 22 weeks of age . 
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Figure 6 . 5 :  Ram 108 . Eight hour LH , testosterone and prolactin 

secret ion profiles at 6 ,  14 and 2 2  weeks of age . 
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FigurP. 6 . 6 :  Ram 109 . Eight hour LH , testosterone and prolac tin 

secre t ion profiles at 6 ,  14 ahd 22 weeks of age . 
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Figure 6 . 7 :  Ram 1 10 .  Eight hour LH , testos terone and prolactin 

secretion pro'files at 6 ,  1 4  and 22 weeks of age . 
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Age 

6 

14 

22 

Source of variat ion 

AGE 

linear 

quadratic 

Residual mean square 

TABLE 6 . 2  

Mean cumulat ive regress ion coeffic ients for 8-hour secret ion profiles 

and a summary of analyses of variance of this data . 

LH Testosterone 

Linear Quadratic  Cubi§ Linear Quadrati c  Cubi§ Linear 
CX:1o )  ( xlO ) ( xlO ) ( xlO ) 

0 . 0729 -0 . 0365 0 . 0707 0 . 0590 -0 . 0116 0 . 0242 0 . 0959 

0 . 0424 -0 . 0160 0 . 0295 0 . 0591 -0 . 0303 0 . 0622 0 . 0963 

0 . 0228 -0 . 0024 -0 . 0205 0 . 0470 -0 . 0206 0 . 0705 0 . 1022 

d .  f .  Variance Rat ios 

1 17 . 92*** 17 . 73*** 17 . 90*** 0 . 17 0 . 00 10 . 73** 0 . 00 

1 0 . 14 0 . 15 0 . 05 0 . 05 0 . 33 1 . 47 0 . 21 

21 0 . 00056 0 . 00034 0 . 00186 0 . 00236 0 . 00034 0 . 00080 0 . 00005 

++ Coefficient s c alculated using reduced profile dat a .  

Pr . ++ 
olactln 

Quadrat ic 
( xlO ) 

-0 . 0401 

-0 . 0394 

-0 . 404 

0 . 00 

0 . 00 

0 . 00002 

Cubic 
( xl03 ) 

0 . 0695 

0 . 0676 

0 . 0654 

0 . 64 

0 . 00 

0 . 00010 

..... U1 
(X) 
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Other peaks occurred randomly throughout the sampl ing · period . Paired 

t tes t s  compar ing cumula t ive regression coefficient s  of complete and 

reduced sec retion prof iles showed that the high levels noted in early 

plasma samples had no signif icant effec ts on LH or testosterone 

cumulative regression coeff ic ients . Consequently regression 

coe f f ic ients derived from complete prof iles of these two hormones were 

utilized for the analyses o f  variance . Conversely , the high level s  of 

prolac t in in early samples signif icantly a l tered cumulative regression 

coeff ic ients for this hormone , thus cumula t ive regress ion coef f ic ients 

derived from reduced prolac t in pro f iles were used in the analysis of 

var iance .(Table  6 .  2 ) . 

Cumulat ive regression coefficients derived from complete LH 

and testosterone profiles were essen t ially linear , indicating a 

rela t ively uniform secretion of  both hormones throughout each 8 hour 

sampling period . 

Analyses of variance of cumulat ive regress ion coeffic ients 

(Table 6 . 2 )  showed major changes in LH secretion profiles : l inear , 

quadra t ic and c ub ic component s  decreased signif icantly with age 

(P < 0 . 00 1 )  indica t ing a d iminished LH output ( linear componen t ) , and 

less var iability of LH levels ( quadrat ic and cub ic components)  as  

anima ls progressed toward sexual matur ity . The cub ic component o f  

tes tos terone output increased (�  < 0 . 00 1 )  indicating greater var iation 

in plasma levels with age . No s igni f icant changes in prolac tin 

secretion pro f iles were ob served . 

( 2 )  Experiment 4 . 2  • 

See Table 6 . �  and Figures 6 . 9 - 6 . 1 6 .  

The f irst inj ec t ion of GnRH was followed b y  an increase o f  LH 

concentrat ions similar to those observed earlier in lamb s of 

correspond ing ages (Experiment 3 . 3 . ) . Each successive GnRH inj ect ion 

resul ted in increases in p lasma LH level s  to above those at the time 

of inj ection . At 6 weeks o f  age ,  peak LH levels following each GnRH 

inj ection generally occurred with in 2 0  min , but delays of  up to 60 min 

were recorded following GnRH t reatment a t  14 and 22 weeks . 

At 6 weeks of age the highest peak of LH occurred following the 

f irst  or second GnRH inj ec tion , but " a t  the later ages , highes t  LH levels 

usually occurred after the third inj ect ion . At 22  weeks the fourth 



TABLE 6 . 3  

Mean pre-inj ect ion hormone levels ( ng/ml ) and mean total LH and te stosterone responses to 

repeated GnRH injections and a summary of analyses of variance of this data . 

LH Testosterone 
-

Age (weeks ) Pre-inj ect ion Total Pre-inj ect ion Total 

6 0 . 72 35 . 88 0 . 37 20 . 80 

14 0 . 15 38 . 14 0 . 34 24 . 63 

22 0 . 14 36 . 26 0 . 31 2 5 . 91 

Source of  variat ion d. f .  Variance Ratios 

AGE 

linear 1 8 . 46** 0 . 19 0 . 26 5 . 00* 

quadrat ic 1 2 . 46 17 . 94*** 0 . 00 0 . 41 

Residual mean square 21 0 . 06 2 . 86 0 . 06 � 1-' 0\ 
0 
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Figure 6 . 10 :  Ram 1 1 3 .  LH and testos terone responses fol lowing four 

hour ly inj ect ions of GnRH (represented by arrows) at 6 ,  

14 and 2 2  weeks of age , 
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Figure 6 . 1 1 :  Ram 1 14 .  LH and testost:erone responses following four 

hourly inj ect ions of GnRH (represented by arrows) at 6 ,  

14 and 2 2  weeks o f  age � 
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Figure 6 . 12 :  Ram 1 1 5 .  LH and testosterone responses following four 
hourly inj ec t ions of GnRH ( represented by arrows) at 6 ,  

1 4  and 2 2  weeks of age . 
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Figure 6 . 1 3 :  Ram 1 16 .  LH and testos terone responses following four 

hourly inj ec tions of GnRH ( represented by arrows) at 6 ,  

1 4  and 2 2  weeks o f  age . • 
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Figure 6 . 15 :  Ram 1 18 .  LH and testosterone responses following four 

hourly inj ec t ions of GnRH ( represented by arrows ) at 6 ,  

. 1 4  and 2 2  weeks of agf; . 
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Figure 6 . 16 :  Ram 120 . LH and testos terone responses following four 

hourly inj ec t ions of GnRH ( represented by arrows) at 6 ,  

14 and 22 weeks of ag� . 
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induced LH peak was invar iably higher than the f irst peak, a situa t ion 

oppos ite to tha t at s ix weeks of  age . 

Plasma testos terone levels also rose subsequent to the initial 

LH eleva t ion . At each age , maximal testosterone levels occurred 

fol lowing the second or third LH elevation , al though testosterone levels 

did not increase in response to ind ividual GnRH inj ections as  did LH 

levels . LH levels at each age , and t es tos terone levels a t  6 weeks , 

generally had returned to pre-inj ec t ion levels 2 . 5  h after the f inal 

GnRH inj ect ion , but testosterone concentrat ions at 14 and 22 weeks 

mos tly remained eleva ted 2 . 5  h after the last inj ection . 

Analyses of variance of pre-inj ection and to tal hormone responses 

to GnRH inj ections (Tab le 6 . 3) showed that while pre-inj ec t ion levels· 

of  testosterone d id not a l ter s ignif icantly , pre-inj ec tion LH levels  

decreased l inearly from 6 to 2 2  weeks (P  < 0 . 0 1 ) . The total LH response 

was highest a t  14 weeks of  age (P < 0 . 00 1 )  and the total testosterone 

response increased l inearly  from 6 to 22 weeks (P < 0 . 05) . 

Analysis of variance of regression coeff ic ients of  tota l  

testos terone responses on total LH responses was s ignif icant ( P  < 0 . 00 1 )  

ind ica ting a c lose rela t ionship between the quantity o f  LH released and 

the subsequent release o f  testosterone . 

4 .  DISCUSS ION 

From the observa t ions of testicular development discussed in 

Chapter 5 ,  i t  was c lear tha t a t  6 weeks all animal s  would have been 

prepubertal , those at 14 weeks would have b een approximately mid-way 

through pubertal tes t icular developmen t ,  and those at 2 2  weeks should 

have possessed sperma to zoa in their seminiferous tubules and hence 

represented an early pos t-pubertal  stage . 

The existence of  c ircad ian rhythms of  LH , t estosterone and 

prolac tin output were not examined in this s tudy , but were not observed 

in adult rams ( Experiment 1 ) . However , because work with pubertal 

male human sub j ec ts (Weitzman et a l . ,  1975)  has shown that plasma 

concentrat ions of LH varied in a c ircadian rhythm , an attempt was made 

to minimize possible effec ts of daily variations in hormone levels by 

commenc ing sampl ing rout ines at the same t ime a t  each sampl ing period . 

To da te there appears to have been no repo r t s  in the litera ture of  

c ircad ian rhythms of LH , testos terone or prolac t in plasma concentrations 

in pubertal rams , but M . W .  Fisher ( pers. COmmV observed no c ircadian 
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rhythm o f  LH o r  prolac tin . levels in 1 0 0  day old rams o r  wethers . 

Few o ther authors have examined the LH and testosterone 

secretion pat terns in ram lambs closely ,  and no reports of short term 

prolac tin secre t ion prof iles in ram lambs have appeared in the 

litera ture . Sanford ( 1 9 7 4 )  s tud ied e ight ram lambs of three different 

breeds (Finnish Landrace ,  Suffolk and Line-M) aged between 2 and 7 

months . Each ram was sampled a t
.
20  min intervals for eight hours then 

LH and testos terone levels compared with those of yearling and adult 

rams . The younger rams had significantly  lower mean plasma 

testosterone levels than y earlings or adults and s ignif icantly higher 

pla sma LH levels than adul ts . While results in this chapter generally 

agreed with the conclus ions of Sanford ( 1 974) , the ages of  his "young" 

rams ranged from 8 to 30 weeks and he made no attempt to dist inguish 

changes in secret ion pat terns which may have occurred during this 

period . Other factors which limit the value of Sanford ' s  data were 

the mixture of breeds utiliz ed and the fact that samples were collec ted 

from all animals on the same day . This latter point indicated that 

the. rams had widely varying birth dates so that i t  was not possible to 

distinguish age and seasonal influences on hormone level s . 

In a second investigat ion Sanford ( 1974)  followed an ident ical 

sampl ing procedure on eight rams aged be tween 74 and 92 days . Five 

lambs showed 1 - 3 episod ic LH peaks of up to 1 2  ng/ml , which were 

followed with in 60 min by well defined t estosterone peaks , while 

three rams showed no LH fluc tuat ions . These results were in accord 

with those ob tained in Experiment 4 . 1  f rom 14 week and older rams . 

Sanford concl uded : " • . • .  s ecretory patterns of LH and testosterone in 

prepubertal · rams were strikingly similar to adul ts • • • •  " . However , 

results from the present study conflict  with this statemen t ,  since 

lambs at 6 weeks of age ( prepubertal) d id not show the quantitative 

or qualitative relationships between these two hormones which were 

observed in pub ertal and adult rams . A probable explanat ion for this 

apparent d ispari ty between resul ts of the present , and the Canadian 

experiments i s  that Sanford appeared to make an error of  j udgement as  

to what cons t i t utes a prepubertal lamb ; data o f  Skinner and Rowson 

( 1968)  would support the v iew that 9 - 1 3  week old Suffolk rams were 

in fact pubertal rather than prepubertal . 

In an experiment using Mer ino-Corriedale crossbred rams , late 

maturing animals ,  Lee et al . ( 19 76a) reported that even though LH level s  
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d id d isplay pulsa t ile f l uc tua tions , there was no correla t ion be tween 

LH and testosterone level s  in pubertal subj ects ( 10 - � 2  months of age) . 

Pubertal boars have been shown to exhibit pulsat ile release of  LH and 

subsequent tes tosterone eleva � ions in frequen t samples collec ted over 

24 hours ( Flor Cruz , 19 7 7 ) ; s imilar pat terns were recorded in adult 

boars , but prepubertal boars were not studied . 

Prola c t in levels showed wide varia tions a t  each age , but no 

d i f ferences in prolac tin output were detected between the 6th , 1 4th 

and 22nd week of life . These observa t ions were consistent with the 

pa tterns of basal prolac tin levels described in Experiment 3 . 2 ;  levels 

were high by 6 weeks of  age , and did not being to fall unt il after 

22  weeks . 

Though short term LH secretion patterns resembled those of adult 

rams (Experiment 1 ) , maj or changes in the interrelat ionships between 

LH and testost erone secretion patterns during puberty have been shown 

in Experiment 4 . 1 .  Despite  the ab sence of detectable changes in LH 

output , testosterone output increased from 6 to 2 2  weeks . This 

increase was manifes t in two ways : firstly, the episodic peaks of  

LH a t  1 4  and 2 2  weeks (and in adul t s  in  Experiment 1 )  all  were 

succeeded by testosterone peaks , yet at 6 weeks only six of eleven 

LH peaks wer e  followed by testosterone peaks ; and secondly , the 

nature of  this change was depicted by the es tab l ishment of  signif icant 

quant itia t ive relationships between LH and sub sequent testosterone peaks 

at 14 and 2 2  weeks (and in adul ts in Experimen t 1 ) , yet no significant 

quantitative relationship existed between the LH and following 

testosterone peaks at 6 weeks of age . It  may be suggested tha t the 

stab ilization of this relationship is an impor tant factor in the 

matura tion o f  the testes . 

Data f rom Experiment 4 . 1  suppor t ed the concept discussed in 

Chapter 5 ,  that handling and sampling procedures influenced the output 

of prolac tin and LH . Deletion of the f irst  three samples s ignificant ly 

decreased coeff icients of  c umula t ive regressions of  prolac t in secretion 

prof ile data . Therefore it was cons idered appropriate to delete these 

samples from prolac tin data for statistical analysis ; a s imilar 

approach was adopted by Barrell ( 1976)  following venepuncture blood 

collec t ion f rom adult rams . S tress induction of prolact in output has 

been reviewed in Chapt er 1 (p  1 2 ) . 
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Us ing paired � tests , the differences between coeffic ients o f  

cumula tive regressions of  complete and reduced LH secretion prof ile 

d a t a  were shown to be non-signif icant . Probably this was because 

only half  of the LH secret ion profiles displayed eleva ted LH level s 

in the f irst  three samples . Apart  from visual assessment of  a 

sampling-induced LH elevat ion , comb ined evidence from Experiments 4 . 1  

and 4 . 2  also suggested a sampling-induced eleva tion of LH levels : 

in Experiment 4 . 1 , in which 25 samples from each animal were included in 

an analysis of var iance , no s ignificant differences in LH levels were 

detec ted be tween 6 ,  14 and 22 week old rams , but in Experiment 4 . 2 ,  

when means of only two samples ( pre-inj ec t ion samples represent ing 

basal LH concentra tions) were incl uded in an analysis of variance , a 

significant linear decrease in LH level was ob served from 6 to 2 2  

weeks of  age.  Therefore i t  could b e  suggested tha t the use o f  large 

numbers of  samples for analysis tended to dampen the ef fect of sampl ing­

induced LH elevations . The lower inc idence of apparent induced 

elevat ions of plasma LH concentra t ion s at 14 and 22 weeks may have 

indicated an adaptation to sampling and handling procedures as 

suggested by Sitarz et al . ( 19 7 7) . These authors reported a similar 

sampl ing-induced LH release in yearling bulls and provided substan t ia l  

sta t is t ical evidence to support their claim .. 

Total pituitary LH output following repeated GnRH inj ect ions was 

highest during the puber tal sampl ing , at  1 4  weeks of age . This resul t 

was consistent with the findings of  Skinner et  al . ( 1968)  and Courot 

et al  ( 19 7 5 )  who recorded increasing pituitary LH content up to 

approxima tely 70 - 1 00 days of age . The lower LH response at 6 weeks 

may have been a manifestat ion of a limited pituitary LH content , while  

tha t  a t  2 2  weeks was likely to  have resulted from the inhibitory 

effec t s  of  the higher plasma l evels of t estosterone ( see Chapter 5 ) . 

The greatest output o f  LH , a t  14  weeks , may have been due to a 

comb inat ion of the a ttainment of  peak pituitary stores of  LH and ' 

possible  sub-maximal testosterone feedback influences , since plasma 

concentrations of this steroid were lower a t  14 weeks than a t  22 weeks . 

The delayed LH response to GnRH as  age increased from 6 to 2 2  week s ,  

was consistent with the patterns recorded following s ingle inj ections 

of GnRH described in Experiment 3 . 3 , and those published by Gal loway 

and Pellet ier ( 19 74 ) . Courot et al . ( 1 9 7 5 )  reported that the hal f  

l ife o f  L H  i n  plasma of  young rams was s imilar t o  that in adul ts 
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( see Chapter 1 ) , therefore the fac tor mos t  likely to have contributed 

to these delayed responses mus t have been the rising basal testosterone 

levels such as recorded in Experiments 4 . 1  and 3 . 2 . 

In response to repeated GnRH inj ec tions testosterone output was 

seen to increase from 6 to 22  weeks , which was consistent with 

observa tions following s ingle inj ec t ions as described . in Experiment 

3 . 3 .  

Intracaro tid infus ions of GnRH raised plasma LH and testosterone 

levels of rams aged from b irth to seven months (Lee et al . ,  1 976�) 

and are discussed in Chapter 5 .  Though Lee e t  a l . ( 1 9 76�) suggested 

that the pituitary sensit ivity to GnRH increased between 6 and 8 

weeks and tha t this marked the initiation of the pubertal process , 

i t  was difficul t to ascertain from their data the precise nature of  

changes in  the ' pituitary-gonadal axis �o which they may have been 

alluding . 
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STUDIES ON PRENATALLY ANDROGENIZED SHEEP 

1 .  INTRODUCTION 
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Differentia t ion of the neuroendocrine and anatomical components 

of the reproduc t ive system is largely dependent on the presence or 

absence of  testos terone . The early ob serva t ions providing the basis for 

current concepts of  sexual differentiation are outlined in a widely 

quoted review by Harris ( 1 964) . Although that review reported some 

ob servat ions from the cat and rabb it ,  mos t c urrent knowledge of sexual 

differentia t ion has been derived from stud ie� using the rat . At present 

little is known about sexual d if f erentia t ion in domestic animals . 

This s tudy was des igned to invest igate aspects o f  prenatal 

androgenization of sheep and in part icular , hypothalamo-pituitary­

gonadal funct ion of androgenized offspring during puberty.  

2 .  MATERIALS AND METHODS 

( 1 )  Animals . 

Sixty adult New Zealand Romney ewes were  mated during late March 

and Apr il 1974 . Husbandry practices are described in Chapter 2 .  Ewes 

were checked for s ervice twice daily by ob servation o f  crayon marks from 

ram ma t ing harnesses , and ma t ing da tes were  recorded . Lambing took 

place in a shelt er ed f ield and par t icular care was taken to ensure that 

lambs were identif ied with their dams as soon as possible  after b irth , 

to minimize the danger of cross-fostering between treated and control 

ewes . 

Lamb s were weighed and examined a t  b irth for the anatomical 

masculiniz ing S¥ndrome previous ly described by Tart te l in ( 19 75 ) . Lambs 

were weighed weekly for 5 months . 

Three groups of of fspring,  normal females , androgenized females 

and androgenized males were select ed from the init ial 60 ewes . Controls 

for androgenized males were ram lambs used in the parallel study 

described in Experiments 3 . 2  and 3 . 3 , and which were bred from similar 

ewes lambed at the same t ime under similar condit ions on the same farm . 

To comply with management requirements , these flocks were mated and 
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lambed separately but were comb ined short ly after lambing . 

To s implify terminology , offspring from androgen treated ewes are 

referred to as "treated males" and " t reated f emales" (ma scul inized ) , and 

those from untreated ewes termed "normal" males and females . 

( 2 )  Treatment o f  Ewes . 

Forty ewes were selected for intramuscular inj ec t ion of 200 mg 

of  testosterone cypionate ( "Depo-Testos terone" ,  Upjohn Limited) on each 

of the 20th , 2 7th , and 40th days of ges tation . �n addit ion , six ewes not 

included in the current s tudy were given the same quantity of 

t estosterone cypiona t e  on two occas ions , two weeks apart and weekly b lood 

samples collec ted for six weeks commencing a t  the time of the first 

inj ection . Plasma testos terone levels were mea sured to est imate the 

period of elevated tes tosterone concentra t ions following treatment 

o f  ewes . 

( 3) Experimental . 

( i )  Experiment 5 . 1 :  Basal LH and Tes tosterone Levels .  Six normal 

and ten t reated female s , and eight normal and eight t reated males were 

A c l cc tcd for n long i t ud inn l study of hormone levels . S ingl e  blood 

samples were collec ted each " two weeks from four to thirty weeks of  age . 

From normal males , the f irst sample of  four collected for Experiment 

3 . 2 was used . Plasma from males and females was assayed for LH 

concentra t ions , while testos terone levels were e stimated only in plasma 

samples f rom males . 

For presentation o f  data (Figure 7 . 1 ) ,  mon thly mean LH level s  

were calculated, and for s tatist ical analysis , groups were compared 

following analysis of variance using the coeffic ients shown below 

after weighting for d isproport ionate numbers within groups : 

1 .  

2 .  

3 .  

Contrast  

Treated (male + female) 

vs 

Normal (male + f emale ) 

Male  vs Female 

Trea tment x Sex ( interaction) 

Normal Treated Normal Treated 
Female Female Male Male 

- 1  + 1  - 1  +1  

+1  + 1  - 1  - 1  

- 1  +1  + 1  - 1  

Tes tosterone levels observed in the treated and normal males also 

were compared using an analysis of  variance .  
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Analyses using body weight a s  a covariate was performed on LH and 

testosterone da ta from males to examine the possibility that body weight 

d ifferences influenced detected differences in hormone levels . 

( ii )  Experiment 5 . 2 :  LH Output in Response to GnRH Administra t ion . 

At 6 ,  1 4 ,  22  and 30 weeks , s tudies using GnRH were performed with 

the animals  and treatments  summarized in Tabl e  7 . 1 .  Animals  used in 

this study were in addit ion to those used in Experiment 5 . 1 , and since 

numbers were l imited , only one treated male could be sampled . At 30 

weeks , three entire treated males f rom Experiment 5 . 1 were included 

subsequent to the conclusion of that study . Castrated t reated males 

were from a growth study run in parallel with this invest igat ion . 

Each animal was g iven a s ingle j ugular inj ection of  GnRH ( 10 �g/ml 

in 0 . 9% sal ine) at a dose rate of 1 �g/Kg . Plasma samples were 

collected 20 min , 10 min and immediately prior to GnRH inj ection , and 

1 5 ,  30 , 60 , 90 , 1 20 and 240 min after inj ection . Control  sheep were 

selected at random from each group in Experiment 5 . 1 at corresponding 

ages and were given control inj ections of saline , and plasma samp les 

were collec ted at 0 ,  30 and 90 min after inj ec t ion . No castrate 

males were available for control inj ections . P lasma samples were 

assayed for LH concentrations . 

For anal ysis , total LH responses to GnRH were calculated ( see 

Chapter 2) while pre-inj ection l evels  were calculated by averaging the 

Lll concentra tions of the . three pre-inj ec tion samples . Variances of 

data thus calculated were compared by analyses of var iance for all  ages 

using coeffic i ents shown below after weight ing for disproport iona te 

numbers wi thin groups : 

Contrast Normal Treated Normal Castrated 
Female Female Male Treated 

Male 
1 .  Normal Mal e  VS Castrated 

Treated Male 0 0 +1  - 1  

2 .  Normal Female vs Treated 

Femal e  +1 - 1  0 0 

3 .  Males vs Females - 1  - 1  +1  +1  

Data from the one treated mal e  was not included in  statistical 

analyse s but var iances of  responses of the four rams of  this group 

sampled a t  30 weeks were compared by analyse s o f  variance with those 

from o ther male groups using coef ficients shoWn below after weighting 
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Summary of experimental design showing numbers of animals used for investigat ion 

of responses to GnRH admini stration . 

GnRH Treatment Normal Female 

Week 6 4 

Week 14 4 

Week 22 4 

Week 30 4 

Control Saline Inject ion 

Weeks 6 ,  14 , 22 

and 3 0 .  
4 

Treated Female 

4 

4 

4 

4 

4 

Normal Male Treated Male 

4 1 

4 1 

4 1 

4 4 

4 4 

Castrated Treated 
· Male 

3 

3 

3 

3 

0 
.... 
"' 
"' 
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for disproportionate numbers within groups : 

Contras t Normal Treated Cast ra ted 
Mal e  Mal e  Treated Male 

1 .  Treated vs Cas trated Treated 0 +1  - 1  
Male 

2 .  Normal vs Trea ted Male +1 - 1  0 

Regression fits  of mean LH output response curves were ca lculated 

( see Chapter  2)  and comparisons were made by � tests based on the 

coef fic ients used to determine differences in to tal and pre-inj ection 

levels  describ ed earlier in this sec tion . 

(iii)  Experiment 5 . 3 ! Responses of Females to GnRH Before and 

After Ovariec tomy.  At 45  weeks of  age , six normal and six treated 

females were selec ted ,  GnRH administered , and plasma samples collected 

as described for Experiment 5 . 2  above . Ewes were ovariec tomised within 

the following two days and the GnRH inj ec t ion and sampl ing procedures 

repeated two weeks later . Samples were assayed for LH concentrations . 

Pre-inj ection levels and total LH responses before and after 

ovariec tomy were compared by analyse s of variance using the coef f icient s  

shown below , and regression fits  of mean response curves were 

calculated and compared by t tests using the same coeffic ients :  

Contrast  Pre-ovariectomy Post-ovariec tomy 

1 .  

2 .  

3 .  

Pre - vs Post-ova r iec tomy 

Normal vs Trea ted 

Interac t ion 

Normal 

+1 

+1 

+1 

Treated 

+ 1  

- 1  

- 1  

Normal 

- 1  

+1 

- 1  

Treat ed 

- 1  

- 1  

+1 

Thi s  procedure was undertaken to determine whether prenatal 

exposure to androgen had interfered wi th oestrogen feedback receptor 

ac t ivity , and to provide a comparison of female responses to 

gonadec tomy to correspond with responses of castrated treated males 

observed in Experiment 5 . 2 

3 .  RESULTS 

( 1 ) Plasma Tes tos terone Level s  in Ewes . 

Plasma t es tosterone level s  after t estosterone cypionate  

administra tion are  shown below :  



Week 

0 

1 

2 

3 

4 

5 

6 

7 

Number 
of  Ewes 
Sampled 

6 

6 

6 

5 

6 

6 

6 

6 

Number With 
Eleva ted Plasma 
Tes tosterone 

0 

6 

6 

5 

6 

6 

1 

0 
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Mean Plasma 
Testosterone Level 
(ng/ml ± SEM) 

0 

25 . 1 7 ± 4 . 8 3  

4 . 89 ± 1 . 68  

1 3 . 4 7  ± 2 . 4 1  

6 . 32 ± 1 . 35 

3 . 88 ± 1 . 2 8  

0 . 5 3  

0 

No testos terone was detected prior to the f irst  inj ect ion but levels 

were still elevated two weeks after the first inj ection . The second 

inj ec tion , a t  week 2 ,  was followed by a second though less marked 

eleva tion of plasma testosterone l evels then a gradual decl ine during 

the ensuing three weeks . Four weeks af ter the second inj ec t ion , 

testosterone was detec table in the plasma of  only one ewe . It  was 

concluded that the androgen treatment regime employed in this s tudy 

would have ensured eleva ted plasma testosterone levels from the 20th 

to approximately the 6 5th day of gestat ion . 

( 2 )  Effec t o f  Testosterone Treatment o n  Ewes . 

Fol lowing testosterone administrat ion , ewes b ecame not ic eably 

aggressive with increased foot s tamp ing and defensive behaviour , and 

many displayed mounting behaviour . Of the 59 ewes which lambed , three 

c a s e s  of dys tocia occur red , nn :Lnc id cnce not cons idered unusual for the 

New Zealand Romney breed . Neonatal mortality of lambs , 14% in control 

o ffspring and 6% in t rea ted offspring , also was considered normal. 

( 3 )  Description of Offspring .  

Treated males were normal a t  b irth and cont inued to display normal 

anatomical growth and development . All t reated females were 

indistinguishable from males at birth upon external visual examinat ion : 

no external vulva! open ing was present , a penis , prepuce and scrotum 

were present and urination occurred via the penile urethra . However ,  

no testes were palpable . Upon dissect ion of  three treated females 

which died neonatally , no testes were present either scro tally or 

internally , but all pos sessed normal ovaries . Normal fallopian tubes , 

uterine horns and bodies , cervices and vaginae were present , along 



1 8 0  

with normal ligamentous attachments . The penis was identical to tha t 

o f  t h f' no nnn l m:d l' • l nr l ud l n p, t h e  H i p,mo t rl f l v x u r e  nn<l r e t rn c t o r  JWn i a  

musc le . No d i f f erences , ma croscopic or microscopic , we re ob served 

between ovar ies and internal reproduc t ive t racts of normal and treated 

females following ovariec tomy a t  4 5  weeks of age (Experiment 5 . 3) . 

Diagnosis of  the "intersex" syndrome was initially based on the 

lack of  palpabl e  testes and was later con f irmed upon ovariec tomy a t  

4 5  weeks . 

The scro tum o f  the "intersex" animal s  did not develop and the penis 

and prepuce failed to progress to normal s ize as  the animals aged . 

This  and the failure of  breakdown of preputia! adhesions l ed to urinary 

scald  about the p repuce . Many "intersex" animals displayed f emale 

urina tion pos tures . 

(4 )  Hormone Data . 

( i ) Experiment 5 . 1 :  Basal LH and Testosterone Levels . 

See Table 7 . 2  and Figures 7 . 1  and 7 . 2 .  

Mean LH level s  in females during the first 7 mon ths of l i fe varied 

markedly from 0 . 1 to 1 . 4 ng/ml . LH levels were highest in normal 

females a t  4 months and in t reated females at 3 months , but no overal l  

increase o r  decrease in LH levels was observed . 

LH levels in males were hi ghest during the second month of  life  

and generally dec reased dur�ng the following 5 months . The maj o r  

difference shown b y  the analysis of var iance ( Table 7 . 2 )  was that 

treated animals  produced significant ly less LH than normal animals  

( P < 0 . 00 1 ) . 

Te stosterone levels of normal rams increased markedly during the 

f irst  7 months ( Figure 7 . 2 ) but levels in t reated males showed only a 

sma l l  increase during the same period . Analysis of variance showed 

the t estosterone levels in normal animals to be significantly greater 

than in the ·treated animals  (!) , g e  = 5 3 . 19 , P < 0 . 00 1 ) . 

Analysis of  variance of body weight data showed t reated males to b e  

sign ificantly l i ghter than normal �les (!1 , 7 0  = 6 3 . 84 ,  P <  0 . 00 1 ) , but 

covariance analysis showed hormone l evel differences were not 

a t tr ibutable to body weight differences . 
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Figure 7 . 1 :  Monthly var iat ions of plasma LH concentrations 

(means + S EM) of normal and prenatal androgen , 
t reated lamb s .  
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Table 7 . 2 :  Summary of analysis of variance of basal LH data from 

Normal and t reated animals . 

Source o f  Variation d .  f . Var iance Rat ios 

1 .  Male vs Female 1 1 1 . 68*** 

2 .  Normal (Male + Female) 

vs 1 24 . 30*** 

Treated (Male + Female)  

3 .  Sex x Treatment Interac t ion 1 1 . 34 

Residual Mean Square 190 1 2 2 3 . 9  

( ii)  Experiment 5 . 2 :  LH Output in Response to GnRH Administration . 

See Tab le 7 . 3  and Figures 7 . 3 - 7 . 6 

Each inj ec t ion of GnRH resul ted in a marked and rapid eleva t ion o f  

plasma LH concent rations while  cont rol inj ec tions of sal ine induced no 

such elevat ion . At six weeks of age , the peak LH ·concentra t ion was 

reached 15 min after inj ec t ion , but in the ent ire animals ,  the t ime taken 

to reach peak levels was delayed up to 30 - 60 min as the animals aged . 

In cas tra ted animals , the peak LH concentration was reached wi thin 15  min 

up to 2 2  weeks , but at 30 weeks , the mean peak was delayed because one 

animal displayed a biphasic output response . There were no s triking 

differences in the pattern of LH secretion between the groups of ent ire 

males and females .  The one treated male sampled at 6, 14 and 22 weeks 

produced quan t it ies of LH within the range observed from normal males , 

while a t  30 weeks , the output of LH from all four t reated males was 

ind istinguishab l e  from that of normal males . 

Ana lyse s o f  variance ( Tab le 7 . 3) showed tha t cas tra ted treated males 

possessed signif icantly higher pre-inj ec tion LH levels and total LH output 

than normal males . Pre-inj ection concentrations and total LH responses 

of normal and treated females were not s ignificantly dif f er en t . As a 

result of the higher l evels of LH recorded from the castrated males , 

overall results showed that males had s i gnificantly great er pre�nj ection 

LH concentrations and total responses than females . 

Analyse s of  variance of  regression coefficients showed an overall  

decrease of  pre.-inj ec tion LH levels with age  ( F 1 , 5 s = 9 . 1 8 ,  P< 0 . 0 1 )  

and of  total LH output responses with age (!1 , 5 5  = 5 . 78 ,  P <  0 . 05) . 



TABLE 7 . 3  

Summary of  analyses of variance performed to determine di fferences in pre-inj ection LH levels 

and t otal LH output responses to GnRH inj ect ion , and differences between component s of 

regression fits of L� output response curves . 

Source of  Variat ion d .  f .  Variance Ratios 

1 .  Normal Male vs Castrated 

Treated Male 

2 .  Normal Female v s  Treated 

Female 

3 .  Male vs Female 

Re sidual mean square 

1 

1 

1 

56 

Pre­
inj ection 

Level 

4 5 . 09*** 

0 . 39 

2 1 .  76*** 

0 . 051 

Component of Regres sion Fit 
Total 

Linear Quadrati c  Cubic 

4 . 80* 0 . 41 0 . 01 0 . 00 

0 . 94 0 . 19 0 . 03 0 . 01 

11 . 00** 9 . 08** 1 . 41 0 . 50 

2 . 064 0 . 0060 0 . 0462 0 . 0084 ..... 
CD ::. 
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At 30 weeks,  pre4nj ec t ion levels and total responses of  normal and 

t reated males were not s ignificantly different , but castrates possessed 

s ignificantly greater pre-inj ec t ion (fl , a  = 1 8 . 1 0 ,  P <  0 . 0 1 )  and total LH 

responses (fl , e  = 8 . 63 ,  P< 0 . 05 )  than t reated males . Hence higher levels 

in castrate treated males could be attributable to castra tion rather than 

prena tal androgcnization . 

Analyses of  variance of regression fits  of  LH output response 

c urves (Table 7 . 3) showed tha t cas tra t ed treated males possessed a 

s ignif icantly greater l inear component of  LH output responses confirming 

greater LH output , but lack of differences between non-l inear component s  

showed that the shapes of  a l l  response curves were essent ially the same . 

At 30 weeks of  age ,  castrat ed treated males possessed a greater linear 

component of  LH output than ent ir e  treated males (�s = 2 . 77 ,  P < 0 . 05 ) , 

but the shapes of respons e  curves from all three male groups a t  this age 

were essentially the same . 

( iii) · Experiment 5 . 3 :  Responses of Females to GnRH Before and 

After Ovariec tomy. 

See Table 7 . 4 and Figure 7 . 7 

GnRH inj ection was followed by a rapid eleva t ion of plasma LH 

c oncentrations . Analysis of  var iance (Table 7 , 4 )  showed that ovariec tomy 

resulted in signif icant ly greater pre-inj ection levels and to tal responses 

but tha t  there were no s ignificant differences in pre-inject ion levels or 

t otal responses of normal and t reat ed females e ither before or after 

ovariectomy . � test s  of  regression fits  of response curves showed there 

were no signif icant differences in the shapes of response  curves between 

groups or as a result of ovariec tomy . 

Table 7 .4 :  Summary of Analyses of Variance of Pre-inj ect ion LH level s  

and Total Output of  LH in Response to GnRH Inj ec tion Before 

and After Ovariectomy . 

Source of Variation d . f  

1 .  Pre- vs  Post-ovariec tomy 1 

2 .  Norma l  vs Treated 

3 .  Interaction 

Residual Mean Square 

1 

1 

2 0  

Var iance Ratios 

Pre- inj ec t ion To tal 
Level Response  

66 . 04*** 20 . 25*** 

0 . 78 0 . 52 

0 . 00 0 . 50 

0 . 05 1 0 . 7 2 7  
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4 .  DISCUSS ION 

( 1 ) Timing o f  Exposure to Androgen . 

1 9 1  

Produc tion of  the ana tomical mascul iniz ing syndrome required 

exposure to androgen over a crit ical time per iod , but the dose ,  route 

o f  adminis t ra t ion and pharmacolo gical form of t estos terone appear less 

critical . 1 g testost erone implants  (Short , 19 74) , intramuscular or 

intrauterine testos terone enanthate  wi th subsequent intramuscular 

inj ec tions (Ali fakio t is et al . ,  1 9 7 6 )  and intramuscular testos terone 

c ypionate  inj ect ions (Experiment 5 ) , all produced masculiniza tion in 

sheep . 

Trea tment of  ewes star t ing a t  days 20 and 40 of gestation induced 

complete masculinization of female  o ffspring , but treatment beginning 

a t  day 60 did no t ( Short , 1 9 74) . Clarke et al . ( 1 976) reported that the 

same syndrome followed t reatment between days 30 and 80 o f  ges tat ion , but 

d id not follow treatment from days SO to 100 , and Alifakio t is et al . 

( 1976)  achieved masculinization o f  female lambs after trea tment beginning 

from the 2 5 th to 45th days of  gestat ion . I t  may be deduced therefore 

that the mascul iniz ing syndrome i s  brought about by exposure to 

t es tosterone between approximately the 40th and 50th day of gestat ion . 

It  is now clear tha t Przekop et a l . ( 1974)  failed to induce mascul in iz­

ation because of inappropriate t iming of  andro gen exposure . 

Zimbleman and Lauderdale ( 1 9 7 3)  failed to show anatomical or 

pos t-na tal reproduc t ive abnormal i t ies in hei fers exposed to testosterone 

from 80 - 1 33 days o f  gesta tion indicating early sexual differentiation 

also occurs in the bovine . Attempts to alter hypothalamic sexual 

differen t ia t ion in bitches , gilts and heifers by androgen t reatment a t  

birth also were unsuccessful ( Zimbleman and Lauderdal e ,  1 9 73 ) . 

I t  is  evident that anatomical sexual differentiat ion occurs prior 

to hypo thalamic sexual d ifferent iation s ince Przekop et  al . ( 1 974)  found 

no abnorma l i t ies of pos t-pubertal reproduc t ive cycles in ewes androgenized 

after 84 days in u tero , yet Clarke et  al . ( 19 7 6 )  produced abnormal 

cyclical activity in ewes androgenized both be tween 30 - 80 and 50 - 1 00 

days in utero . Sho r t  ( 19 74 )  observed that one ewe androgenized at day 

80 in utero displayed normal cyclical act ivity after puberty . Hence ,  

in sheep hypothalamic d ifferen t ia t ion appears t o  occur between days SO -

80 in foetal life . 
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Ra ts are born with genetic sex displayed phenotypically  yet 

dif ferentia t ion of the hypo thalamic func t ion occurs pos t-na tally 

(Harris , 1 9 6 4 ) , hence the s equence of occurrence of anatomical then 

hypo tha lamic d i fferent ia t ion is likely to be common to many spec ies . 

No informa t ion concerning hypothalamic sexual d i f ferentia t ion was 

determined f rom the present study s ince la ter endocrine and behavioural 

s tudies neces sary to elucidate this aspect were outside the scope of  

this  thesis . 

Sexual differentia t ion normally is induced by the endogenous 

produc tion o f  testos terone by the ma le foe tus . At tal ( 1 96 9 )  reported 

t es tos terone produc t ion by the mal e  ovine foetus as  early as  day 30 

in utero . Tes t icular tes tosterone levels rose a t  about 80  days , but 

the pat terns o f  produc t ion were diff ic ul t to ascertain, part icularly 

s ince small numbers of animals were used (At tal , 1 969) . I t  was evident 

tha t ma terna l treatment resul ted in the transport of testos terone to 

the foetus , and tha t in the female ,  this mimicked male gonadal s teroid 

produc t ion . S ince endogenously produced foetal l evels o f  testos terone 

were no t high (At tal , 1969 ; Pomerant z  and Nalbandov,  19 7 5 )  i t  is l ikely 

that only sma l l  quantit ites  of steroid are necessary to induce 

anatomical sexual different iat ion provided the cri tical t iming is 

observed . In rats (Warren et al . ,  19 73)  and man ( Reyes et  a l . , 19 73)  

foe tal testos terone levels were highest  a t  1 8 . 5  days in utero , and a t  

foe tal length 7 - 1 0  cm, respec tively, i n  each case these are periods of 

maximum Wol f f ian duc t development . 

( 2 )  Ana tomical Mod i f ications . 

The ana tomical mod ifications described were similar to those 

described by Short ( 19 7 4 )  and Clarke e t  al . ( 1 9 7 6 ) . Ali fakiotis  et  al . 

( 1 9 76) also describ ed the presence o f  Wolffian duct derived 

epididymides , duc tuli defer entia 1and s eminal vesicles and o ther secondary 

sex glands together with the external mascul iniz ing syndrome . These 

struc tures were no t not ed in the present s tudy nor that described by 

Short ( 1 9 74 ) , though all r eports  agree on the external appearance of  the 

female o ffspring . 

S ince a l l  report s  in the l i t erature have been based solely on 

neonatal anatomical examina tion , no s tudies have reported anatomical 

growth and development o f  androgeni z ed offspring . In this s tudy i t  was 

ob served tha t the scrot um,  penis and prepuce o f  masculini z ed female 
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offspring did no t develop to the normal extent and penile-preputia !  

adhesions were not broken down and this predisposed the animals t o  

urine scald , preput ia! inflama t ion and i n  some cases , urinary 

overflow incont inence . Th ese abnormali t ies were probably due to an 

insufficiency of  testos terone , but may have been due to an inhib itory 

action of  ovarian s teroids . 

The genital syndrome produced by androgenization has been 

likened to the f reemar tin cond it ion , but Jos t  et al . ( 1 9 73)  ha s 

disagreed with this conc lusion s ince only rarely is the freemartin 

condit ion manifest by gross masculinizat ion o f  the external genitalia . 

( 3 ) Behavioural Mod i f�cat ions . 

Short  ( 1 9 74 )  ob served tha t all androgenized female offspring 

displayed ma le urina t ion postures , regardless of time of exposure to 

tes tos terone , from 20 days onward . Though the presen t inves tigat ion 

did no t set out to study speci f ic behavioural attributes , it was no ted 

tha t the androgenized females displayed f emale urinat ion pos tures , a 

f inding in direc t  contrast to that of Short ( 1 9 74 ) . 

Aggress.ive tendenc ies o f  androgenized dams were reported by 

Shor t ( 1 9 74 )  and ob served in thi s  study , supporting the concept that 

androgen s  are responsible for the initiat ion of  many behavioural 

pat terns . 

Sexual behaviour o f  androgenized of fspring has been s tudied by 

Short ( 1 974)  and Clarke et al . ( 1 976) . Irregular oestrous cycles have 

been ob served in some animals androgenized between days 30 to 100 in 

ut ero , but mos t  o f fspring did not exhibit  oes trous cycles . Przekop 

et al ( 1 9 74 )  ob served no alteration of later sexual behaviour in ewe 

of fspring androgenized from day 84 o f  foe tal l ife . Short ( 1 974)  and 

Clarke et al . ( 1 9 76 )  observed also that some androgenized ewes actually 

displayed male sexual behavioural characteristics . Thi s  evidence 

sugges t s  that adul t behavioural pat terns may also be mod ified by the 

foetal exposure to testosterone , and indeed , thi s  steroid may be 

necessary in the male foetus in order to ensure normal behavioural 

patterns later in l i fe .  

( 4 )  Maternal Modifications . 

Al though no abnormal incidence of dystoc ia was noted in the 

current s tudy , Short ( 1 9 74 )  reported a "high incidence" of dystocia 
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from h is small flock , and Al ifakiotis et a l . ( 1 9 76)  determined a 

statis t ically significantly greater incidence of foetal loss during 

ges tat ion following both intrauterine and intramuscular administration 

of the steroid . The latter au thors suggested that conversion of 

androgen to oestrogen within the placenta may have been a causa t ive 

fac tor . Such conversion could have interfered with the endocrine 

contro l of parttirit ion and have caused the dystocia reported by Short  

( 1 9 74 ) . Short emp loyed treatment regimes which elevated ma ternal 

tes tosterone levels beyond parturition . Lack of udder development 

reported b y  Short ( 19 7 4 )  was countered by removal of . implants p rior to 

parturition . In the present s tudy , maternal androgen levels returned 

to normal approxima tely three weeks after the f inal inj ection and 

hence interference with ges tat ion , parturition and lac tat ion was no t 

eviden t .  

( S )  Hormonal Output 

Prenatal exposure to androgen significantly depressed basal LH 

levels in both male and female offspring which sugges t s  that depression 

of hypo thalamic hypophysio trophic func tion or of pituitary gland 

activity had occurred . S ince a close quantitative relat ionship between 

LH and tes tosterone had been demonstrated ( Experiments 1 and 4 )  

part icularly a s  the ram progressed through puber ty , i t  was l ikely that 

the significant depression of plasma tes toste rone levels  was secondary 

to the depressed LH output . 

P renatal androgen exposure however , did  not significantly al ter  

pituitary LH output following GnRH adminis tra t ion indicat ing tha t the 

depression of basal LH output observed was due to depression of 

hypo thalamic centres controlling pitui tary LH secret ion rather than to 

di rec t mod ification of the pitui tary gland . Impa ired hypotha lamic 

GnRH synthesis anq /or release probably caused the lowered pituitary LH 

release as it has b een shoWn ( Experiments · 2 . 1  and 2 . 2 )  that output 

of this gonado trophin is GnRH dos e  dependent .  Androgen in the early 

foetus may have altered the number of GnRH-producing neurons or s te roid  

feedback receptors . Al ternatively , hypo thalamic s teroid receptors may 

have been sensi tized to later s teroid produc t ion and hence small  

quantit ies of  tes tos terone may have exerted a greater inhibitory ef fect 

on GnRH release in androgenized rams . The sensitivity of feedback 

receptors has been shown to decrease at puber ty ( Smith and Davidson , 

196 7 )  indicating tha t sexual neuroendocrine feedback receptors may 
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b e  labile components a t  least a t  some stages o f  maturation . 

Testosterone produc t ion by the male foetal gonads begins as early 

as 30 days in utero (At tal , 1969) . Thus the effec t  of  exogenous 

androgen in suppression of later LH output must be related either to a 

greater dose of  steroid reaching the hypothalamus than would be found 

in the normal male,  or to exposure to androgen at a very early age , 

before endogenous produc t ion begins . Since exposure was commenced a t  

day 20 , the period be tween day 2 0  and 30 may be  critical in determining 

the later hormone produc t ion . 

I t  has already been suggested ( p 194) tha t the reduced testosterone 

p ro d i H '. t io n  in n ndrogen t re a t ed tll;) l e s  was sec ondary to a dimin i shed LH 
ou t pu t , b u t  n l Ho 1 t  wa s poss i b le t h a t n pe rman en t suppress ion of numbers 

or steroidogenic capacity of Leydig c ells had occurred . However , i f  

the decreased tes tost erone output was due t o  this alone , the level s  o f  

LH would be expec ted t o  be elevated . I n  fact , LH levels were depressed . 

Though lower t estosterone and LH output was no t related to body weight 

this rela t ionship may be misleading since it  may be suggested tha t 

lowe red t e s t o s t erone p rod uc t ion may have resul ted in a lower body we ight . 

Experiment 5 . 2  suffered the d isadvantage that insuff ic ient t reated 

males were available unt i l  30 weeks of  age . I t  was cons idered 

undesireabl e  to employ t reated mal es from Experiment 5 . 1 before 30 weeks 

in view of the lack of knowledge of long term effects of periodic GnRH 

inj ections , and hence this procedure may have reduced the validity of  

resul ts in  Experiment 5 . 1 .  At 6 ,  1 4  and 2 2  weeks , the s ingle animal o f  

this group which was sampled produced similar quantities of  LH t o  normal 

ram lambs , and at 30 weeks , output f rom four animals sampled was not 

signif icantly different from tha t of  normal rams . Thi s  evidence 

suggested tha t prena ta l androgeniza tion did no t al ter responses to GnRH 

in males . No difference in LH output was observed between treated and 

normal females . Cas tra ted treated males produced significantly greater 

quantit ies o f  LH , presumably because of the lack of endogenous 

tes tosterone produc t ion which normally inhibits  pitui tary secret ion 

(Pelletier , 1 9 76) . 

Exper iment 5 . 3  served to demonstrate that prenatal androgenization 

did not significantly al ter the response to removal of the gonadal 

steroid feedback in the female . The increase in plasma levels of LH and 

the greater response to GnRH were due to removal of the negat ive f eed­

back effec t s  of ovarian stero ids following ovariectomy . S ince 
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gonadectomy also significantly elevat ed plasma LH levels in castra ted 

treated males , it can be suggested that prenatal androgenization d id 

no t interfere with feedback receptor mechanisms in either sex . Hence 

it may be postulated that the activity of prenatally administered 

androgen was to depress metabolic processes in hypothalamic GnRH 

producing neurons ,  ultimately result ing in the depression o f  

hypothalamic GnRH output , and decreased p lasma LH concentra t ions . 
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CHAPTER VI I I  

GENERAL DISCUSSION AND CONCLUSIONS 

Aspec t s  of LH , tes tosterone and prolact in secret ion in rams , 

with part icular emphasis  on the success ion o f  hormonal even ts dur ing 

sexual ma tura t ion , are described in this thesis . Three approaches 

were adop ted to inves t igate sec ret ion of these hormones : longitud inal 

s t ud i es of hormone output ; acute s tud ies of sec ret ion prof iles ; and 
' 

del inea t ion o f  pituitary and subsequent gonadal respons iveness to GnRH 

administra tion . 

Exper iments 1 and 2 were des igned to provide informa t ion about 

hormone secre tion in adul t rams , and to provide indices for the 

at tainment of adult ho rmone secretory pa t t erns and hormonal 

interrelat ionships by sexually develop ing rams . Exper iment 2 also 

facilitated selec tion of the dose o f  GnRH and sample col lect ion 

sequence s emp loyed in later exper iments . An init ial s tudy on young 

animals ( Experiment 3 )  commenced at birth and cont inued f o r  32- 35 

weeks , thus spanning the period dur ing which spermatogenesis was 

estab lished and progress ing through the f irst breed ing season for 

young rams under na tural cond it ions . Supplementary acute s tud ies 

of secre tion prof iles and responses to repeated GnRH inj ect ions 

( Exper iment s  4 . 1 and 4 . 2 )  ut ilized rams during prepuber tal ,  puber tal 

and late pubertal phases . 

Exper iment S was under taken to examine some aspec t s  of  sexual 

d ifferentiation in sheep and was considered to b e  an extens ion o f  

s tudies on endocrine parameters during puberty . Females were inc luded 

to highl igh t int eract ions between the genetic s ex and the foetal 

endocrine environment . Test icular developmental paramet er s  of 

androgenized offspring were not inve s t igated as the animals were 

r equired for o ther s tudies which ext ended b eyond the termination o f  

this experiment . 

1 .  HORMONE SECRETION PROFILES 

Rhythms of reproduc tive hormone secret ion have been known since 

the recogn i t ion of the gonado troph in-steroid bas is of the menstrual 

cycle in the early 1 9 30 ' s  (Bo gumil ,  19 73) . In the male , four 
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hypo thalamo-pi tuitary-gonadal axis rhythms occur : sexua l 

dcvclopmenta l , s0asona l , circadian and short-term (ul trad ian ) rhy thms 

( Vermue len et al . ,  1 9 7 3) . Though sea sonal var iations of reproduc tive 

parame ters have now become estab l ished (Lincoln , 19 76�) , developmental , 

c ircad ian and ul tradian rhythms have been less extens ively examined . 

Prior to recent intensive s tud ies , short-term var iat ion s in 

plasma hormone levels t ended to be overlooked because low sampl ing 

frequenc ies , and convent ional "steady state" concepts of endo crine 

control sys tems overshadowed the ir existence (Weit zman et al . ,  1 9 7 5 ) , 

hence widely discrepant hormone levels often were rej ec ted or 

regarded as unimportant (Oatley , 1 9 7 1 ) . 

Exper iment 1 util ized a 20 min sampling interval and demonstrated 

conc lus ively that LH and testosterone were secreted in a pulsatile 

manner in adul t rams , a f inding in accord with other recent reports 

(Katongo le et  al . ,  1 9 7 4 ; Purvis et al . ,  1974 ; Sanford et al . ,  1974�; 

Barrel! , 19 76 ; Lincoln , 1976�; Schanbacher and Ford , 1976) . Pul satile 

secret ion of LH and testos terone al so has been shown in young rams 

( Exper imen t 4 . 1 and San ford , 1 9 7 4 ) . 

The s t r iking summer-winter d i f ference of  prolactin s ecretion 

pro f iles ( Experiment 1 )  ind icated tha t the hormone concentrat ion 

changes in plasma obs erved in longitudinal s tud ies ( Pel let ier , 1 9 7 3 ;  

Barrel ! ,  1 9 7 6 )  reflected not only changes i n  basel ine levels , but 

also a l tera t ions in the manner o f  s ecretion : in the case o f  pro lac t in , 

f rom ton ical ly high to low but pulsat ile output . An experimental 

approach comb ining longi tudinal s tudies with frequent ( e . g .  monthly) 

secretion pro file studies would be useful to elucidate the relationship 

between mean basal leve l s  and short- term secretion profiles  of hormones 

d isplaying seasonal variat ions of  plasma l evel s . 

Prolac t in secret ion pro files in 6 ,  1 4  and 22 week old rams 

(Experiment 4 . 1 ) did not differ sign i f icantly though the intervals 

be tween samplings were short compar ed wi th the s ix month interval used 

for seasonal comparisons in Exper iment 1 .  It  was no ted however, tha t 

prolac tin l evel s  in the younger rams f luctuated more markedly than 

levels in adul ts at the same t ime o f  the year , though this may have 

b een due to venepunctur e  sampling o f  the younger animal s .  

Clearly the secret ion of  prolac t in in both adul t and young rams 

requires fur ther invest igation . S ecretion pro file s tudies at close 
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int ervals from birth under na tural condit ions , together with 

inves t igations employing artificially reversed and constant long and 

sho rt daily pho toper iod s ,  and ultima t ely experimentation with 

pro lac tin inhib itory and stimulatory factors , should yield a grea ter 

unders tanding of  prolac t in secretion in rams . Studies o f  

s pe rmatogenesis and of  the reproduc t ive trac t i n  conj unc t ion with 

l ighting and pharmacologically- induced changes in prolac t in levels 

would also aid the det ermina tion of the phys iological role of 

pro lac tin as a reproduc t ive hormone in the sheep . 

The significant quant itative relationship be tween episodic peaks 

of LH and sub sequent tes tos terone peaks is important . S ince the 

output of LH was in turn quantitatively controlled by GnRH ( Experiment 

2 ) , it could be postulated that a quantitative hormonal amp l i f icat ion 

system emana tes from the hypo thalamus .  The character of episodic LH 

spikes compared with elevat ions re sul ting from peripheral GnRH 

adminis tra tion sugges ted that only a small quantity of GnRH from the 

hypo thalamus was required and tha t its  disseminat ion from the 

pitui tary gland was rapid . Cannulation of pituitary portal blood 

vessels and measurement of portal b lood GnRH concentra tions , toge ther 

with studies of intraportal adminis tration of GnRH and measurement o f  

peripheral LH levels , would give basic data o n  the dynamic s of  

hypo thalamic con trol of pituitary LH output in rams . 

The phy s iological rat ionale for episodic output of hormones 

r emains an eni gma . Oa tley ( 1 9 7 1 ) suggested tha t pulsatile o utput may 

enhance contro l  sys tem integration . Indeed , episod ic release may 

al low a more prec ise command of s teroid output s ince tes tosterone 

release in response to more prolonged elevations of LH fol lowing GnRH 

administrat ion (Experiment 2 )  was no t cons is tently quantita t ive 

( though LH leve l s  often were in excess of endogenous LH peak levels) , 

whereas testo s terone release following episodic LH sp ikes was . The 

target organ may respond maximally t o  period ic ho rmonal s t imuli and 

the resulting episodic testosterone release may in turn provide a 

more accura te index of  testicular steroido genesis at the hypothalamic 

integrat ing cent res than would a cons tant level of  hormone . Further 

inves t iga tion of the nature and con trol of  pulsa tile hormone release 

and receptor-horrnone dynamic s of the p i tuitary and hypothalamus are 

neces sary for an unders tanding of. thes e  basic neuroendocrine 

mechanisms . 
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As sugges ted b y  Oa tely ( 1 9 7 1 ) , pulsatile release o f  hormones 

exemplif ies the dynamic nature of neuroendocrine systems and high­

l ights the lack of known quantitative laws which describe such 

ac t ivities wi thin an organism, and d i s t inguishes biological sys tems 

f rom purely phys ical or chemical phenomena which are governed by 

s trict ma thema tical relat ionships . 

2 .  SAMPLING -INDUCED ELEVATIONS OF HORMONE LEVELS 

If  p lasma hormone estimates are to be employed for d iagnostic 

o r  experimental purposes , or for stud ies o f  hormone secret ion , the 

importance o f  possible ' s ampling- induced hormone elevations mus t  be 

clarified . 

Resul t s  o f  Experiment s  3 . 2  and 4 indicated that sampl ing­

induced eleva tions of LH and prolactin concentrations in pla sma 

were real en tit ies . Sampl ing- induced eleva t ions of plasma prolact in 

levels in sheep are widely accepted ( Davis , 1972 ; Barrell , 1 9 76 ) . 

In gilts , transportat ion- induced oest rus , oestrus synchronizat ion 

and advancement of puberty discus sed by Nalbandov ( 19 76 )  may have 

been due to a s t ress induced elevat ion of LH , but there are no 

reports of sampling or s tress induced elevat ions of LH in th� sheep . 

Apparent discrepanc ies b e tween resul ts of Experiments 4 . 1  and 4 . 2  

sugges ted that the use o f  mul tiple e s t imates of hormone 

concent rat ions dampened the effec ts o f  sampl ing-induced eleva ted 

LH levels which appeared to occur more frequently at  6 weeks of age 

than at 14 o r  22 weeks . Thus interpre tation o f  resul t.s could have 

dif fered depending on the number o f  samples collected . However , 

the LH output in response to .GnRH inj ection dur ing puberty 

( Exper iment 3 . 3) closely followed the pattern o f  changing basal LH 

levels (Experiment 3 . 2 ) , suggest ing tha t the highest levels at 6 

weeks were a real phenomenon rather than an art ifact o f  samp ling­

induced origin . The pattern of basal LH levels ob served in 

Experiment 3 . 2  was s imilar to that repor ted by Courot ( 19 74 ) . 

Resul t s  sugges t ing sampling-induced eleva tion o f  hormone l evels 

clearly ind icated the desirabil ity of an experimental approach 

designed to assess and · overcome factors which may influence the 

output of the hormones . under inve s t i gat ion . Research compar ing 

venepunc ture and remote catheter collec tion of samples during a 
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var iety o f  s t ressful proced ures such as intens ive handl ing and noise 

are needed to determine both the period during which sampl ing- induced 

e leva tions occur and the extent to which such eleva tions inf luence 

s ub sequent hormone outpu t . Similarly , measurement of the hormone o r  

a metabolite in a body flui d  pool such as milk o r  urine may b e  useful 

in overcoming any effec t s  of pulsatile hormone output , or  sampl ing­

induced secre tion , when an estima te o f  the mean hormone level is 

required . 

However ,  the prac ticabil ity of  account ing for pulsatile and 

s ampling-induced ho rmone secretion is d i fficult and appropr iate 

sampling re gime s  and techn iques mus t  be devised to suit the exper imental 

design .  From longitundina l  stud ies wh ich employ large numbers o f  

animals , mean hormone l eve ls from s ingle samples approach the 

theore tical popula tion mean provided no sampl ing- induced eleva t ion has 

occurred , but to examine short term profiles or mean levels wi thin 

an ind ividua l ; mul t iple samples are neces sary . Peterson ( 19 7 7 ) , using 

the secre t ion pro file data from Exper iment 1 ,  determined tha t  at least 

1 0  blood samples mus t  b e  collected at  intervals throughout the day 

and assayed to provide e s t imates of mean daily LH and testosterone 

level s within 10% of the 24 hour mean LH or tes tosterone level 

calcula ted f rom all samples col lected ( 7 3  during the 24 hour period ) . 

The number o f  prolac t in estimates required to provide an e s t imate o f  

mean daily prolac t in l evels dif fere d  depending on whether secretion 

was cons tan t  as seen during the summer period , or pulsatile as 

occurred during the winter sampling per iod . 

When a sampling- induced elevat ion of  hormone output is  observed 

or suspected , three al ternative types of approach are available : 

(a) use o f  sampling me thods which do not induce hormone eleva tions , 

( e . g .  remo te cathe ter sampling) ; (b) collect ion of mul tiple samples 

and disposal of  early ones ( for LH and prolac t in , only the first few 

samples were affected ) , or  use o f  a sham samp l ing procedure during 

the period of susceptability ;  or  (c) use of a pharmaco logical st imulus 

which produces a response unaffected by the sampling and handling 

procedures (GnRH may prove us eful in thi s regard) .  A further 

poss ibility is  that an imals b e  trained to adapt to the s t re sses 

associated wi th samp l ing as it  has been suggested that animals so 

trained may not display induced e levat ions o f ·hormone s ecret ion 

( S itarz et al . ,  1 9 7 7 ) , though this needs to be invest igated to 

provide further evidence for such a claim . 
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3 .  STUDIES OF HORMONAL RESPONSES TO GnRH 

Investiga t ion o f  LH and tes tos terone output in adul ts (Experiment 

2) in response to GnRH has proved tha t administrat ion of GnRH provides 

a use ful tool for testing both p ituitary and gonadal endocrine 

func tions . 

In young animals the progress ive increase in tes tosterone 

secre tory re sponse fol lowing GnRH admin is t ra t i on dur ing sexua l 

matura tion , desp ite a corresponding decline of  LH output , showed major 

func tional changes in b oth the pituitary gland and gonads .  Rising 

testos terone output probab ly reflec ted a comb inat ion of increased 

testicular s teroid content ( Skinne r et al . ,  1968) , increased Leydig 

cell numbers ( Sapsford , 1962) and pos sible progressively increased 

Leydig cell recep tor format ion (Odell and Swerdlof f ,  1 9 76 ) , wh ile 

the decrea sed and delayed LH output probably was a direc t result o f  

the nega t ive feedback ef fects o f  the elevated testosterone levels 

( Galloway and Pellet i e r ,  1975) . Ar tificial induct ion o f  a range o f  

plasma testos terone levels  fol lowed by GnRH inj ec tions i n  castrated 

rams would c lar ify the respective negative and posit ive ac t ivities 

o f  testos te rone and GnRH on the pituitary gland . 

S ince b iphasic and monophasic output responses have been observed 

in rams following high and low GnRH doses � respectively , ( Experiment 

2 and Brernner et al . ,  1 9 76) the dose chosen for an experiment 

should be appropriate to the requirements of the experiment .  Linear 

increases in LH output response to logarithmic incremen ts o f  GnRH dose 

(Experiment 2) indicate'd that lower doses should provide an index o f  

pi tuitary sensivitity t o  GnRH , whereas highe r doses should indicate 

the capaci t y  of the pituitary gland to secrete LH . 

A finding of pract ical impor tance was tha t there were s i gnif icant 

between-animal differences in the LH and testosterone output 

responses following GnRH administrat ion ( Experiment 2 ) . Hence GnRH 

may prove useful in the future for determina t ion of d i f f erences 

between ind ividuals for purposes of predic t ion of f ert i l i ty or 

fecundity , or as an index for the prediction of other hormone­

related r eproduc t ive parameters . 

Repeated GnRH inj ections were used in Experiment 4 . 2  but did not 

add greatly to the understanding o f  pituitary func t ion dur ing 

puberty , though it was evident that large quantities of LH were 
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released even prepubertal ly . Therefore i t  is unlikely that the 

capacity of the ' pituitary to produce LH . is a fac tor l imit ing to the 

onset of puberty . 

Though many potent ial _applications for GnRH in animal produc t ion 

have been s uggested (Convey , 19 7 3 ;  Hof fman et  al . ,  1 9 7 5 )  ( S ee Chapter 

1 ,  p 10 ) ,  long term e f fects o f  the hormone are l imited by its short 

half-li fe , the short hal f-lives o f  the hormones ul tima tely s ecre ted 

following i t s  administra t ion , and the non-availability o f  slow-release 

formulat ions . However ,  po tentially advantageous applicat ions of 

GnRH have recently been indicated by Schanbacher and Lunstra ( 19 7 7 )  

who reported increased t estosterone levels i n  plasma , grea ter mat ing 

ac tivity , and increased testis s iz e  and semen quality following twice­

daily inj e c t ions o f  this hormone during the non-breeding season . 

It  is  pertinent to  no te that weekly administrat ion o f  GnRH did 

not sign i ficantly in fluence any of the parame ters studied in Experiment 

3 . 2 ,  thus invest igations using weekly or less frequent doses of GnRH 

may be performed without permanently influenc ing such parame ters . 

Repeated use o f  the same individual s  in longitudinal s tudies such as 

Experiment 3 . 2  and 3 . 3  would have simplified the experimental 

designs cons iderably . 

4 .  SEXUAL MATURATION IN RAMS 

Though some earlier s tudies with rams have involved hormone 

measurement s  (Lindner , 1 9 6 1 ;  Skinner et al . ,  1 968) , i t  was not unt il 

recent ly that plasma hormone pro f iles during puberty have been 

recorded (Crim and Geschwind , 1 9 7 2a ,�; Galloway and Pel l e t ier , 1 9 74 ? 

Sanford , 1 9 74 ; Cotta e t  al . ,  1 9 7 5 ; Couro t et  al . ,  1975 ; Ravaul t and 

Courot ,  1 9 7 5 ; Le e et al . ,  19 76�, b ) . No endocrine stud ies o f  

d eveloping Rornney rams have yet b een reported , while few previous 

authors have attempted to relate reproduct ive organ development to  

p lasma hormone levels . 

Hormonal changes delineated by this investigation dur ing sexual 

matura tion in rams can be summarized : 

- Basal LH concen trat ions increased unt il approxima tely s ix weeks 

o f  age , and generally decreased during the period of most rap id 

t e s t icul ar deve lopment  ( 1 0- 1 8  weeks ) .  

- LH secretion was pulsatile and indistinguishable f rom that o f  

the adul t .  
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- Pituitary LH output in response to single inj ect ions o f  GnRH 

decreased from 6 to 32 weeks o f  age , but fol lowing repeated inj ections , 

output of LH was greatest during the pub ertal phase ( 14 weeks ) .  

- The t ime o f  occurrence o f  LH peaks following GnRH inj ec tion 

was de layed as s exual ma turat ion progres sed . 

- Basal plasma testosterone concentrat ions increased s teadily from 

the day of b ir th . 

- Tes tosterone levels rose following each LH spike at age 14 weeks 

and old er ,  but in younger rams not all LH sp ikes were succeeded by 

testosterone elevations . 

- Quantita tive relat ionsh ips between LH sp ikes and testosterone 

peaks were estab l i shed by 14 weeks of age . 

- Testosterone output following both single and repeated 

inj ect ions of GnRH increased as puber ty progres sed . 

- Basal plasma prolac tin level s  followed a pattern similar to 

the seasonal pat tern observed in adul ts . 

Complementary f indings of others can be summarized : 

- Ba sal LH concentrat ions increased until approximately 70 days 

then d ecreased (Couro t ,  1 9 74 ; Courot et al . ,  1975) . 

- Basal tes tos terone levels increased stead ily during pub erty 

(Courot ,  19 74 ; Couro t et  al . ,  1975 ; Lee et  al . ,  1976�) 

- Pitui tary content o f  LH increased until 70 - 100 days and 

remained cons tant thereafter ( Skinner e t  al . , 1968 ; Couro t et al . ,  

1 9 7 5 ) . 

- Gonadal tes tos terone content ( Skinner et  al . ,  1968)  and Leydig 

cel l numbers ( Saps ford , 1962)  increased with testis growth . 

- Pituitary LH output in response t o  high doses o f  GnRH 

increased from weeks 1 to 20 ( Galloway and Pelletier , 1974) . 

- FSH concen t ra tions increased in parallel wi th LH levels during 

the first few weeks of life  ( Lee et al . ,  1976�) . 

- Both gonado trophins are essential for pubertal test icular 

developmen t in the ram ( Couro t ,  1967) . 

An important supplemen tary observa t ion was tha t numbers o f  Leydig 

cell receptors increased under the infl uence of FSH in ra ts , and 

tha t p rolactin and growth hormone may augumen t  the activities o f  

this gonado trophin (Odell and Swerdlo ff , 1976) . 

Thus the following model outlining the major endocrine event s  

o f  puberty in rams is  suggested : 
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An early increase in both LH and FSH output probably provides 

the basis for the onset o f  tes t icular development . The greater output 

of gonadotrophins prob ably results from the increase in volume of 

pituitary secre tory t issue which occurs up to approxima tely 98 days 

(Skinner et a� , 1 9 6 8 ) , and pos s ibly as a result of gonado troph receptor 

forma tion enhanced by GnRH (GnRH may s t imulate gonado troph receptors 

in a manner s imilar to FSH stimulat ion o f  Leydig cell receptors ) . 

Gonadot rophins stimula te Leydig c ell s tero idogenesis and recep tor 

formation , pos s ibly with the aid of prolac tin and growth hormone . 

Deve lopmen t o f  an adequate Leyd ig cell receptor population may be the 

factor responsib le for the establishment of regular and quant itat ive 

testosterone output in res portse  to episodic LH eleva t ions as puberty 

progres ses , as the sma l l  numbers o f  receptors present prepubertally 

may b e  incapable of d irec t responses to episodic LH spikes . To gether 

with th is, the Leydig cell s tero idogenic mechanisms may be promo ted by 

the gonado trophins . Henc e ,  under pituitary hormonal inf luences , the 

quantity of Leydig cells and LH recep tors increase and increased 

testosterone produc tion and gonadal growth and development ensues . 

Increased testosterone output , despite fal l ing LH output poss ibly is 

the result of . increased Leydig cell and recep tor numb ers or recep tor 

and s t ero idogenic act ivity . The fall in LH output and delays in 

responses to GnRH were probably due to increasing steroid negative 

feedback activity upon the pituitary gland and possibly the 

hypothalamus . 

The role of the hypothalamus in initiation of sexual ma turation 

is open to conj ec ture , al though it is t emp ting to speculate that 

inc reasing output o f  GnRH may be the cause o f  bo th the increased 

pitui tary LH content and gonado trophin output . Probabl y  the 

hypo thalamus is respons ible for pulsatile pituitary LH output , a 

charac teristic of LH secretion at  all ages studied . Earlier theories 

regarding al tered sensitivities of the hypo thalamus to s teroids 

during the process o f  puberty ( Smith and Davidson , 196 7 )  are now being 

ques tioned in l ight of proposed Leydig cell r eceptor changes during 

sexual ma turat ion (Odell and Swerdlof f ,  1 9 7 6 ) . Whatever its role 

in the onset of puberty , the hypo thalamus is essential for the 

main tenance of pituitary func t ion , and only further experimentat ion 

includ ing mea suremen t of hypothalamic and portal vessel GnRH following 

art i f ic ially manipulated stero id level s  in vivo , further s tudy o f  
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hypo thalamic f eedback receptor dynamics in vitro , and in vivo 

hypo thalamic les ion stud ies will yield answers as to its  func t ions 

during puber ty . 

The establishment o f  spermatogenesis is the culmina t ion of the 

series of event s described , though the prec ise phys iological ac t ivity 

of each hormone discussed remains to be eluc idated . Study of systems 

subj ect to synergis tic hormonal influenc es is difficult since deletion 

of one hormone may ob scure the activit ies of its synergis ts . 

Quantitative s tudies of Leydig cell numbers and receptor format ion , 

and in vitro stud ies of s tero idogenes is of testes removed at intervals 

prior to and during puberty after art i f icial modification o f  plasma 

LH , FSH , prolac t in ,  growth hormone and testos terone levels in vivo , 

would provide further info rma tion about cellular changes modula ted by 

ind ividual or groups of hormones during sexual ma turat ion . Similar 

s t ud ies on sex c ord and seminiferous tubule elements and pituitary 

endo crine cells would also aid clar i f ication of the endocrine involve­

ment in ma t urat ion of these components o f  the developing reproduc t ive 

sys tem . Immunohistochemical and autorad iographic techniques would b e  

useful for recep tor locat ion and quant i fica t ion . Thus further 

knowledge of fac tors associa ted with sexual maturation requires 

in tens ive inves t igat ions at  bo th cellular and sub-cellular levels . 

The demons tra tion tha t prolac t in may aid the development of 

Leyd ig cell re ceptors , together with LH , FSH and growth hormone 

( Odell and Swerd lof f ,  1 9 76) , was a s ignificant developmen t in the 

elucidation o f  fac tors imp l icated in the onset o f  pub erty . Evidence 

from Experiment 3 . 2 ,  comb ined with f indings of Ravault and Courot ( 19 75 ) , 

s t rongly sugges ted a role fo r pro lac t in in puberty in rams . In spring 

born rams , photoperiod ic induc t ion of higher prolac t in concentrations 

in plasma earl ier than ob served in autumn born rams , may be an 

adaptation for the rapid onset of sperma togenesis prior to the first 

b reeding season . S tudies invo lving manipulation of daily pho toperiod , 

a s  discus sed earlier , should provide a better unders tanding of the 

integration o f  pho toperiod with plasma prolac t in levels during puberty . 

Desp i t e  the emphasis on hormonal factors in the proposed concept 

of event s  during sexua l  ma turation , direct attempts to relate 

ana tomical and func tional development of the reproduc t ive sys tem to 

changes in o utput of these hormones were no t al together s ucces sful . 
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No maj or index o f  development could b e  ach ieved by examining basal 

ho rmone levels ( Experiment 3) al though some pa rame ters ( testis and 

e p i d i dyma l we ights and epididymal spermatozoal reserves )  were 

corr e l a ted with the increas ing testos terone output fol lowing GnRH 

i nj e c t ion . The inability to relate ana tomical development to endocrine 

change s  probably was att ributabl e  to the requirements for long term 

expos ure to the hormone for sustained organ growth and matura tional 

change s . For example , the ris ing levels of LH during the f irst six 

weeks o f  l i fe in  ram lamb s may be respon s ib l e  for  the maj o r  test icular 

changes which occur at 6 - 18 weeks of age . Abolition of  the early LH 

rise by pharmacological means or perhaps by use of spec i f ic ant isera 

aga ins t LH , may prec lude puber tal tes ticular development .  Inability 

to  relate hormone l evels to spermatogenes is has been noted in  o ther 

studies  (Lunenfield and Weiss enberg, 19 7 2 ;  Paulsen et al . ,  1 9 7 2 ) , 

though de Kre tser e t  al . ( 19 74 )  reported co rrelat ion between FSH l evels 

and spermatogon ia , primary spe rma tocyte and s permatid numbers in men . 

The present s tudy was rest ricted by the non-availab il i ty o f  a 

radio immmoassay for FSH as it  is  known that this hormone fulf ils a 

vi tal role in the init iat ion o f  sp ermatogenesis (Couro t ,  196 7 ) . However 

the experiments des igned for this thes is have provided cons iderabl e  

informa t ion about puberty , but upon complet ion of  these experiments , 

improvements can be suggested . For a study of puberty , the 

availab ility of a more homogenous popula t io n  of experimental animals 

is des irab le .  Animals used in Experiment 3 . 2  were born over a 4 week 

period and bo th twins and s ingle tons had to be used since res tric ted 

numbers were ava ilable . Thus complicat ions arose in an experimental 

des ign based on random selec t ion for a s tudy of  changes occurring wi th 

age . 

Wide varia t ions in body weights were encountered a t  each age , a 

prob l em wh ich was compounded by a drought and feed shortage during the 

study, and which o f t en was reflec ted by large variations in testicular 

histological appearance in animals of  the s ame age . Use of  randomly 

selec ted animals as controls for t reated groups cons i s t ing of animals 

samp l ed at each �ge (Expe rimen ts 3 . 2  and 5 . 1 ) may have influenced 

compar isons be tween control and treated animals . However , the 

var iance of hormone levels · wi thin individuals was s imilar to the 

variance ob served b etween animals as a resul t of pulsat ile hormone 

output , hence this prob lem was of minimal impor tanc e . Longitudinal 
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st ud ies on the same control animals would have been advantageous in 

determin ing ho rmone pro f i les within ind ividua ls , but use of randomly 

selec ted an ima l s  at each age possessed the advantage tha t resul ts 

represented an estima te o f  the change in hormone concentrat ions in a 

larger populat ion rather than in a sma l l  selec ted sample populat ion in 

which progressive hormone l evels may have been correlated . However ,  

despite pos s ible improvemen ts to the experimental design employed , 

these s tud ies have produced resul t s  which corre spond closely with 

ob servations of o thers , and have grea tly assis ted the formulation 

of a model of endocrine events during sexual matura tion . in the ram . 

Wha tever the mechanism governing the process of sexual maturat ion , 

the recent word s o f  Ode l l  and Swerdloff ( 19 76 )  highlighted the cur rent 

s tatus of understanding of factors controll ing the onset of puberty" • • •  

the physiological event s  responsible for sexual maturat ion remain 

poorly understood in spite of considerable invest igat ion and exten sive 

speculation" . 

5 .  HORMONAL MODIFICATION OF ENDOCRINE PATTERNS DURING SEXUAL 

MATURATION 

Al though andro gens are ab le to maintain spermatogenes is in the 

hypophysec tomised adult (Lunenfield and Weissenberg , 197 2 ) , regular 

administrat ion of testo s terone to prepubertal and pubertal rams 

suppressed gonadal deve lopment and function ( Experiment 3 . 2 ) . 

Tes tos terone strongly inhibited FSH output in young rams ( Cr im and 

Geschwind , 1 9 7 2�) and this possibly resulted in diminished synthesis 

o f  Leydig cell receptors ( Odell and Swerdlo f f ,  1976)  thus l imit ing 

tes tos terone synthesis and release , testicular growth and associated 

spermatozoal produc t ion . The apparent total suppression o f  gonadal 

development in one sub j ec t  is difficul t t o  explain in view of the only 

partial suppression ob served in three other rams which underwent the 

same treatment . 

It has been claimed that GnRH o f fered a potent ial aid to 

advancement o f  puber ty in domestic animals (Convey , 1 9 7 3) s ince this 

hormone resul ted in the release o f  both LH and FSH from the pituitary 

gland ( Schally et al . ,  1 9 7 2�) . However , adult ( Pelletier , 19 76 ; 

Sanford et  al . ,  1 9 7 6 )  and prepub ertal rams (Lee et al . ,  1 9 76b) showed 

a variab le output of FSH following GnRH inj ec t ion ; this fac t ,  toge ther 
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with the short half-l ives o f  LH , FSH and testo s terone , probab ly 

was responsible for the failure o f  weekly inj ect ions of GnRH to produce 

any detec tab l e  alteration in the course of sexual ma tura t ion 

( Experimen t 3 . 2 ) . However ,  Schanbache r and Lunstra ( 1 9 7 7 )  have 

reported improve d reproductive performance in rams after f requent 

adminis tra tion of GnRH ( see p 203) ,  thus further invest igat ions into 

the us e of this hormone in the acceleration of puberty in rams are 

wa rrant ed . Development o f  slow-release formula t ions of GnRH may b e  a 

key developmen t required for such experiments . 

Invest igations into the role o f  prolactin d uring puberty by 

me thods discus sed ear l i er in this chapter are ind icated in view of 

re por ts tha t this ho rmone may ac t synergi s t ically with othe r hormones 

such as growth hormone to promo te testost erone produc t ion (Odell and 

Swerdlof f ,  1 9 76 ) , and in view of the f indings relating to prolac t in 

in rams in this s tudy and by o thers ( Ravaul t  and Couro t ,  1 9 76 ; Barrell , 

19 76) . Ultima tely , hormonal manipulat ion o f  puberty may involve the 

use of a number of hormones which possess synergi stic activities in 

promot ing va r ious aspects of test icular d evelopment . 

Enrly p rena t a l  administra t ion o f  tes tos terone to ewes ha s been 

shown to depress postna tal plasma LH levels  in female o f f spring , and 

bo th LH and tes tosterone secret ion in ma le o f f s pring ( Exper imen t 5) . 

These results suggested that exposure to andro gen res tric ted the la ter 

ab il ity of the hypo thal amus to pro duc e GnRH and ultima tely induce LH 

re lease , and indicated the l ikely importance o f  the hypo thalamus in 

modulat ion o f  sexual d evelopment . S ince LH l evel s  were suppressed , 

i t  could b e  postulated tha t FSH output may also have been depressed, 

s ince GnRH induced output of both gonadotrophins to some extent . 

This of fers a plausib le explana t ion for dep ressed testosterone out put 

s ince lack of FSH may inhibit Leydig cell receptor forma t ion (Odell 

and Swedlof f ,  1 9 7 6 ) , and it was l ikely tha t pubertal development in 

p rena tally androgenized subj ects would have b een delayed a s  a result . 

Comb ined with evidence f rom o ther authors (Short ,  1 9 74 ;  Clarke 

et al . ,  1 9 7 6 )  Exper iment 5 has con firmed that external ana tomical 

sexual d i f f erent iat ion in sheep occurred between days 40 and 50 of 

gestat ion . A s tudy us ing prec isely timed administrat ion of a 

t estosterone prepara t ion with a known dura tion o f  act ion , to large 

numbers o f  pregnan t ewes followed by behavioural and endocrine studies 
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a f ter puberty are needed to d etermine accurately the timing of 

hypo thalamlc d i f fe ren t i a t ion in sheep . Investiga t ion of the ab i l i t y of 

o ther s teroids  such as  oestro gens and pro gesterone to mod ify sexual 

developmen t is a logical extens ion of this s tudy , while fur ther s tud ies 

also are requi red to verify the depress ion of LH and testosterone in 

offsp ring which was ob served in Experiment 5 . 1 .  

Though prenatal androgenizat ion does no t have immediate practical 

appl ications to the sheep indus try ,  this technique offers a use ful 

tool for s tud ies of interac t ions be tween the gene tic sex and the 

hormonal envi ronment ,  and may prove a useful model for endocrine­

rela t ed congeni tal ana tomical abnorma l i t ies , as well as aberrent 

b ehaviour syndromes in man . By caus ing anatomical and behavioural 

abnormalitie s , andro gen izat ion may prove to be a use ful method for 

the b iological control or eradicat ion of f eral and noxious animal s ,  

provided the s t eroid can b e  given successfully by the oral route . 

6 .  POSS IBLE APPLICATIONS OF THE FINDINGS OF THE PRESENT STUDY 

Fundamental research providing a basic under s tanding of  the 

long and short- term pa t terns of secret ion of  reproduc tive ho rmones 

is a prerequi s i t e  for determina t ion of  po ssible applications of hormones 

and hormone measurement s  for diagno s is of the causes of reproduc tive 

abnormalit ies such as anoestrus or aspermi a ,  cl inical treatment of  

reproduc tive disorder s ,  d e termina t ion o f  the physiological role of  

hormones , es tablishment o f  neuroendocrine control concept s ,  and the 

dis covery of fur ther conc epts for ho rmone uses and hormone measurements . 

Thi s  study has highl igh ted prob lems of  interpretat ion of  data from 

hormones sec reted in a pulsatile fashion and which may be inf luenced 

by fac tors incl uding age , season and s t ress . The establishment of 

cons iderab le fundamental data which may be applied to the future use 

of hormones and their measurement is  a major po ten t ial benef i t  of  the 

experiments undertaken for this thesi s .  

The advancement o f  the onset o f  puberty could have many 

advantages part icularly in terms of efficient utilization of ram lamb s 

as sires . Al though good nutri t ion is imperative to the early 

a t tainment of  puber t y ,  and al though ram lamb s often can be used to a 

l imited capac ity as s i res , endocrine ac celera t ion of the a t tainment 

o f  satis fac tory semen output and possibly l ib i do ,  would enhance the 
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use of rams early in life , thus accelerating the progress o f  breeding 

and selection pro grammes . This s tudy has provided a basis upon which 

to design experimen ts to test compounds for thi s purpose , and in 

particular has provided a basic understanding of the physiological 

ac tions of and responses to GnRH , a hormone which has shown promise in 

enhancing reproduc tive parameters in rams . 

Hormone measurements may prove useful for purposes o f  selec tion 

of an ima l s  for reproduc tive parameters . Further investiga t ions may 

yield relat ionships between hormone levels and f ertility and fecundity 

po tential of rams (Carr and Land , 19 7 5 ) , and may eventually enab le the 

pred ict ion o f  reproduc t ive t raits  later in l i fe , hence f avouring early 

selection and preferential managemental procedures . GnRH may prove 

useful in t e s t s  of pituitary and gonadal func t ion for these purposes . 

Find ings f rom this thesis may also prove useful in other domestic 

species such as pigs and cattle used in commercial farming enterprises , 

and in the human . 

This s t udy proposes further areas of research invo lv ing : the 

ro le of pro lactin in reproduc t ive d evelopment and seasonality in rams ; 

physiological studies designed to eluc idate the caus e o f  and reasons 

for pulsatile secretion of hormones ; the use of hormones and ho rmone 

measurement s  as diagnos t ic and therepeut ic aids in dome s t ic animal 

reproduc tion ; and the elucida t ion of cellular and sub cel lular changes 

which occur during the process of sexual maturation in rams . Al though 

this research has no t yielded information of d irect and immediate 

practical b enefit to the agricul tural indus t ry ,  i t  has provided a 

foundat ion of knowledge about the output o f  three hormones o f  

impor tance i n  the ram upon which an understanding of the abi l ity o f  

the animal t o  produce sperma to zoa can b e  const ructed . 
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