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ABSTRACT 

STUDIES ON PUBERTAL DEVELOPMENT IN BOARS 

AND RAMS: EFFECTS OF HEtHCASTRATION AND 

ARTIFICIAL CRYPTORCHIDISM ON HORMONE SECRETORY 

PATTERNS AND DEVELOPMENT OF REPRODUCTIVE ORGANS 

by VIJITHA YASASEE KURUWITA 

Experiments described in this thesis were designed to 

reinvestigate longitudinal patterns of secretion of LH and 

testosterone in boars and rams; also to determine the 

effects of hemicastration of boars and the effects of 

hemicastration and artificially induced cryptorchidism of 

rams on longitudinal and acute hormone secretion patterns, 

( i i) 

as well as some parameters of reproductive organ development. 

Plasma LH and testosterone levels of spring and 

autumn born Large White x Landrace boars were relatively 

high at birth, but declined from about the 4th postnatal 

week. Autumn born boars showed a distinct prepubertal 

LH peak, but in spring born animals there was no such peak. 

LH concentrations of barrows were high throughout the period 

of study. Plasma testosterone levels were low between 4 and 

12 weeks of age then increased progressively until the end 

of study. Season of birth had little influence on the 

longitudinal profiles of secretion of either hormone. 

Intensive bleeding experiments with entire and hemicast­

rated boars confirmed that LH and testosterone were secreted 

in a pulsatile manner; hemicastration had no significant 

effect on pulsatile secretion, mean hormonal concentrations, 

nor LH or testosterone responses following injection of 

GnRH. On the other hand, while LH responses to GnRH 

administration were not affected by advancing age, the 

subsequent testosterone output increased with sexual 

maturation. 



Compensatory hypertrophy in testicular and epididymal 

weights and in seminiferous tubular diameters was noted 

(iii) 

in organs recovered from hemicastrates. However, qualitative 

histological analyses of testicular samples revealed that 

the cellular changes observed in all animals were of 

maturational nature and entirely age-related. From these 

observations it was concluded that hemicastration of 

developing boars did not result in any acceleration of the 

onset of spermatogenesis nor any advancement of puberty. 

In ram laiT�s LH concentrations were low at birth, 

increased to peak levels at around 10 weeks of age, then 

declined to low values between 16 and 3 0  weeks of age when 

the experiment ended. In contrast plasma testosterone 

values were low at birth but increased steadily, particularly 

from about 18 weeks of age. 

Mean LH and testosterone concentrations recorded from 

longitudinal, acute profile and pre-GnRH plasma samples 

of hemicastrated ram lambs confirmed the observations 

recorded from hemicastrated boars that the remaining testes 

were capable of secreting near normal quantities of 

testosterone and hence maintaining vlLtuctlly unchanged 
plasma LH levels. On the other hand, a transient but 

significant increase in plasma FSH levels was detected 

following hemicastration of ram lambs. Conversely, crypt-

orchidism caused an elevation of LH and FSH secretion 

throughout the period of study. Neither surgical treatment 

had any influence on longitudinal or acute prolactin or 

testosterone secretory patterns. Mean plasma prolactin 

levels recorded from all animals were high initially then 

declined steadily throughout the period of study. That 

decline in prolactin levels coincided with the seasonal 

decrease in daily photoperiod. Plasma testosterone levels 

recorded from all three treatment groups increased steadily 

from birth to reach peak concentrations at 3 0  weeks of 

age. 



Short term profile studies with entires, hemicastrates 

and cryptorchids confirmed the episodic mode of secretion of 

LH, prolactin and testosterone, and to less extent FSH. 

Hemicastration had no significant effect on episodic 

secretion of any of these hormones. Cryptorchidism caused 

a significant increase in number of LH peaks and a decrease 

in number of testosterone peaks, but had no effect on 

patterns of prolactin or testosterone secretion. 

GnRH administration caused an increase in plasma LH, 

FSH and testosterone secretion in entires and responses were 

unaffected by hemicastration. However, exaggerated 

gonadotrophin responses were noted from cryptorchids, while 

the testosterone responses recorded from these animals 

tended to be lower (but not significantly so) than those of 

entires and hemicastrates. I1ean plasma gonadotrophin levels 

recorded from each group were reduced by testosterone 

propionate pre-treatment; that result gave support to the 

concept that hypoandrogenism may have been the major reason 

for the elevation of plasma LH levels in cryptorchids. 

While total LH responses declined with age and maximal FSH 

responses of all three treatment groups were noted at 

2 4  weeks of age, testosterone responses increased with 

sexual maturation. 

Testicular and epididymal weights and seminiferous 

tubular diameter data obtained from hemicastrate rams 

confirmed that this treatment resulted in compensatory 

hypertrophy of the remaining organs. As recorded from 

hemicastrated boars there was no major alteration in cell 

populations of the germinal epithelium or Leydig cells. 

The changes observed were entirely of a maturational 

nature and age-related. Testes and epididymides obtained 

from cryptorchids showed no increase in weight during the 

experiment and thus were smaller than those of age-matched 

entires. It was apparent that intra-abdominal temperature 

prevented normal development of these organs. Qualitative 

histological examination showed that there was complete 

arrest of all maturational changes, both in the germinal 
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epithelium and interstitial tissue of cryptorchid testes. 

On the basis of hormonal and organ data obtained from 

experiments described in this thesis it was concluded that 

LH, FSH and possibly testosterone were responsible for 

compensatory hypertrophy of the remaining testes of 

hemicastrates. The transient elevation of plasma FSH 

levels which occurred following this treatment probably 

was due to an overall decrease in production of testicular 

inhibin, the major regulator of FSH secretion. Presumably 

the remaining testis subsequently produced sufficient 

inhibin to reduce FSH secretion back to normal levels. 

These observations add weight to the hypothesis that 

following hemicastration, the compensatory increase in 

testicular androgen secretion occurs more rapidly than does 

the increase in rate of secretion of FSH inhibitory products. 

In contrast the increased secretion of LH and FSH in the 

cryptorchids resulted from reduced testicular production 

of androgens and inhibin, respectively. Those changes in 

testicular secretion persist throughout the period of 

cryptorchidism. 
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CHAPTER I 

I NTRODUCT ION 

O f  the kn own several thou s and spec ies of mammal s ,  

reproduct ive b i ol ogy has been s tud ied inten s ively in l e s s  

than t wenty f ive ,  including roden t s , rabbi t s , p r imat e s , 

f arm an imal s , and a fe w marsup i al s . 

An imal s which  h ave been d ome s t i c ated by man t o  me et h i s  

needs f or f ood , c l othing , t r an sport an d compan i onship  

i n c l ude c at t l e , sheep , goat s , p i gs ,  hor s es , c at s , d og s  and 

p oultry . Though the pr oce s s  of d ome s t i c at i on h as been 

g oing on f or centuries , these an imal s show c on s iderable  

var i at i ons wi t h  re spect t o  such  reproductive phen omena as 

ge s t at i on l ength , s exual cyc l e , s e xual seas on ,  l i t ter s i z e 

and l actat i on pe r i od .  H owever t h e s e  v ar iat i ons ar e l e s s 

ev ident in d omes t i c ated than i n  wi ld spec i e s  and l e s s  

marked i n  t r op i c al c omp ared t o  tempe rate z ones ( H afe z , 

19 7 5 ) . 

Survival of a spec ies  depe nds on the ab i l i ty of 

i ndividual an imal s t o  reproduc e .  Attainment of the 

l. 

c apac ity t o  reproduce usual l y  i s  reached af ter a t r ans i t i onal 

phas e  i n  deve l opment be t ween sexual immatur i ty and 
adulthood . The b i ol og i c al pr oce s s e s  of growth and matur­

at i on wh i ch make up thi s deve l opmental phas e c on s t i tute 

pubertal deve l opment . 

Pube rty i s  t he per i od of ad olescence when a mal e  or 

femal e f ir s t  becomes ab le t o  produce g amet e s . Occurrence 

of the f i r s t  ovul at i on or oe strus  ind i c ates that the femal e  

h as reac hed puberty , whi le i t  i s  more dif f i c u l t  t o  determine 

the exac t  t ime of puberty i n  mal e s .  The appear ance of 

f i r s t  spermat oz oa i s  a cr i ter i on c ommon ly used f or determin­

i ng puberty i n  mal e s  (Asdel l ,  1 9 6 4 ) . 

Puberty i s  i n i t i ated i n  the brain but med i ated and 

e f fected by a var i ety of hormon e s , i n  a complex s e r i e s  of 

neuroendoc r i ne changes  whi ch s t i l l  are incomp l e t e l y  under-



stood ( Donovan and v an der Wer f f  ten Bosch , 1 9 6 5 ) . 

Thi s  review o f  l it e rature i s  conce rned pr imar i l y  with 

the current concep t s  o f  reproduc tive phy s io logy and 

endocrino l ogy o f  t he mal e , with spec i al re fe rence to r ams 

and boar s . The r e sp ec t ive roles o f  the hypothal amus , 

r e l e as ing hormone s ,  ant erior pituitary hormone s  and 

gonad al hormones , i n  r e l at ion to pubert al proces se s , wi l l  

b e  d i scu s s ed . 

1 .  Neuroendocr ine Control o f  Reproduction 

In  1 9 3 2  Moore and P r i c e  po stulated a new concept o f  

hormonal interactio n s  i nvo l ving the pituitar y  g l and and 

gonad s . Th i s  concept i nvo lved hypophy seal c ontrol o f  the 

gonads and recipro c al gon ad al cont rol of  t he hypophy s i s . 

However the authors  f ai l ed to recogn i s e  any hypo thal amic 

invo lvement . 

Later Green and H ar r i s  ( 1 9 4 7) demon strat ed the 

hypothal amo-pitui t ary portal v as cul ar l i nk and repo rted the 

d i rection of blood f low as being towards the p i tuitary . 

H arr i s  and Jacobsohn ( 1 9 5 2 )  per formed pitu i t ary graft 

s t udie s and estab l i shed that secretion of anterior pituitary 

hormone s was unde r hypo thal amic contro l , me d i ated by 

f actors t r ansported v i a  the hypothal amo -hypophy seal por t al 

system .  

2 . 

Lu teini s ing h o rmone (LH ) r e l e as i ng act ivity o f  crude 

hypothal amic extr ac t s  was f i rst descr ibed by McCann et  al . ( 1 9 6 0) 
wh i l e  evidence for f o l l icu l ar s t imu l at ing hormone releas ing 

act ivity of t he hypot h al amus was descr ibed by Igarashi 

and McCann ( 1 9 6 4 ) . 

( a) Anatomy o f  the Hypothal amu s 

The anatomy o f  the  hypothal amu s h as been reviewed by 

Donovan ( 1 9 7 0 )  and J o s eph and Kn igge ( 1 9 7 8 )  . I t  cons i s t s  

o f  the ventral por t ion o f  the d iencephalon with i t s  anter ior 

border marked by the r o s t r al edge of the opt i c  chiasma and 

i t s  po s t e r io r  borde r by t he c aud al t ip s  o f  the mammi l l ary 

bodie s ( Everett ,  1 9 7 8 ) . 



The adul t hypothal amu s i s  c haracter i s ed by a di f fuse  

array of  nerve ce l l s  among wh ich some are s u f f ic iently 

ag greg ated to be recogni zed anatomical ly as nuc l e i . I n  

gener al t he borders  o f  the s e  nuc l e i  are i l l  de f i ned , showing 

only g r adual t r an s i tion s  to re lat ively cel l poor zones . 

I n  in s t ances where there i s  no mar ked ag greg at ion o f  ce l l s  

the exp r e s s ion ' area '  i s  pre ferred . The f i n e  s tructure 

of the r at hypothal amu s h as been detai l ed by Clemment i and 

Cecere l l i  ( 1 9 7 0 ) . 

3 . 

The anter ior hypothal amic are a  (AHA ) contai n s  the 

anter ior and supr achi asmat i c  nuc l e i  ( S C N) , whi l e  med i al ' b as al 

hypothal amu s (MBH ) con s i s t s  o f  the arc u ate nucleus and 

ventromed i al nuc leus  (VMN) . An atomical dat a  reg arding the 

hypoth al amic areas whi ch regu l ate gonado troph in secretion 

mainly c ome s from inten s ive s tud i e s  done in  the rat . Acco rd­

ing to t he "dual con tro l "  hypothe s i s  two s ep arate reg ion s o f  

the hyp o thal amu s control the ton i c  and cyc l i c  secretion o f  

gonadot roph ins ( Gorski , 1 9 7 1 ; Sharp and Fras e r , 1 9 7 8 ) . The 

preopt i c  are a  (POA )  and AHA h ave been s hown by surg ical 

i so l at ion s tudies  ( Hal as z  and Gorsk i , 1 9 6 7 ) to be spec i f i c al l y 

invo l ve d  in  regul at ing ovul at ion o f  female r at s  ( and 

hence c yc l i c gonadot roph in secretion ) . However , s imi l ar 

s tud i e s  per formed on rhe sus  monke ys ( Knobi l , 1 9 7 4 ) have 

s hown t h at ovul at ory cyc l e s  continue despite surg i c al 

i so l ation  o f  t he AHA and indicate s probable spe c i e s  d i f ferences 

in  loc al i s ation of control mechan i sms . The MBH regul at e s  

tonic r e l e as e  o f  gonadotrophins  ( Donovan , 1 9 7 0 )  and i s  the 

area cons idered to contai n  s teroid neg at ive feedback 

receptors  ( David son , 1 9 7 4 ) . When surg i c al l y i s o l ated t he 

MBH i s  c ap able o f  maintai n ing normal male p i t u i t ary and 

gonad al s tructure and f un ct ion , where as it s removal abo l i s h e s  

normal s exual f unc t ion ( H al as z , 1 9 6 9 ) . Recent d at a  from 

r at s  and sheep reconf i rms the concept t h at the I·lBH i s  

invo lved i n  maintai ning tonic secret ion o f  Gonadot rophi c  

Re leas in g  Hormone ( GnRH ) ( Doman s k i  et  al . ,  1 9 8 0 ) . 

Ano ther hypothal amic are a  con s i dered t o  be import ant 

in  regul at ing gonadotrophi n  secret ion i s  t he med i an eminence 



( NE )  loc ated immed i ately do r s al to the pitui t ary g l and . I t  

i s  con s i dered t o  contain the f i nal commo n pathway for t he 

control o f  the adenohypophy s i s  and contains more enzyme s , 

neurotran smitters ( e s t abl i s hed and putat ive ) and hormon e s , 
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o f  both central and per ipheral origin , than any other region 

of the central nervous sys tem ( CNS ) ( Joseph and Knigge , 1 9 7 8 ) . 

( b )  Extra-hypot hal amic I n f luences 

The role o f  extra-hypothal amic s truc ture s in reproduct­

ion h as been revi ewed by Gorski ( 1 9 7 4 ) , Docke ( 1 9 7 6 )  and 

E l l endo r f f  ( 1 9 7 6 ) . An1ong t he struc ture s invo l ved in cont ro l 

and modul at ion o f  r eproduc t i on the mo s t  pro nounced e f f e c t s  

are exe rted b y  t he l imbic s y s t em ,  t h e  pine al g l and and t he 

o l f actory sys tem . 

The l imbic s y s tem con s i s t s  o f  two part s :  the s ubcort i c al 

and me sencephal i c  l imb ic region s . In  the former , the bas al 

amygd al a  and hippoc ampus h ave been found to be int imately  

involved in modu l at ion o f  reproduct ive func t i ons . The main 

path way s to and from the l imb ic lobe are provi ded by the 

fornix and medi al forebrai n  bundle , i n  conj unc tion with t he 

s t r i a  medu l l ari s ,  s tr i a  terminal i s  and thal amocingu l at e  

proj ections ( Donovan ,  1 9 7 0 ;  Everett , 1 9 7 8 ) . The med i al 

forebrain bundl e ,  which i s  conside red to be the maj or source 

o f  af ferent input to the hypothal amu s ,  al so i s  connected 

with the o l f ac tory appar atus , septum , amygdal a,  hippoc ampu s 

and c aud ate nuc l e i . 

( i )  Amygd al a 

The amygdal a  i s  dire c t ly conne cted to t he POA o f  the 

hypothal amu s by the s tr i a  termin al i s , which i s  p art o f  the 

forebrai n  bundle and serve s as the pr imary l ink wh i ch 

termin at e s  in the POA and AHA . In turn the amygdal a  

provide s a functional l ink from the o l fac to ry sys tem , 

h ippocampus , bas al g angl i a  and s eptum t o  the hypothal amus 

( de Groot , 1 9 6 6 ; Everett , 1 9 7 8 ) . 

Amygdaloid l e s ions  h ave been as sociated with mal e  

hypersexual ity , s emini ferous tubul ar degenerat ion and 

asper mi a  ( Donovan , 1 9 7 0 ) . The change s that o ccur i n  t he 



amy gdalo i d  nuc l e i  dur ing i n i t i at ion o f  puber ty may i nvo l ve 

deve lopmen t  o f  new receptor s i te s  and changes i n  s en s i t i v i ty 

o f  the feedback system ( D �cke , 1 9 7 6 ) . 

( i i )  H i ppo c ampus 

The s e cond mo s t  important l imb ic s truc ture which 

i n f l uence s the hypothal amu s is the hippocampu s and i t s  

maj or pathw ay t o  the hypothal amus i s  v i a  the fornix 

( Eve rett , 1 9 7 8 ) . The hippocampus appe ar s  to exert an 

inhibitory i n f l uenc e on the hypo thal amus and general ly has 

f unct ions i nve rse to those o f  amygdal a  ( Donovan , 1 9 7 0 ) . 

I n  the mal e  r at hippo c amp al st imu l at ion has been shown to 

e l i c i t  erection o f  the peni s ,  l i cking of gen i tal i a  and 
groo ming behaviour ( Donovan ,  1 9 7 0 ) . 

( i i i )  Ol f actory sys t em 

The s t r i a terminal i s  contains exten s i ve r e c i proc al 

connect i on s between the o l f actory system ,  med i al amygd al a  

and the hypothal amu s and the c lo se as soci at ion o f  the 

o l factory sys tem with l imb i c  st ruc ture s sugge st s an 
important integrat i on between the two systems i n  the 

t r an smi s s i on of o l f actory s t imu l i .  

The role o f  o l f ac tory s t imu l i  in mammal i an reproduc t ion 

h as been the subj ect of a recent review by Aron ( 1 9 7 9 ) . 

O l f actory bulbectomy o f  lower spec i e s  has been s hown to 

abo l i sh mal e s exual behaviour ( Clegg and Doyl e ,  1 9 6 7 ) , 

wh i l e  adv an cement o f  age at puberty s een i n  g i l t s  expo sed 

to bo ar s , is s aid to be med i ated by o l f actory s t imu l i  

( Thompson and S avage , 1 9 7 8 ) . 

( iv )  P ineal gl and 

The ep iphy s i s  c e rebri or pineal g l and , so n amed b e c ause  

o f  i t s  r e s emb l ance to a pineapp le or  p ine cone , h as be en the 

s ub j ect of s everal comprehen s ive reviews (Wurtman , 1 9 6 8 ; 

Re l k i n , 1 9 7 6 ;  Re i t e r ,  1 9 7 7 ) . The p in e al i s  con s i de red 

to be an act i ve l y  f un c tion ing neuroendocrine t r an sd ucer 

whi ch re sponds to phot i c  s t imul i ,  exhi b i t s  c i rc ardi an 

rhythms , and i n f l uence s the hypothal amo-p i t u i t ary-gonad al 

axi s . 
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The main innervat i on of the pineal i s  by s ympathetic 

pos t g ang l i on i c  neurons fr om the c r an i al ( s upe r i or )  cerv i c al 

gangl i a ,  wh ich enter the pineal par anchyma as the nervi 

c on ar i i , or in c ompany with  bl ood ve s se l s  ( Re i t e r , 1 9 7 7 )  

V i s u al s t imul i  wh i ch m ay i n f l uence pine al ac t iv ity 

or iginat e  in the retinae .  Impu l s e s  traver s e  the opt ic 

nerve s and eventual ly enter the hyp oth al amu s .  S ome of the s e  

f ibre �, t ogether with other ax on s f r om the SCN p as s  thr ough 

the l ateral hypothal amu s as the inferior ac c e s s ory optic 

sy stem , to the med i al terminal nuc l eus  in the tegmentoo1 of 

the midbrain . · Unident i f i ed pathway s  then proj ec t  t o  the 

upper t h orac i c  spinal c or d  f r om where the pregang l i onic  

neur on s  of  the  aut onomic nervou s  s y s tem ar i s e . From here 

f ibres  l e ave the cord and p as s  up the sympat het i c  trunk 
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t o  the c r an i al cervical g ang l i a  whe re they synapse with 

pos t - g angl i on i c  neurons (Moore and Klein , 1 9 7 4 ; Re i ter , 1 9 7 7 )  

In add i t i on a par asympathe t i c  c omp onent ar i s ing from the 

supe r i or s al i v ary nuc l e i , p r obably exi s t s  in s ome spec ie s 

( Re i te r ,  1 9 7 7 ) . 

Subs tance s h aving b ot h  pr o- and ant igon ad otroph ic 

prope r t i e s  have been i s ol at e d  f r om the pineal g l and 

( Re i t e r  et al . ,  1 9 7 8 ) . I n  add i t i on t o  the ant i g on ad otrophic 

me l at on i n  and r e l ated indol e ami nes , a pine al peptide , 

arg inine vas ot oc in , whi c h  h as s t r ong ant igon adot r oph ic 

prope rt i e s , has been iden t i f ied in the pine al g l and ( Ben s on 

and Ebel s ,  19 7 8 ;  P ave l , 1 9 7 8 ) . 

(v ) P e r iphe r al af ferent i nputs 

C opul at i on induced g on adot r ophin secre t i on and 

ovu l at i on has been demon s tr ated in c at s  and r abbi t s  ( C l egg 

and D oy l e , 1 9 6 7 ;  McDon al d , 1 9 75 ) . However , very l it t l e  

i n f ormat i on i s  avai l ab l e  a s  to t h e  r ol e  of t ac t i l e  and other 

pe riph e r a l  s t imul i  in i n f l uencing reproduct ive func t i on s  

in d omes t ic animal s .  



( c )  Hypothal amic Re leas i ng Hormone s 

Re leas ing hormone s  sec reted by the hypothalamu s have 

been t he subj e c t  of many re cent rev i ews (Va l e  et  al . ,  197 7 ; 

Scha l l y , 1 9 7 8 ;  Gui l l emi n ,  1 9 7 8 ) , but to date only three ·  

pept i d e s  with hypophy s io t rophic act ivity have been pur i f ied 

and c haracter i sed chemi cal ly . They are the t hyrotroph in 

relea s i ng hormone ( TRH ) , GnRH , and somato statin  ( Scha l l y , 

19 7 8 ) . 

( i )  Gonadotrophin re l ea s ing hormone 

a .  Chemi stry and s tructure 

GnRH i s  a decapept ide with the fol lowing ami no ac id 

sequence ( pyro ) Glu- H i s -Trp-Ser -Tyr-Gly-Leu-Arg-Pro-Gly 

( NH 2 ) (Mat suo et  al . ,  1 9 7 1 ;  Scha l ly et  al . 1 9 7 1 ) . Thi s  

stru cture , determined i n i t i a l l y  for porc ine GnRH , has  been 

con f i rmed for bovine ( Curr i e  et al . ,  1 9 7 1) a nd ovine GnRH 

( Gui l l emin , 19 7 8 ) . Re c ent work us ing spec i f ic ant i - sera 
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aga in s t  GnRH i nd i cate s that gonadot roph in secret ion i n  a 

var i e ty o f  spec i e s , i nc l ud ing rept i l e s  and b i rds , i s  

control led by pept ide s wi th amino acid  sequences  c l o s e ly 

related  or i dent ical to that o f  porc ine GnRH ( Scha l l y , 19 7 8 ) . 

b .  Synthe s i s  

S ynthe s i s  o f  GnRH i s  as sumed t o  take pl ace i n  the 

per i karya of neurone s of t he MBH and the product ion rate 
ha s been e st imated to be between 1 . 5  and 15 � g /day in man 

( Je f f coate and Hol l and , 1 9 7 4 ) . 

c .  Re l ease from s to rage s it e s  

Appropr iate neuroc hemical st imulat ion o f  t h e  ME cause s 

GnRH release  ( S harp and Fraser , 1 9 7 8 ) . The ro l e  o f  

neurotran sm i tters i n  t he release  o f  GnRH w i l l  be d i s c u s sed 

i n  detail l ater  ( see page 1 2 ) . 

d .  Metabo l i sm and excret ion 

Whi l e  i t  has been reported that pept i d e s  from the 

hypothalamu s abol i s h  the immunoreactivi ty a nd b ioac t i v i ty o f  

GnRH by spl it t i ng o f f  the C-terminal amino a c id ( Gr i f f i th s  



et a l . ,  1 9 7 4 ) , t he phy s i ol og i c a l  s ig n i f icance of s uch n on­

spec i f i c  enzyme s is  doubted (Re ic h l in et  a l . ,  1 9 7 6 ) . 

The p l a sma half  l i fe  of GnRH i n  man i s  r e l at ive l y  

short , n ot exceed i ng 4 m inute s ( Redd i ng e t  al . ,  1 9 7 3 ) , whi l e 

in r at s  (Miyach i  et  al . ,  1 9 7 3 )  and sheep ( C righton e t  a l . ,  

1 9 7 3 )  s imilarly  short ha l f  l ive s have been recorded . From 

i t s  behaviour during gel f i l trat i on Vi rkkunen et  al . ( 1 9 7 4 )  

conc l uded that GnRH wa s t r ansported a s  a free mol ec u l e  

rather than b ound to car r i e r  prote i n s . Rapid accumu l at i on 

of rad i oac t i v i ty in the l iver , p i t u i tary , k idney and 

bl adder has been observed i n  rat s f ol l owing i n j ec t i on of 

rad i oact ively l abe l l ed GnRH ( Dupon t  e t  al . ,  1 9 7 4 ) . I t  i s  

as s umed that the maj or exc ret ory p at hway i s  via the k idney s 

s ince about 9 7 %  of t ot a l  rad i oactivity  has been recovered in 

urine of men i n j ected w i th tr i t i at e d  GnRH ( Redding et al . ,  

1 9 7 3 ) . 

e .  D i str i bu t i on of GnRH in the CNS 

Reg i onal d i f ferenc e s  between sexes in the d i str ibut i on 

and degree of deve lopmen t  of GnRH pos it ive neur ones within 

the CNS h ave been seen i n  r at s  ( Ar i mura , 1 9 7 7 ) . Within the 
hypothal amus the ME , arcuate nuc l e u s , SCN and POA have been 

rep or ted to c ontain great e s t  amoun t s  of GnRH act i v i ty 

( P alkovitz  e t  a l . ,  1 9 7 4 ; S et al 6 et  a l . ,  1 9 7 5 ) . On the other 

hand n o  such ac t ivity h as been detec ted i n  the cerebe l l um or 

cerebral c ortex , but h i gh c oncentrat i ons were f ound i n  the 

pine al  (White  et al . ,  1 9 7 4 ) . The phy s i ol og i c al s i gn i f i cance 

of GnRH i n  extra-hyp otha l amic are as i s  not unde r s t ood , 
although i t  h a s  been s ugg e s t ed t hat i t  c ould i n f luence 

sexual behav i our (Dyer a nd Dyba l l , 1 9 7 4 ) . 

f .  Mec ha n i sm of act i on 

Current t h e ories  on t he mec han i s ms by wh ich GnRH exe r t s  

i t s  e f f e c t s  on g onad ot r oph in r e l e a s e  and synthe s i s  have been 

reviewed by Jut i s z  et  a l . ( 1 9 7 6 )  and Labr ie et al . ( 1 9 7 7 ; 

1 9 7 8 ) . Thes e  hyp ot he s e s  outl ine t he f ol l owing event s :  

( a )  bind ing of GnRH t o  spec i f i c  membrane receptor s ; 

( b )  t h i s  act ivate s a r ec ept or c oup l ed adenyl cyc la se 

s y s t em ;  ( c ) a denyl cycl as e  c a u s e s  the f ormat i on of cycl i c ­

adenos ine m on opha sphate ( c yc l i c  AMP ) from adenos ine t r i -
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pho sphate (ATP ) , which i s  s a id to  be modulated by a nother 

intrac e l lular enzyme , phosphodie sterase ; ( d )  cyc l i c N1P 

wh ich i s  formed cause s the r e l ease o f  Ca++ f rom c e l l  

membrane s ; ( e ) Ca++ ions are neces sary for promot ing many 

intra c e l lular enzymat i c  proce s se s ; ( f )  cyc l i c AMP a l so i s  

found to act ivate a prote i n  k inase , wh ich promotes the 

activa t i on of pho sphory l a s e  k inase part ic ipat i ng in the 

pho sphory lation proce s s . The rest  o f  the sequence o f  event s 

wh ich  l eads to re lease o f  GnRH r ema ins unc lear. Involvement 

of  t he mi crotubular and m i c ro f i l ament structur e s  in the 

relea s e  of FSH and LH from p i tui tary gonadotrophs has been 

demon s t rated by Ashok-Khar et a l . ( 1 9 7 9 ) . 

g .  GnRH ana logues and ant agon ists  

Be cause the half  l i f e  of  GnRH i s  so s hort attempt s  have 

been made to synthe s i z e  analogue s which no t only have 
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greater biologi cal potency , but a l so longer durat ions of  

act ion . Genera lly such superac t ive ana logues have been 

obta i ned by substitution o f  amino acids at po s i t ions 6 and/or 

10 of the GnRH mo lecule  ( S chally  and Coy , 1 9 7 7 ) . Succe s s f u l  

u s e  o f  one potent ana logue ( D- TRY- 6 -GnRH ) t o  i nduc e ovulat ion 

in i n f e rt i l e women wa s r eported by Canales  et a l . · ( 1 9 80 ) .  

Informat ion g a ined from t h i s  approach a l so has res ulted i n  

the d i s covery o f  potent s ynthetic  GnRH antagon i s t s  (devo i d  

of  a n y  biolo g i c a l  activity ) , wh ich compete w i t h  endogenous  

GnRH for  receptor s i tes  i n  the  p i tuitary. I t  i s  considered 

that s uc h  compound s may prove e f fect ive in the future a s  

contraceptive agents . Reports  on the use o f  such analogue s 

as contracept ive s in women h ave been pub l i s hed ( e . g .  

D- SER ( TBU ) 6 - EA1 0 -GnRH ; Bergq u i s t  e t  a l. ,  1 9 7 9 ) . 

h .  C l i n i ca l  appl icat ions f or GnRH 

Economi c  pre s sure s  on animal husbandry pr actices  have 

created demands for increa s ed r eproduc t ive e f f ic i ency o f  

farm anima l s  a nd this h a s  l ed t o  many inve s t i g ations o f  t he 

pos s ible  use o f  GnRH . Convey ( 1 9 7 3 )  sugge s ted that GnRH 

coul d  h ave potent ial u s e s  i n  advanc ing pubert y , manipu l a t io n  

of  spermatog e ne s i s  and l ibido , a n d  po s s ibly a l so in increas­

ing the quant ity o f  spermatozoa produced by a n ima l s  u sed in 



arti f i c i a l  in semination programmes . 

GnRH caused ovul a t ion in ewes (Convey , 1 9 7 3 )  but 

subs equent lutea l f unction wa s abnorma l (Hof fman et al . , 

1 9 7 5 ) . GnRH a l so ha s been u sed in the treatment o f  

reproduct ive d i sorde r s  l ike cystic ovar ian di sease  (Convey , 

1 9 7 3 ) , de layed pube rty in gi l t s  ( Edqv i s t e t  al . ,  1 9 7 8 ) 

and anoe strus in ewe s ( Pe l let ier , 1 9 7 6 ) . I t  ha s a l so been 

u sed sat i s fa c to r i l y  for inducing ovu l at ion in g i l t s  

( Baker e t  al . ,  1 9 7 3 )  and pos tpartum cows ( Fonseca e t  a l . ,  

1 9 8 0 ) . 

Re search on the use  o f  GnRH i n  t reatment o f  var ious 

reprod uct ive di sorde r s  in human ma l e s  and fema l e s  has been 

reviewed by Mort imer ( 1 9 7 7 ) . Syndrome s which apparently 

have been treated succes s f ul ly incl ude : cryptorchid i sm 

in boys , de l ayed pube rty in boy s and gir l s , i n fert il ity 1n 

men with hypogonadot r opic hypogonad i sm due to hypotha l amic 

fai lure , and anovulat ion in adult women .  

( i i )  Control of pro l actin secret ion 

1 0 .  

Hypotha lamic control o f  prol actin secret ion appe a r s  to 

be organ i z ed along evolut ionary l i n e s  such that it i s  

pr edominantly inhibitory in amphibian s , s t imu l atory i n  birds 

and both stimul a tory and inhibitory i n  mamma l s  ( Ensor , 1 9 7 8 ) . 

P rol actin secretion control  concepts have been the sub j ect 

o f  many reviews ( Horrobin , 1 9 7 3 ;  Re ichl in et a l . ,  1 9 7 6 ;  

Ensor , 1 9 7 8 ; Ne i l l , 1 9 8 0 ) . 

a .  The hypotha l amu s and prol act in o utput 

Knowledge o f  the hypothalamic nuc l e i  control l ing 

pro l ac t in secretion i s  f ragmentary . VMN and POA st imu l ation 

have been r eported variou s l y  to inc rease or  l ower the o utput 

o f  pro l a ctin (Me it e s  and Cl emen s , 1 9 7 2 ; Horrobin , 1 9 7 3 ) . 

Recent l y  Malven ( 1 9 7 5 )  produced an e l evat ion o f  prolactin out­

put i n  sheep a f t e r  a nter ior ME s t imu l ation and drop i n  p l a sma 

l eve l s  by po ster ior ME s t imul at ion , i ndicating that a t  

l e a s t  i n  t h i s  s pec i e s  the M E  probably i s  o f  pr ime impor tance 

i n  regu lat ing pro l ac t in secret ion . P ro l ac t i n  output a l so 

fol lows in vitro app l icat ion o f  hypot ha l amic extrac t s  to 



the pituitary o f  rhe sus monkey s , a result  wh ich s uppor ts  the 

concept o f  the ex i s tence o f  a pro l ac t in releas ing factor in 

addit ion to an i nhi bitory f a c tor ( Horrobin , 1 9 7 3 ) . 

Thoug h it i s  c l ear tha t  the hypotha lamu s reg u l ates  

prolac t i n  secret ion , there is  insu f f ic ient evidence to a l l ow 

conclus ions to be reached about the neurochemical mechani sms 

invo lved . 

b .  P rolact in inhibi tory factor ( P I F )  

Dopamine ( DA )  inhib i t s  the r e l ease of  prol actin when 

admin i st e red d i re ctly to the hypotha lamu s or into the third 

ventr i c l e  ( Meites  and C l emen s , 1 9 7 2 ; Re ichl i n  et a l . ,  1 9 7 6 ) . 

Further evidence in favour o f  DA being the phy s io l ogical 

inhib itor of pro l actin r e l e a s e  come s from the in vivo 

demon stra tion that DA block i ng agent s induce pro l actin 

secretion in rats  ( Oj eda e t  a l . ,  1 9 7 4 ) and sheep ( Dav i s  

and Borger , 1 9 7 3 a ) . Pre sent re search indica tes  that DA 

accounts for  the ma j or hypo tha l amic inh ibitory control o f  

prolac t in secret ion , but i t  i s  not regarded conc l u s ive ly 
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a s  the only pro l ac t in inh ib i tory fac tor from the hypotha lamus 

( Lanc ra n j an and Frie sen , 1 9 7 8 ) . 

Another neurohormone , soma tostatin , al so has been 

reported to decrease prolactin  release  in p i tuitary c e l l  

cultur e s  ( Drou in et al . ,  1 9 7 6 ) . Recent reports  o f  the 

i so l a t i on of a P I F-l ike tetra-decapept ide f rom porc ine 

hypotha lami need s f urther examin ation ( Greibrokk e t  a l . ,  

1 9 7 5 ) . 

c .  Prolact in-re l ea s ing f a c to r  ( PRF )  

P RF ,  which provides the ma j or control o f  pro lactin 

secre t i on in birds , al so has  been suggested to ex i st in 

mamma l s  ( En sor , 1 9 7 8 ) . The fact  tha t a t  pharmacological 

do ses  TRH c an s t imu late pro l a c t in r e lease is  wid e ly ac cepted 

( Chen and Me ite s , 1 9 7 5 ) . Howeve r , whether or  not it plays  

a ma j or role in the reg ulat ion o f  prolactin unde r  phy s io l ­

ogic a l  conditions  i s  s t i l l debatable . The mo st d i rect evid­

ence t hat s uppo r t s  the concept o f  a phy s iolog i c a l  r o l e  for 

TRH wa s p rovided by the demonstrat ion that admi n i strat ion 



o f  anti-TRH s erum to rats leads to a 5 0 %  decrea se i n  serum 

PRL leve l s  ( Koch et al . ,  1 9 7 7 ; N e i l l , 1 9 8 0 ) . 

( d )  Brain  Monoamines and P i tu i tary Hormone Secret ion 

( i )  Gonadot rophin s  

1 2 . 

Neuro s e c retory e l emen ts which synthe s i ze the hypo tha lamic 

hormones synap se wi th other neurons wi thin the hypotha lamus . 

Kordon et a l . ( 1 9 7  6 )  , in a review of thi s sub j ec t , stated " the 

prec i se r o l e  o f  g iven transmitters  in the regu l at ion o f  

adenohypophy s ea l  hormone s i s  s t i l l  largely controve r s ia l " .  

DA has  been reported to augment the relea se o f  FSH 

and LH when i n j ected into the th ird ventricle i n  rat s , but 

norepinephr ine or epinephr ine f a i led to produce s im i l ar 

results ( Kamberi  et al . ,  1 9 7 0 ;  1 9 7 1 ) . However ,  o ther 

inves tigators  have repo rted contrast ing re s ul t s . For 

example , S awye r  et a l . ( 1 9 7 4 )  f ound that norep inephr ine , but 

not DA , cou l d  trigger a preovu latory LH surge in fema l e  

rabbits , whi l e  Tima and Fl erko ( 1 9 7 4 )  observed s imi lar 

result s with fema l e  rats . Serotoninergic neuron s appear to 

be inhibi tory to LH release as was ind icated by the 

obs ervat ion that 5 , 6 - dihydroxytryptamine (a d rug wh ich 

destroys s eroton ingergic neurone s )  e l evated LH l evel s in 

bo th norma l and gonadectomi z ed ma le and fema l e  rats 

( Lado sky and Noronha , 1 9 7 4 ) 

( i i )  Pro l a c t i n  secr etion 

The i n f l uenc e of brain mono amines in the c ontrol of 

prolact i n  s ec ret ion ha s been the subj ect of many recent 

reviews ( Fern storm and Wurtma n , 1 9 7 7 ;  Tinda l l , 1 9 7 8 ; 

del-Pozo and Browne l l , 1 9 7 9 ; Johnathan , 1 9 8 0 ) . Data from 
these s t ud i e s  indicate that in addit ion to DA , which a lready 

ha s been me n t ioned as mo st l ik e l y  be ing P IP , noradrenal ine , 

serotoni n , acetylchol i ne a nd h i s tamine a l so can  i n f l uence 

secretion of prolactin . H i s tamine and sero tonin have been 

repor ted to be s t imul atory , acetycho l ine ma i nl y  inhibitory , 
but resu l t s  for noradrena l i ne s t i l l  appear to be  confused 

( Lancr an j a n  and Frie sen , 1 9 7 8 ) . 



( e ) Prostag l andins  

Pro s tag landins (PG ) are ubiqui tous sub s tanc e s  wh ich 

d i splay a great var i e t y  of  e f f ects  on a lmo s t  a l l  sys tems 

and func tions of the body . Al though the mechan i sms o f  the i r  

actions are not we l l  unde r s tood , PGs have been reported to 

cau s e  the r e l ease o f  gonadot rophins , probab l y  by act ing 
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at bo th hypo thalamic and pituitary l eve l s  ( Labh s etwar , 1 9 7 5 ) . 

( i )  PGs and gonado trophin secret ion 

Prostagl andins have been po stul ated to play a phys io l ­

og i c a l  ro l e  in  the hypotha lamo-pituitary control o f  

gonado troph i n  secre t ion (Harms et a l . ,  1 9 7 3 ; 1 9 7 4 ) . Th i s  

concept wa s based o n  the obs ervat ion that r e lease o f  gonado ­

trophins occurred when E ser i e s  pro stag land i n s  ( PGE 1 and 

PGE 2 ) were admini stered sy stemi c a l ly o r  directly into the 

thi rd ventr i c l e . Also  it has been reported that the potent 

PG- inh ibitor , indome tha c i n , c auses  a decrease  in  GnRH- induced 

LH release i n  rats ( O j eda et a l . ,  1 9 7 5 ) . Mo s t  worker s now 

bel i eve that activation o f  E series  PG ' s  in the brain i s  an 

obl igatory s tep in the neural mechani sms wh ich  l ead to 

r e l ea s e  o f  LH (Oj eda e t  a l . ,  1 9 7 5 ;  1 9 7 9 ) , though the exa c t  

mechan i sm o f  action i s  no t c l ear . 

2 .  Anterior P i tuitary Hormones 

The hypo tha lmo-pi tui tary portal va scu lar  system 

carr i e s  the hypothalamic r e l ea s ing and inhibit i ng factor s 

r e spon sible  for regu l a t ing anterior pituitary g l an d  

func tion . C urrent conc ept s o f  pitui tary control were the 

sub j ect of an exten s ive review by Daniel  and P r i tchard ( 1 9 7 5 ) . 

Thi s review concent ra t e s  on s truc ture , metabo l i sm and 

r egul ation o f  secretion o f  LH , FSH and prol �c t i n  onl y . 

( a )  Lute i n i s ing Hormone ( LH ) 

( i )  S truc ture and c hemi s t ry 

LH i s  a glycoprot e i n  with a mo lecu lar we ight o f  approx­

imately 3 0 , 0 0 0  and con s i s t s  o f  two d i s s imi l a r  po lypeptide 

c ha ins  de s igna ted the a and 8 chains ( Greep , 1 9 7 3 ) . Between­

spec i e s  ant igenic cros s - react i v i ty of LH mo l e c u l e s  r e s i d e s  



1n the B unit , whereas  within-spe c i e s  c ro s s -r eac t ivity 

resides  in the a un i t . The a subunit o f  LH i s  common to FSH 

and TSH , but the B chain is  hormone spec ific (Va ituk a i t i s  

e t  a l . , 1 9 7 6 ) . I n  d i s soc iated form the subunits  are  devo i d  

o f  any i ntr insic bio l ogi cal  act ivity , but when r ecomb ined 

they regain biolog i c a l  potency (Papko f f  et a l . ,  1 9 7 3 ) . The 
structure of ovine LH has been descr ibed in deta i l  by 

Papko f f  et a l . ( 1 9 7 3 )  and the struc ture of bovine LH ha s 

been shown to be very s imilar  ( P ierce et a l . ,  1 9 7 1 ) . 

( i i )  Metabo l i sm 

Various e s t ima te s o f  the ha l f  l i f e  of ovine LH have 

been r eported . Akbar et a l . ( 1 9 7 4 )  e s t imated a hal f l i fe 

o f  4 3  min 1 n  ewe s , whi l e  a hal f l i f e  o f  2 6 - 3 2  min wa s 

e s t ima t ed by de Kret ser et a l . ( 1 9 7  3 )  . In foeta l and 

prepubertal l amb s a ha l f  l i fe of about 2 6  mi n ha s been 

recorded (Foste r  e t  al . ,  1 9 7 2c ; 1 9 7 5 ) . Al though the exact 

mode of  me tabo l ic degrada t i on o f  LH is  no t known , mo s t  

rad io- l abe l l ed LH i n j ected into she ep pas s e s  through the 

rena l prox ima l convo luted tubul es , from where it is exc reted 

in the ur ine ( de Kretser e t  a l . , 1 9 7 3 ) . 

( i i i ) S i te o f  ac t ion 

The primary s i tes of action of LH in ma l e s  are the 

testic ular inter s t i t i a l  Leyd ig c e l l s  (de Kretser et a l . ,  

1 9 6 9 ; Catt et a l . ,  1 9 8 0 )  , to wh ich i t  b inds spec i f ic a l l y  

1 4 . 

and s t imu l ates  a ndrogen product ion , bo th in vivo and in v i tro 

(Mo y l e  and Ramac handran , 1 9 7 3 ; Catt et al . ,  1 9 8 0 ) . Very 

l i t t l e  or no b in d i ng o f  label led LH h a s  bee n  detected i n  

other c e l l u lar components o f  mamma l ian tes t e s  ( Hansson 

et a l . , 1 9 7 6�_) . 

( iv )  Mechan i sms o f  a c t ion 

As in the c a s e  of mo s t  protein ho rmone s ,  the f i r s t  

stage i n  the a c t ion o f  L H  invo l ves i t s  bind i ng t o  spec i f ic 

recepto r s  on the Leydig c e l l s . I t  then enhances  adeny l 

cyc l a s e  a c t iv i ty a nd the formation o f  cyc l i c  AMP ( Dorr i ng ton 

and F r i t z , 1 9 7 4 ; Catt et a l . ,  1 9 8 0 ) . Thi s  e l eva tion o f  

cyc l i c  AMP activ i ty can b e  detec ted w i thin minute s , but 

the s ub sequent te s to s terone sec retory response a lway s  i s  



de l ayed by about 15 - 2 0  min , which indicated t hat a s e r i e s  

o f  me t abo l i c  events were i nterposed between cyc l ic N1P 

format ion and the r e l e a s e  o f  testosterone i n  the te s t i s  

( Se tche l l , 1 9 7 8 ) . Detai l s  o f  these  obl igatory steps are 
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not c l ear . However ,  i t  appears  that activation of a cyc l i c  

AMP - dependent prote in k inase catalyses  the forma tion o f  

me s senger proteins , r e s u l ting in the conve r s ion of cho l e sterol 

to pregnenolone ( Hal l , 1 9 6 6 ; Sandler and Ha l l , 1 9 6 6 ) . 

( v )  Actions o f  LH i n  mal e s  

a .  Stero idogene s i s  

Te sti cular androg en format ion i s  l arge ly under the 

contro l of LH , and so f a r  there is no definite  evidence 

that any other factor d i rectly a f fects the sec ret ion o f  

androgen s ,  with the po s s ible  exception o f  r educed bl ood 

f l ow produced under exper imenta l cond i t ions ( E ik-Nes , 1 9 6 4 ) . 

The mechani sm by which LH regul ates testosterone product ion 

i s  d i scus sed more f u l l y  on page 2 0 . 

b .  Te stos terone re lea s e  

Secret ion o f  t e s to s t erone by the Leyd ig cel l s  fol lows 

administrat ion o f  LH i n  v ivo , and a l so i s  i nduced by t he 

r i s e  in endogenous LH c oncentrations which r e s u l t s  a f ter 

GnRH admin i s tration . Trophi c  e f fect s o f  LH in causing 

testo sterone re lea s e  are discussed on pages 2 0  and 3 4 . 

c .  Feedback e f fe c t s  

I t  ha s been po stula ted that L H  inhib i t s  the product ion 

and/or release  of GnRH by d i rect negat ive feedback inhibit ion 

of hypothal amic hypophy s iotrophi c  centres ( G re ep , 1 9 7 3 ) . 

Thi s topic  i s  dealt w i th more ful l y  on pag e s  2 7  and 2 8 . 

d .  Spermatogene s i s  

A no rmal ly funct ioning pituitary g l and i s  e s senti a l  

f or opt ima l spermatogen i c  activity o f  the s emini f erou s 

e p i the l i um in prepubert a l  and puberta l  ma l e  anima l s  

( St e inberger and Ducket t , 1 96 7 ) .  However , the same 

a utho r s  a l so demon strated that spermatogenes i s  in adu l t  

rats  i s  ent ire ly t e s to s terone -dependent ; the e f f ect o f  LH 



i s  ma inly via stimulat ion o f  testosterone product ion . On 

the o the r hand Courot ( 1 9 6 7 ; 1 9 7 8 )  and Courot e t  a l . ,  

( 1 9 7 0 ; 1 9 7 9 ) found tha t LH wa s e s sential for init iation and 

ma intenance of spermatogene s i s  in lamb and adu l t  rams . 

The d i f f e rent i at ion o f  gonocytes to type A spermatogon ia 

wa s reported to be under the d i rect inf luence of LH ( Courot 

et a l . , 1 9 7 9 )  and henc e t here probably are spec i e s  

d i f ferences  in endocr ine contro l o f  spermatogen e s i s . 

topic  i s  d i s c u s sed on page s 1 7  and 2 2 . 

( b )  Fo l l i c l e - S t imu lating Hormone ( FSH ) 

( i )  Struc ture and chemi s tr y  

Thi s  

F S H  i s  a g lycoprote i n  hormone for whi ch mo l ecular 

we ight e st imates ranging f rom 3 2 , 0 0 0  to 5 2 , 0 0 0  have been 

reported . Like LH it  cons i st s  of  d i s s imi lar a and 8 
subun i t s  ( Vaituk a i t i s  e t  a l . ,  1 9 7 6 ) . 

( i i )  Metabo l i sm 

The half  l i fe o f  FSH  i s  much longer than that o f  LH 

and has  been reported to be about 1 0 2  min i n  sheep (Akbar 
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et a l . , 1 9 7 4 )  and approxima t e l y  4 hr in human s  ( Coble et a l . ,  

1 9 6 9 ) . No information i s  ava i l able  regarding i t s  me t abo l i c  

pathway s .  

( i i i ) S i te o f  a ction 

I t  i s  now c learly e s tabl ished that the main s i te o f  

action o f  F S H  in the ma l e  i s  within the semin i f erous 

tubul e s  ( Means and Vaituka i t i s , 1 9 7 2 ; Bha l la and Re ichert , 

1 9 7 4 ; Cheng , 1 9 7 5 ; Mean s , 1 9 7 7 ; Means et a l . ,  1 9 8 0 ) . 

Furthe r work wi th Serto l i  c e l l -enriched tubu l e s , bot h  

i n  v i tro and in vivo , has  shown that Serto l i  ce l l s  a r e  the 

primary te sticular target c e l l s  for FSH ( Do r r ington and 
Fritz , 1 9 7 4 ; Me ans e t  a l . , 1 9 7 6 ; Dor rington and Armst rong , 

1 9 7 9 ) . 

( iv )  Mechan i sm o f  a ct i on 

Re search on mecha n i sms o f  action o f  FSH  in the t e s t e s  

ha s b e e n  reviewed b y  Dorr ington a n d  Arms trong ( 1 9 7 9 ) . F SH 

binds spec i f i c a l ly to receptor s located on Serto l i  c e l l  



membrane s and act ivate s a receptor l inked adenyl cyc l a s e  

sy stem resulting i n  e levation o f  cyc l i c  AMP l eve l s  ( Dorring ­

ton and Armstrong , 1 9 7 9 ; Means e t  a l . ,  1 9 8 0 ) . E s sent i a l ly 

no in formation i s  ava i l able  to sugge st how these biochemical  

react ions regulate Serto l i  ce l l  function . Neverthe l e s s it  

has  been reported that FSH can regulate the metabo l i sm o f  

Serto l i  ce l l s  a n d  the i r  secretory produc ts , such a s  androgen 

binding protein ( ABP ) ( Han s son et a l . , 1 9  7 6 b  i Means et al . , 

1 9 8 0 ) . 

( v )  Actions o f  F S H  in the male 

a .  Sperma togene s i s  

FSH  i s  recogn i s ed a s  be ing es sent ial  for the initiat -

ion o f  spermatoge ne s i s  and may a l so be impo rtant in adu l t  

anima l s  for maintenance o f  optimal test icul ar f unct ion . 
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The ro l e  o f  FSH i n  regulat ing spermatogene s i s  remains 

controvers ial . In  immature rats lack o f  FSH cau s e s  d i srupt ion 

o f  spe rma togene s i s  ( Raj and Dym , 1 9 7 6 ) , but in adult ma l e  rats 

spermatogene s i s  is  re latively insen s i tive to the withdrawa l 

o f  FSH ( Dym et a l . ,  1 9 7 9 ) . On the other han� in rams , 

spermatogene s i s  i n  pubertal and adult anima l s  l S  seve rely 

di srupted by FSH  wi thdrawal ( Courot , 1 9 6 7 ; Courot et al . ,  

1 9 7 9 ) . 

b .  Androgen binding prote in production 

As mentioned e a r l i e r , FSH i n f l uences the product i on o f  

ABP by Sertoli c e l l s  ( Hans son e t  a l . ,  1 9 7 6� ;  Dorrington 

and Armstrong , 1 9 7 9 ) . ABP has a very h igh a f f in ity for 

testo s terone and 5 a -dihydrotestosterone and therefore ha s 

been s ugge sted to be invo lved in ma inta ining high androgen 

leve l s  within the s emini ferous tubule s ,  which is an 
e s senti a l  component of the mi l ieu r equi red for the norma l 

progre s s  o f  spermatogene s i s , at  l east i n  r a t s  ( Ri t z en e t  a l . ,  

1 9 7 4 ) . I n  rams , goats a nd bul l s  ABP h a s  been i s o l ated 

f rom s emina l f l uid , but its presence i n  semen of men , 

stal l ions  and boar s has yet to be demonstrated ( Courot , 

1 9 8 0 ;  Wa i te s , 1 9 8 0 ) . 

ABP product ion in testes  o f  r ams var i e s  with age and 



season and i t s  transport from testes  to epididymi des i s  

spec i f ical ly contro l led b y  F S H  ( Courot , 1 9 8 0 ) . 

c .  Feedback e f fects  

Evidence in favour of  short loop feedbac k  inhibition 
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by FSH , o f  its  own secret ion , i s  d i scu s sed f u l ly on page 2 7 . 

( c )  Prolactin 

Hormone s s imi l ar t o  mamma l i an prolactin occur in a l l  

ver tebrate g roups , w i t h  the po s s ible exc ept ion o f  cyc lost­

ome s ( En sor , 1 9 7 8 ) . 

( i )  S tructure 

Ovine pro l actin  i s  a prot e in hormone of mo lecular 

we ight 2 3 , 0 0 0  ( Ensor , 1 9 7 8 ) . I t  i s  composed o f  1 9 8  amino 

acids  with d i s u lphide bonds be tween the 4 th and 1 1 th , 5 8 th 

and 7 3 rd ,  and 1 9 0th and 1 9 8th res idue s , wh i l e  the amido 

terminal of the mo l ecule has a looped appearance ( Ensor , 

1 9 7 8 ) . 

( i i )  Secret i on and metabo l i sm 

P ro l a c t i n  i s  synthe s i zed and sec reted by l actot roph 

ce l l s  of t he anter ior p i tuitary ( Ensor , 19 7 8 ) . The 

biological  ha l f  l i fe o f  prol actin in sheep appar ently has  

no t been measured , howeve r ,  the ha l f  l i fe of  human prol act in 

ha s been e s timated a t  1 0 - 2 0  min ( Horrob in , 1 9 7 3 ; 1 9 7 4 ) . 

Pro la ct i n  i s  tran sported in plasma in an unbound state 

and very l ikely i s  inact ivated in the l iver ( Enso r ,  1 9 7 8 ) . 

( i i i ) Act ions 

I n  mamma l s  the pr imary r eproduc t ive f unct ion of 

prolactin  is to promote growth of the mammary g l and s  and 

secretion o f  milk , whi l e  it a l so i s  regarded as be ing 

luteo troph i c  in rodent s . Other f unc t ions , s uch as ro l e s  in 

o smoregul at ion and i n f l uence s on parental behav iour ( in 

whi ch prolactin  has ma j or ro l e s  i n  lower v ertebrate s ) , are 

of s e condary importance ( Horrobin , 1 9 7 3 ; En sor , 1 9 7 8 ) . 

( iv )  P ro l a c t in and r epro duc t ion in mal e s  

Speci f ic b inding s ites  ( receptor s )  have been detec t ed 

i n  the t e s t e s  and a c ce s sory sex g lands of  male rats 



(Aragona and Frie sen , 1 9 7 5 ) . Subsequently Aragona et al.  

( 1 9 7 7 ) reported that mo st tes ticul a r  recepto r s  for pro l a c t i n  

we re located o n  the Leydig c e l l s , a n d  Leydig c e l l  L H  

re ceptor activity tended t o  b e  modul ated by se rum pro l actin  

leve l s . P rolactin  a l so has been suggested to have a 

s t imulatory e f fect  on spermatogene s i s  i n  dwar f mice ( Bartke 

and Lloyd , 1 9 7 0 )  and enhances  the ava i l abil ity of e ster i f ied 
chol es terol for s tero idogene s i s  ( Ha f ie z et a l . ,  1 9 7 2 ) . 

I n  rodents pro l a c t i n  gener a l l y  appea r s  to p l ay a d i rect 

role in modulat ing Leyd ig cell funct ion and sexual 

maturat ion ( Bartke et a l . ,  1 9 7 8 ) . 

Re cent work i nd i cates that pro l actin may play a v i t a l  

ro le in regu l a t ing the seasonal cyc l e s  o f  regre s s ion and 

recrude scence of the teste s in golden hamsters  ( Bex et al . ,  

1 9 7 8 ) . I n  add i t i on , studies  with other sea sona l breeder s ,  

such a s  goats and r ams , have shown that increas ing d a i l y  

photoperiods dur i ng the s umme r  months c ause inc rea s e s  i n  

plasma prolactin l evels  and that po s s ibly i s  an impo rtant 

prelude to the increase in spermatogen i c  act ivi ty and 

l ibido , requ ired dur ing the breeding season ( Buttle , 1 9 7 4 ; 

Ravau l t , 1 9 7 6 , Wi l son and Lapwood , 1 9 7 8 a ;  Barre l l  and 

Lapwood , 1 9  7 9 a )  • 

Po s s ib l e  ro l e s  p l ayed by pro l actin  dur ing sexua l  

maturat ion o f  ram l ambs a r e  d i scussed more ful l y  o n  page 4 7  

o f  thi s review ; no comparable data appears to have been 

publi shed for bo a r s . 

3 .  Te s t i cular  S teroids 

The t e s te s  of mamma l s  f u l f i l  two maj o r  f unction s : 

( a )  production o f  mal e g ametes  ( sper�a toz o a ) ,  and 

( b )  produc tion o f  mal e  sex hormones ( androgens ) .  Of t he 
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2 0  or more steroids  wh ich have been i sol ated from t e s t ic ul ar 

t i s sue , te s to s terone i s  one o f  the mo s t  pot ent androgens  

and i s  the  ma j or t e s t icular androgen 1 n  a vari ety of  s pe c i e s  

( Setche l l , 1 9 7 8 ) , including rams a n d  boar s (Linde r , 1 9 6 1 ) . 

( a )  Te s to s terone 

( i )  S i te o f  product ion o f  te stosterone 

Many r e s ea r c h  worke r s  have d emonstrated that Leyd i g  



2 0 .  

ce l l s are the ma j or source o f  androgens (Chr i sten s en a nd 

Mason , 1 9 6 5 ; Ha l l  e t  a l . ,  1 9 6 9 ; Gome s , 1 9 7 0 ; Parvinen e t  a l . ,  

1 9 7 0 ;  Buben i k  e t  a l . ,  1 9 7 5 ) . I t  i s  s ecr eted no t only 

po s tna tally , but a l so by foetal t e s te s : from approxima tely 

the 3 0 th day o f  gestation in rams (Atta l , 1 9 6 9 )  and boar s 

(Ford et a l . ,  1 9 8 0 ) , we l l  be for e the t ime o f  gonadal  duct 

d i f ferenti ation . 

( i i )  Synthe s i s  and metabo l i sm 

Two maj o r  sub s trates for testi cul ar steroid produc t ion 

hav e been s uggested : cho l e s tero l ,  synthe s i z ed e l sewhere 

i n  the body a nd transpor ted to the testes in the b lood ; and 

ac e tate , e i ther de r ived from the blood as such , or formed 

from acety l -coenzyme A dur ing me tabo l i sm of g luco se 

( S e tchel l ,  1 9 7 8 ) . Ac e tate i s  c onve r ted to c ho l e s terol 

( Ha l l , 1 9 7 0 )  a nd that i s  pre sent ma inly in the free , but not 

the e s ter i f i ed form , i n  inter s t i t i a l  t i s sue . 

I n  the t e s tes  LH binds to spec i f ic rec eptors on the c e l l  

membranes o f  Leydig c e l l s  a n d  s t imul ates the adenyl cyc lase  

sys tem to produce cyc l i c  A}1P (Dorrington and F r i t z , 1 9 7 4 ;  

Catt et a l . ,  1 9 8 0 ) . Cyc l i c  AMP then converts  chole sterol to 

pregnenolo ne ( E ik-Ne s , 1 9 7 1 )  and te sto sterone i s  synthe s i z ed 

l n  the fol l owing s teroidogenic chain : -

Pregneno lone _____. dehydroep i andros terone ---+ andro sten­

edio l ( or androstened ione ) testos terone ( Yana ihara 

and Treon , 1 9 7 2 ) . 

The ma j or rou te o f  d i s tr ibut ion o f  te s t ic u l ar androgen s  

i s  via the b lood s tream , a l though s ome may be c ar r i ed in 

t e s ticular lymph . Approx ima tely 9 9 %  o f  c ir c u la ting androgen 

i s  bound to one of three pro te i n s : spec i f i c  s ex hormone 

b ind i ng g lobu l i n  ( S HBG ) , serum a l bumi n  or c or t i sol  bind i ng 

g lobul in ( I smai l , 1 9 7 6 ) . S HBG i s  no t present in p l a sma o f  

r a t s  o r  boar s (Corvol and Bard i n , l 9 7 3 ) , thu s t h e  propo r t ion 

of free t e s to s terone i s  muc h  h i ghe r , at least i n  r a t s , 

than in man ( S etchel l ,  1 9 7 8 ) . S t ud i e s  of t he b io l o g i c a l  

ha l f  l i f e  o f  testosterone o ften have i nvo l ved exper iment s  

i n  which t h e  rate o f  d i s appearance o f  exogenous hormone 
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has been mea sured ; thi s i s  represented by two expon ential  

curve s : the i n it i al curve presumably represents  c i rculating 

endogenous  t e s to s terone and ha s a ha l f  l i fe of 7 min in 

human s  ( Horton et al . ,  1 9 6 5 )  and 8 min in bul l s  ( Hayne s 

et a l . ,  1 9 7 6 ) , wh ile  the s ec ond curve repre sents i n j ected 

hormone with a ha l f  l i fe o f  3 0  min for bul l s  and 34 min for  

human s .  

Te s tosterone receptor s  are widely d i str ibuted in the 

body (Mingue l l  and S i erra lata , 1 9 7 5 ; Gor ski and Ganon , 1 9 7 6 )  

In androgen- s e n s i t ive t i s su e s  mo st te stosterone i s  

conve rted to more potent androgens , such a s  5 a -dihydrotest­

osterone ( DHT ) and andro stenedio l s , prior to exerting i t s  

phy s io logical  e ffects . That conve rs ion i s  med iated b y  the 

en z yme 5 a - reductase wh i ch i s  present in t he pro state 

(Oftne r , 1 9 6 8 )  and other androgen sensitive t i s sue s , l ike 

seminal  ve s i c l e s  and skin  (Mingue l and Sierralata , 1 9 7 5 ) . 

Though some authors be l i eve DHT to be the neuroact ive 

me tabo l i te o f  testos terone ( Mart ini , 1 9 7 0 ) , Nafto l in et a l . 

( 1 9 7 5 )  presented evidence s upport ing the hypothe s i s  that 

oestrogen ( probably oestrad i o l ) is the act ive metabo l ite i n  

neuroendocr ine t i s sue . Th e s e  authors demonstrated that 

te sto s t e rone - induced CNS s e xual d i f ferent iat ion wa s 

mimicked by oe strogens . Furthermore , oe strogen has been 

reported to exert inhib i tory e f fects on LH se cret ion in 

mal e s  of many s pecies , i n c l ud ing rams ( Rigg s  and Ma lven , 

1 9 7 4 ; S c hanbacher and Ford , 1 9 7 7 ) and boar s ( Ford and 

Sc hanba c her , 1 9 7 7 ) . 

Tes tosterone i s  l arge l y  metabo l i sed i n  t he l iver to 

andro s tenedione and other weak androgens , though a second 

pathway , invo lving change s in the A-r ing doe s oc cur , yield ing 

more potent androgen ic by-produc t s  ( I sma i l , 1 9 7 6 ) . The se 

metabo l i tes  are then con j uga ted as g lucuronide s or sulphate s  

and excreted i n  the b i l e . Extra-hepat ic metabo l i sm o f  andro­

stene dione has  been sugge s t e d  to occur in human s ,  s ince i t s  

metabo l ic c l e a rance rate exceeds the hepat i c  blood f low 

( Horton and Tai t , 1 9 6 6 ) . 
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( i i i )  Mechani sms o f  act ion 

Extensive d i s cuss ion o n  the mechanisms of sex steroid 

action is outs ide the s cope of the pre sent review , but ha s 

been the s ubj e ct o f  two comprehens ive recent reviews 

( Mingue l l  and S i erralta , 1 9 7 5 ;  Gorski and G annon , 1 9 7 6 ) . 

Gene ra l l y the s e  events c an be summa r i sed a s  fol l ows : the 

first  s tep in the action o f  androgens is entry o f  the hormone 

into the c e l l . Thi s  proce s s  is mainly regu l ated by the 

concent ration of f ree hormone in bl ood plasma , however , 

select ive uptake and retent ion has be en sugge sted to occur 

in some t i ssues . Once the act ive metaboli t e  ( te s to s terone 

or DHT ) i s  bound to cyto s o l  receptors , the androgen- cytoso l 

complex migrates into the nucleu s . The identity o f  the 

accepto r  s i te ( s )  in  the nucleu s of the androgen-re spons ive 

ce l l s  i s  not c l e ar , however there i s  general agreement that 

enhancement o f  ribonuc l e i c  a c id synthe s i s  occur s , and th is 

probably is the key step i n  the act ion o f  the hormone . 

The above s ummar i s ed sequen ce o f  even t s  i s  only 

app l i c a b l e  for some androgen - sensit ive t i s sues . For examp le 

in bone marrow no androgen b indi ng cytoplasmic receptors 

have been demons trated , a l though the metabo l i sm of this  

tis sue is  under androge n i c  i n f l uences ( Mingue l l  and 

Sierra l t a , 1 9 7 5 ) . 

( iv )  Act ions o f  testosterone 

The ma j or e f fects o f  androgens in ma l e s  have been 

reviewed by Setche l l  ( 1 9 7 8 ) . The fo l lowing sect ion 

summar i s e s  the act ions o f  t e stoste rone in ma l e s , with 

part i c u l a r  refe rence to e f fects  in boars  and rams . 

a . Spermatogene s i s  

The importance o f  gonadot rophins in in itiation o f  

spermatog ene s i s  in prepubertal r a t s  and rams has  a l ready 

been d i scussed on pages 1 5  and 1 7 , respective l y . 

However i t  o ften  has been d i f f icul t to d e f ine t he f unctions 

o f  gonadotrophin s  and t e sto sterone i n  t he maintenance o f  

spermatogenes i s  i n  adult  an imal s ,  par t i cular l y  a s  cons ider­

able s pe c i e s  d i f f erenc e s  apparently e x i st ( Ste inberge r , 



1 9 7 1 ) . For example , in mal e  rat s androg ens have been 

reported to ma inta in spermatogene s i s  i f  repl aced soon after  

hypophy sec tomy , that i s  be fore complete atrophy o f  the 

germinal  epi the l ium occ ur s . Subsequent experiments have 

in fact  revea l ed that testo sterone a lone can ma int a i n  

spermatogene s i s  in  adul t s  o f  thi s species . FSH has been 

reported to be of little  importance , wh ile  LH apparently 

inf l uences the proce s s  only through its  e f fe c t s  on te stost­

erone production ( Ste inbe rger and Duckett , 1 9 6 7 ;  Ahmed 
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et a l . ,  1 9 7 5 ; Harri s et a l . ,  1 9 7 7 ; Dym et a l . ,  1 9 7 9 ) . I n  

contrast to t h e s e  observations , Courot et a l . ( 1 9 7 9 ) found 

that in exper iments on the hormona l  requirements for sperm­

atogen e s i s  in adult hypophy s e ctomi sed rams , LH , FSH and 

te stosterone a l l  were requi red . D i f ferent iat ion o f  gonoc ytes 

to type A spermatogon ia appeared to be LH- dependent , wh i l e  

the l a st  stage o f  spermatogon ial  mu l t iplication ( to type B 

spermatogoni a )  wa s unde r F S H  contro l . The subs equent event s  

of  the spermatogenic cyc l e  we re entirely te sto s terone­

dependent . 

b .  Acc e s s ory reproduct ive structures 

Castrat i on and androgen rep l acement stud i e s  have been 

reported to a f fect f unct ional and morpholog i c a l  aspects of 

al l the acce s sory organs o f  reproduct ion and these e f fects  

have been  reviewed exten s ive l y  by  Parkes ( 1 9 6 6 ) and Orgebin­

Cri st e t  a l . ,  ( 1 9 7 5 ) . And rogen-dependent structures inc lude : 

( i )  acces sory g lands i . e .  the seminal ve s ic l e s , prostate 

and bulbo-urethral gland s , as we l l  as ( i i )  organs such a s  the 

epi d i dym ides , scrotum and peni s .  I n  addit ion testosterone 

a l so is requi red for ep i d i dymal spermatozoal maturat ion 

( Dyson and Orgebin-Cr i st , 1 9 7 3 ; Orgebin-C r i s t  et a l . ,  1 9 7 5 )  · 

c .  Feedback e f fe c t s  

The ro l e  o f  testo s t e rone 1n feedback control o f  LH 

secre t ion in the ma l e  is d i scus sed on pages 2 5  and 2 6 . 

d .  Sexua l d i f ferent i a t ion 

D i f feren t i al deve lopment o f  male genital  primordia 

occur s earl i e r  than the  corre spond ing change s in  the f emal e  
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and i s  induced a t  l ea st partly by the foeta l t e s t icula r 

androgens (Jo s so et al . ,  1 9 7 7 ) . The init iat ion , t iming and 

in f luen ce of androgens in the pro c e s s  of  sexua l d i f f e r ent­

iat ion in rams and boar s is  deal t with fully on pag e s 3 5  and 4 0 .  

e .  Sexual behaviour 

The d i f f er ences  in behaviour produc ed by ca stra t i on 

have been known s i nce ant iqu ity and are the ma in reason for 

the wide spread use of c a strat ion of ma les  in  modern an ima l 

husbandry . I n i t i a t ion and ma intenance o f  ma l e  sexual 

behaviour is  tot a l l y  androgen dependent and the ro l e  o f  

testos terone i n  this  phenomenon ha s been di scus sed i n  many 

reviews ( Davi d son and Levine , 1 9 7 2 ; Beach , 1 9 7 4 ; Davi d son , 

1 9 7 7 ) . The mo s t  pronounced e f fe c t s  fo l low prepubertal  
castrat ion , i n  wh i ch case  the animal never acqu i re s  norma l 

sexua l behav io ur . I n  contrast sexual activity gene r a l l y  
per s i s t s  to a variable extent a ft e r  c a stration o f  adul t s , 

and can be re s tored by te stosterone repl acement therapy 

( S etchel l ,  1 9 7 8 ) . However , in intact males  l ibido is poorly 

corre l ated wi th b l ood androgen l eve l s  ( Phoenix et a l . ,  1 9 7 3 ;  

Rob inson et a l . , 1 9 7 5 ) . 

f .  Mi sce l l aneou s 

Mo st androgens have anabo l i c  or myotroph ic activity wh ich 

i s  no t neces sar i l y  re lated to the i r  a ndrogenic poten cy . 

Admini strat ion o f  testo s terone to a castrate leads to 

ni trogen retent ion and mu scular g rowth ( Kochak ian , 1 9 7 6 ) . 

The g rowth o f  ho rns in  sheep ( P a rke s , 1 9 6 6 )  and the c hange 

from ' velvet ' to  ' hard horn ' ant l e r s  in  deer ( Lincol n  et a l . ,  
1 9 7 0 )  a l so a re androgen dependent . Boar-ta int in  ent i re 

ma l e  pigs  i s  cau sed by c i rculating androgenic compound s 
( Gower , 1 9 7 2 ;  Andre sen , 1 9 7 6 ) , wh i l e  odour g l ands in ma l e  

goats ( P arke s , 1 9 6 6 )  a r e  testos t erone dependent . 

4 .  Negat ive F eedback Contro l o f  the Hypothal amo -pi t u i tary­

t e s t icul ar Ax i s  

A s  ha s a lr e ady been descr ibed r egard ing the fun ction o f  

GnRH a nd the gonadotrophins , the e lements o f  the hypothalamo ­

hypophy seal - te s t i cu l ar axi s  act in  an h ierarchi al  arrang ement 

in whi ch the hypotha lamu s induce s gonado trophin secret ion 



and this in turn induc e s  testicu l a r  endocrine secret ion . 

Conversely to these trophic e f fects , the secre t ions  o f  the 

hypothalamu s and anterior pituitary are genera l l y  negative l y  

inhibited by s e c retions from lower within thi s hierarchy . 

' Long loop ' feedback e f fects i nvo l ve the inhibition o f  the 

hypothalamus and pituita ry by test icular product s ,  wh i l e  

' short loop ' e f f ect s inc lude the negat ive fe edback o f  

anterio r  pituita ry ho rmones o n  the hypotha lamus . ' Ul t ra-

short loop ' mechani sms invo lve auto regu latio n  o f  GnRH 

secret ion by the GnRH i t se l f . 

( a )  Te st icul ar Hormone s 

Te sticular  hormone s  exert l ong loop negat ive feedback 

e f fe c t s  on the hypotha l amu s and p i tu i tary to regu late 

gonado trophin secretion ( Barrac lough , 1 9 7 3 ) . Direct 

evidence in f avour o f  thi s concept comes from the work o f  

S a r  and Stump £ ( 1 9 7 3 )  and Davi e s  et al . ( 1 9 7 6 ) , who 

demonstrated steroid bind ing receptors in the pituitary 

and hypotha lamu s , re spective l y . Further i t  has been shown 

that testicular  atrophy fol lows imp l antation o f  t e s to s terone 

into the ME , whi l e  s imi l a r  implants of the ant i -androgen , 

cyproterone - ac etate , causes enlargement o f  acces sory sex 

organ s and increases in t e s ticul ar we ights ( Smith and 

Davi dson , 1 9 6 7 ; Davidson and Bloch , 1 9 6 9 ) . At the hypotha l ­

ami c  l evel te stosterone appears  t o  i nhibit GnRH and then 
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LH secretio n , by at l ea s t two mec han i sms : an oes trogenic 

e f fect after a romat i sat ion (Naftol in et al . ,  1 9 7 5 )  and a 

d i rect androgenic e f fect , due to t e stosterone or i t s  

metabol ites ( McCann , 1 9 7 4 ) . O n  t he other hand t e stost erone ' s  

inhib itory e f f ec t  at the pituitary l eve l appears  to be 

due solely to androgen i c  e f fects ( Bogdanove e t  al . ,  1 9 7 5 ) . 

Androgen replacement exper iment s  in wethers ( P e l l etier , 

1 9 7 0 ; Crim a nd Geschwind , 1 9 7 2 a )  and ent i re r am lambs 

( S chanbacher , 1 9 8 0�) have s hown t ha t  there wa s a b ipha s ic 

decrea s e  in p l a sma LH concentrat i on s . The f i r s t  decre a s e , 

whi c h  occurred about 1 2  h fo l lowing t e sto sterone replacement , 

has been attributed to a d e crea s e  i n  pituitary sen s i t iv i ty 

to GnRH , whi l e  the second decl ine at about 7 2  h may 



have been due to  i nhibit ion o f  GnRH synthe s i s  ( P e l l et ier , 

1 9 7 0 ; 1 9 7 4 ) . 

Although the e f fe c t s  o f  te stos terone on LH secret ion 

are quite marked , its e f fects on FSH  secretion are not ye t  

we l l  understood . Neverthe l e s s  c urrent research sugg e s t s  

that te stoste rone ha s some infl uence o n  FSH secretion ( C r im 

and Geschwind , l 9 7 2 a ;  Main et al . ,  1 9 7 8 ; Sc hanbache r ,  l 9 7 9b ;  

l 9 8 0b )  , wh i l e  another t e s t icular hormone probably i s  mo re 

impor tant for s pe c i fic  regul at ion o f  FSH . McCu l l agh ( 1 9 3 2 )  
termed this hormone inh ib i n . 
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St rong evidence in favour o f  d i f fe rent ial  f eedbac k  

control o f  LH and F S H  se cret ion come s from numerou s  

patho logical condi tions in humans l ike germina l c e l l  ap l a s ia , 

cryptorchidism and testi cular femin i s ing syndrome ( Lipset t , 

1 9 7 6 ) . Furt he r evidence in favour o f  different ial feedback 
contro l is provided by r e s u l t s  of such exper imental t r eat­

men ts a s  GnRH admini strat ion ( Hopk i n son et a l . ,  1 9 7 4 ; 

Linco l n , 1 9 7 8 ;  l 9 7 9a )  hemicastration (Wa l ton e t  a l . ,  1 9 7 8 ; 

1 9 8 0 ; Leidl e t  a l . ,  1 9 8 0 )  and cryptorchid i sm ( B l anc and 

Terqu i , 1 9 7 6 ;  Schanbac her and Fo rd , 1 9 7 7 ; Lee e t  a l . ,  1 9 7 8 ) ; 

usua l l y  plasma l eve ls  o f  LH and FSH  change independent l y  

o f  one anothe r . 

The pos s ib l e  exi stence o f  a t e s t icular hormone , inh ibin , 

and evidence f o r  i t s phy s iological role has been the s ub j ect 

o f  much recent res earch which ha s been revi ewed by s evera l 

author s  ( Setche l l  and Ma in , 1 9 7 4 ; F ranchimont et a l . ,  1 9 7 9 ;  

Blanc , 1 9 8 0 ) . I nhibin has  been def ined as a pept ide f a c tor 

of gonadal origin  wh i ch spec i f ic a l l y  or selective ly l ower s  

the rate o f  secretion o f  FSH (Franchimont e t  al . ,  · 1 9 7 9 ) . 

Some o f  i t s  phy s icochem i c a l  properti e s  have been estab l i shed ; 

thu s  inhibin i s  s a id to be water soluble and destroyed by 

proteo lytic e n z ymes and hea t , but e s t imates of i t s  mo l e c u lar 

we ight have varied from 5 0 0 0  to mor e  t han 1 6 0 , 0 0 0  
( Blanc , 1 9 8 0 ) . I nhibin has  a l so been part i a l ly pur i f i e d  

from human s eminal f l u i d , bovine seminal f l u id , ram r e te 

t e s t i s  f l ui d , extract s o f  spermatozoa and t e stes , and 

Serto l i  c e l l  c u l ture med i a  ( Ste i nberger , 1 9 7 9 ) . Exper imen t s  



by Ste inberger and Ste inberger ( 1 9 7 6 )  and S t e i nberger ( 1 9 7 9 )  

showe d unequ ivoc a l l y  that Serto l i  cel l s  wer e  d i rectly  

invo lved i n  the  synthe s i s  o f  inhib i n  i n  the ma l e . 

The s i t e s  at whi ch i nhib in exert s  its  negat ive 

f eedback e f fects on F S H  secret ion have not been d e f ined 

with c erta i nty , however p resent ev idence tend s to favour 
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the p i tuitary a s  the mo st l ikely  s i t e  ( Franch imont et al . ,  

1 9 7 9 ) . For example in  culture expe r iments p i tu itary 

gonadotroph s eo-cultured with Sertol i c e l l s r e l ea sed 

s i g n i f icantly l e s s  FSH than p i tuitary c e l l s  g rown e i ther 

a lone or  cul tured w i th spleen or k idney ce l l s  ( Steinberger 

and S t e inberge r , 1 9 7 6 ; Franchimont et al . ,  1 9 7 9 ) . The se 

au thor s sugg e sted tha t inhibin may we l l  have inhibitory 

e f f e c t s  on synthe s i s  a s  we l l  as release o f  FSH  from pitui tary 

gonadotroph s . On the o ther hand evidence in favour of the 

hypotha lamu s a s  a s i te of ac t ion of inhibin c omes f rom in 

vi t ro stud i e s  in which incubat ion o f  hypotha l ami with 

inhibin s i gn i f ic ant l y  reduced amount s of immunoreact ive 

GnRH ( Fran chimont e t  a l . ,  1 9 7 9 ) . 

Little  wo rk ha s been done on the topic o f  interact ions 

between sex s teroid s and inhibin in the ma l e . Thi s  i s  

a n  important area o f  re se arch s i nc e inhibin does not appear 
to be t he s o l e  regu l ator o f  F SH secretion (Ma in et al . ,  1 9 7 8 ; 

Franchimont e t  al . ,  1 9 7 9 ) . Whether or not i nh ib i n  has any 

e f fect  on LH secret ion is another area which  needs f urther 

inve st igat ion . Neverthe l e s s , Bl anc ( 1 9 8 0 )  reviewing the 

re search on thi s top i c , s ugge s ted that inhib in may act 

on FSH  and eventua l l y  o n  LH s e cret ion i n  a dose -dependent 

manne r (dua l i s t theory ) , or  that i t  may act o n  both FSH and 

LH secret io n s  with d i f f er ent k inet i c s  ( unic i s t  theory ) . 

( b )  P i tuitary Hormones  

A lar ge amount of  evidence has  accumu l ated in  suppor t 

o f  t he concept that gonadotrophins and prol a c t in regu l ate 

the secret ion of the i r  own re spective r e l ea s i ng and inhib i t i ng 

hormones via  ' short ' f eedback loops or  mechani sms (Motta 

e t  al . ,  1 9 6 9 ; Robyn e t  a l . ,  1 9 7 7 ) . For exampl e ,  imp l ant s o f  

LH , FSH  and pro lac t i n  i n  the ME caused spec i f ic reduct ions  
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1n pituitary and pl asma leve l s  o f  the s e  hormone s ( Ne i l l , 

1 9 7 4 ; McCann , 1 9 7 4 ; Horrob i n , 1 9 7 4 ) . Further evidence for 

short loop inhibit ion of FSH  secretion wa s suppl ied by 

autorad iographic studies  in rats  inj ec ted with r 1 2 5- l abe l l ed 

FSH ; maxima l ac cumul at ion o f  rad ioact ivity wa s seen in the 

ME and arcuate nucl eus of the hypotha l amus ( Davi e s  et a l . ,  

1 9 7 5 ) . 

Howeve r , , t he r e lative importance o f  s uch fe edback 

sys tems has o ften been que s t ioned in view o f  the l arge 

increases  i n  secretion of  both LH and FSH which occur 

following c a s trat io n  (McCann , 1 9 7 4 ) . 

( c )  Hypotha l amic Hormone s 

GnRH ha s been s uggested a s  a po s s ible regulator o f  

its  own secret ion b y  a n  ' u ltra- s hort ' f eedback system 

(Motta e t  a l . , 1 9 7 3 ) . 

Micro-i ontophore t i c  app l i cation o f  synthetic GnRH to 

the MBH are a has been reported to decrease the e l ectrical  

activity recorded f r om nuc l e i  within this part o f  the hypo­

thalamu s ( Kawakami and Sakuma , 1 9 7 4 ) . Even i f  ul tra- short 

f eedback regulation o f  GnRH secretion occurred , J e f fcoate 

( 1 9 7 5 )  cons ide red it  un l ik e ly to be med iated via the 

s y s temic c i rc u lat ion . I t  has  been sugge sted by Dye r  and 

Dybal l  ( 1 9 7 4 )  that the e f fect may be transynapt ic : the 

authors  sug g e s ted tha t GnRH may act as a neurot ran smi tt e r , 

being released f rom axon branche s , not only terminat ing near 

portal ve s s e l s ,  but a l so synap s ing on o ther hypotha l amic 

neurone s .  S ince there i s  ev i dence to show that cerebro spinal 

f luid ( CSF ) conta ins  high l eve l s  of GnRH (Anand Kumar , 1 9 7 3 ) , 

t·anycytes l i n ing the third ventr i c le take up 3H-labe l l ed 

GnRH (Vaala and Kn i gg e , 1 9 7 4 ) , and the s e  cel l s  l ink the C SF 

and arcuate nucleus ( Bl e ier , 1 9 7 2 ) , it  has been c onc l uded 

that GnRH can i n f luence its own secret ion . 

There a r e  no reports  to date o f  any ultra- short f eedback 

mechan i sm regulating the s ec r e t ion of prolac t i n  inh ib i t i ng 

or  re leas ing f a ctor s . 



5 .  Pattern s  o f  Hormone Secret ion 

P i t u itary and gonadal ho rmone s are secreted in a 
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vari ety o f  pattern s rang ing from short term pu l s at i l e  or  

epi sodic r e l ease s , to twenty four hour circardian pa tte rns 

and much mor e  prol onged se asonal trends . The phy s io l og ical  

rationale  for ep i sodic (pu l sat i l e ) output o f  hormones i s  not 

unde rs tood . As  s ugges ted by Oately ( 1 9 7 1 ) , pu l sat i l e release 

of  hormone s demon s trate s  the dynamic nature of  neuroendoc r ine 

systems and hi ghl ights the l ack o f  known quant itat ive l aws 

which de s c r ibe such activi t i e s  within an organi sm . However ,  

Gal lo ( 1 9 8 0 ) , rev i ewing the neuroendocr ine mec han i sms 

regu lating pu l sa t i l e  hormone secret ion , con c l uded that this 

pattern o f  ho rmone secretion he lps minimi z e  r e f ra c toriness  

o f  targ et organs under phy s io l ogica l condi tion s .  

( a )  Pul s at i l e  Ho rmone Secret ion 

( i )  LH 

P u l s a t i l e  secretion of LH has been demonstrated to 

occur in r am lamb s ( Foster e t  a l . ,  1 9 7 8 ; Wil son a nd Lapwood , 

l 9 7 9a ) , adu l t  rams ( Sanford e t  a l . ,  1 9 7 4 ; Barr e l l  and 

Lapwood , 1 9 7 8 ;  Wi l son and Lapwood , 1 9 7 8�) , wethe r s  ( Riggs 

and Malve n , 1 9 7 4 ) and boar s ( S an ford et al . ,  1 9 7 6� ; Lapwood 

and FlorCruz , 1 9 7 8 ) , as we l l  a s  in ma les o f  several other 

specie s . General l y  it is a s s umed that epi sod i c  LH secretion 

i s  induced by pul s a t i l e  re l ea se o f  GnRH from t he hypothalamu s . 

Howeve r , due to the l arg e degree o f  haemod i l u t ion t hat occur s 

between p i t u i tary portal b lood and the systemi c c irculat ion , 

i t  often has  been d i f f icu l t  to observe a c l o se r e l at ionship 

between per ipheral  p l asma GnRH and LH concentr ations ( Gallo , 

1 9 8 0 ) . Al tho ugh thi s pattern o f  GnRH relea s e  in r ams and 

boar s has not been ve r i f i ed , Crighton et a l . , ( 1 9 7 3 )  

recorded a pulsat i le pattern in GnRH l eve l s  i n  the j ugular 

blood f rom ewe s . L ikewi se GnRH l eve l s  in pituitary b l ood 

of Rhe s u s  monkeys s how pul sat i l e  f luctuat ions ( Ca rme l 

e t al . ,  1 9 7 6 ) . 

( i i ) FSH 

I n  s he ep p l a sma FSH leve l s  have genera l ly been reported 



to be r e lative ly cons tant t hroughout inten s ive sampl ing 

period s , with only minor f luctuat ions in compar i son to tho s e  

record ed for p l a sma L H  leve l s  ( Sanford e t  a l . ,  1 9 7 6 a ;  
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Lee e t  a l . ,  1 9 7 6 a ) . The re has been only one report on 

plasma FSH  leve l s  o f  boar s (Colenbrander et al . ,  1 9 8 0 ;  and 

that only in abstract form )  ; whet her or  no t plasma FSH 

leve l s  s howed epi sodic  f luctuations wa s not mentioned . 
Deta i l s  o f  factor s re spon s ible for  th i s  d i f f erent ial  r e l e a s e  

o f  L H  a n d  F S H  a r e  n o t  known . Assuming that only one hypo­

thalamic hormone ( GnRH ) i s  respon s ible  for the release  o f  

gonadotrophins , Linco ln ( 1 9 7 8 ;  1 9 7 9 a )  sugg e s ted that th i s  

e f fect was the result  o f  separate t e s t i cul ar negat ive feed­

back contro l s  over LH and FSH secretion . The d i f f erent 

biolog ical  ha l f  l i ve s o f  FSH and LH ( 1 0 3  minutes a s  compared 

to 4 3  minute s , Akbar et a l . ,  1 9 7 4 ) , and inhe rent d i f fe renc e s  

ln secreto ry capac i t i e s  o f  pituitary gonadot rophs , may be  

the othe r contr ibutory factor s .  

( i i i )  P ro l actin 

P l a sma pro lactin leve l s  rec orded from rams a l so have be en 

found to f l uctuate over s ho rt pe riod s when inten s ive s ampl ing 

regime s we re used  ( Chamley et al . ,  1 9 7 4 ; Barre l !  and 

Lapwood ,  1 9 7 8 ; Dav i s  et a l . ,  1 9 7 8 ; Wi l son and Lapwood , 1 9 7 9 a ) . 

However , there have been no s imi l a r  reports on pl asma 

prolactin l eve l s  o f  boar s . 

( iv )  Te s to s terone 

Epi sodic f l uc tuat ions in pla sma t e s tosterone l eve l s  

have been recorded i n  many spec i e s  inc l uding rams ( Barre l !  

and Lapwood , 1 9 7 8 ;  Wi l son and Lapwood , 1 9 7 9a ) and boar s 

( S anford e t  al . ,  1 9 7 6b ; Lapwood and F lorCruz , 1 9 7 8 ; 

Katte s h  et al . ,  1 9 7 9 ) . The tempor a l  a s soc i at ion between 

LH and t e s toste rone secre tory peaks w i l l be d i s c u s sed under 

hormona l inter-re l ationships (on page 3 4 ) . 

( b )  C ir c adian Rhythms 

A c ircadian or " about 2 4  hour s " rhythm imp l i e s  a 

con s i s tent pa ttern f rom day to day ( Boon e t  al . ,  1 9 7 2 ) . 

Although the s ig ni f ic ance o f  c ircad i an rhythmic ity in 
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hormone secret ion i s  not c lear , i t  may we l l  be rel ated to 

changes in reproductive state s s uch as puber ty or  seasonal­

ity . For example  it  has been r ec orded that a s leep-re l ated 

increase in epi sodic  LH secret ion in chi ldren is a 

characteri s t i c  o f  the pubertal period (Weit zman e t  al . ,  1 9 7 5 ) . 

On the o the r hand probabl y  the mo st clear indications 

o f  ci rcadian hormone secretion patterns recorded f rom 

rams have been tho se reported by Li nco ln and co l l e ag ue s  
( 1 9 7 7 ; 1 9 7 9b ) , who ut i l i sed exagge rated change s i n  art i f i c i al 

photoperiods and anima l s  of the very pho tosens i t ive Soay 

breed . The s e  workers were ab l e  to show c i rcadian changes  

in plasma leve l s  o f  LH , FSH and tes to sterone . Howeve r , i n  

studies with rams o f  dome s t i c  breeds other workers  g enerally  

have been unab l e  to dete c t  any c i rcadian rhythm 1n LH , 
te s tosterone ( Katangole e t  al . ,  1 9 7 4 ; Purvi s e t  al . ,  1 9 7 4 ; 

San ford et a l . , 1 9 7 4 ; Barre l l  and Lapwood , 1 9 7 8 ; Wi l son and 

Lapwood ,  1 9 7 8 a )  or F S H  ( S an ford et al . ,  19 7 6�) secretion . 

On the other hand there are some repor ts o f  nocturn a l l y  

e l evated pl asma pro l ac t in leve l s  in sheep ( Davi s  and 

Borge r ,  1 9 7 3b ;  Ravault  and Ortavant , 1 9 7 7 ;  Barre l l  and 

Lapwood , 1 9 7 8 ;  L inco l n  et al . ,  1 9 7 8 ; Brown and Forbe s , 1 9 8 0 ) , 

whi le other workers have not found any such change (Chaml e y  

et al . ,  1 9 7 4 ; Wi l son and Lapwood , 1 9 7 8 a ; Fi sher and 

Lapwood , 1 9 8 1 ) . 

Twenty four hour hormone pro f i l e  studi e s  with boa r s  o f  

dome s ti c  breeds  have not shown any indication o f  c i rcadian 

patterns in s e c re tion o f  e i ther LH or  testo s terone ( S an ford 

et al . , 1 9 7 6b ;  Lapwood and F l o rC ru z , 1 9 7 8 ) . However , 
E l l endorf f  e t  a l . ( 1 9 7 5 )  sampled sexually  mature Got t i ngen 

miniature boa r s  and r ecorded s i g n i f i cant ly higher te s to st e rone 

l eve ls  at 0 8 . 0 0  hr as compared to t hose recorded between 

19 . 0 0 - 2 1 . 0 0  h r , but did not observe a comparabl e  pattern 

in plasma LH l e ve l s . No s imi l a r  data has been pub l i shed 

regarding p l a sma FSH  o r  pro lactin  l e ve l s  o f  e i ther dome s t i c  

or  Gottingen mini ature boars . 



( c )  Sea sonal 
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I n  sheep , s hort-term f luctuat ions in hormone concen­

trations are s uper impo s ed on sea sona l vari at ions and there 

have been many r eports o n  seasonal  va riations of reproduct ive 

hormone secretion in rams dur ing the l ast f ew years . 

Changes i n  the length o f  the d a i l y  photoper iod are 

regarded as the ma j or environmenta l factor i nvo l ved in 

contro l of the sea sonal ity o f  reproduct ion in an ima l s  

(Mar sha l ! ,  1 9 3 7 ; Ortavant e t  al . ,  1 9 6 4 ) . Photoper iod not 
only a f fects t he inc idence of oestrous activity i n  ewe s , but 

a l so l ib ido in r ams . P e l letier and Ortavant ( 1 9 7 5 ) ,  subj ect­

ing rams to 6 month durat ion ' annu a l ' l ight rhythms , repo rted 

that patterns of plasma LH l eve l s were related to l ight 

pho toper iod ; increasing pho toper iod was f ound to be 

inhibi tory or  l e s s  stimu l atory , whi l e  decreasing photoperiod 

wa s s t imulatory . These change s we re s imi l a r  to those 

reported previous ly as occurring at  the pituitary l evel 

( P e l l e t i er and Ortavant , 1 9 6 4 ) . Sanford e t  al . ( 1 9 7 8 )  

ut i l i z ed a s im i l ar expe riment to demonstrate that pla sma 

LH , F S H  and testoste rone secretion underwent s imilar change s  

wi th photoper iod . S imi l ar results  have been reported f rom 

rams reared under natural envi ronmental cond i t ions ( Katongo l e  

e t  a l . ,  1 9 7 4 ;  S anford e t  a l . ,  1 9 7 4 ; Barre l !  and Lapwood ,  

1 9 7 9�)  and also in rams expo sed to art i f i c i a l  l i ghting 

regime s corre sponding to the natural daily photoper iod 

(Barre l !  and Lapwood , 1 9 7 9b ) . 

K atongo l e  e t  a l . ( 1 9 7 4 ) sugge s t ed that change s  in the 

frequency , amp l itude and duration o f  pul sat i l e  r e l e a se s o f  

LH , F S H  and t e s to s terone may be important parameters o f  

reproduct ive s e a sona l i ty i n  rams . Thi s led to t he sugg e stion 

that the hypothalamu s r egulates the s e a son a l  c hange s in 

pituitary gonadot rophin secret ion , and hence t e s ticular 

secret ion by chang ing the f r equency of  epi sodic GnRH release . 

Linco l n  and Sho r t  ( 1 9 8 0 )  reviewed t h i s  concept and 

con c l uded that changes occur both i n  frequency and magnitude 

of GnRH relea s e . 

On the o ther hand p l a sma pro lact in l eve l s  exhibit the 



mo st marked cyc l e  o f  seasonal change s recorded for r eprod ­

uct ive hormones i n  rams , includ ing lambs . Length o f  the 

dai ly pho toperiod i s  po s i t ively corre la ted with pro l ac tin 
leve l s  mon i tored in blood , thu s peak and lowe st l eve l s  are 

recorded i n  summe r and winter , re spectively ( P e l l e t i e r , 
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1 9 7 3 ; Ravau l t , 1 9 7 6 ; Ravault e t  a l . ,  1 9 7 7 ; F i sher , 1 9 7 8 ; 

Wi lson a nd Lapwood ,  1 9 7 8 a ; 1 9 7 9�;  Barre l l  and Lapwood , 1 9 7 9�) . 

The r e  appar ently have been no reports publ i shed on 

season a l ity o f  hormone secret ion in boars . 

( d )  S tr e s s - i nduced Chan ges  i n  Ho rmone Secr e tory Patterns 

It i s  genera l ly accepted that stre s s ful s t imu l i  can 

induce e l evat ions o f  p l a sma prol actin leve l s  in sheep 

( Davi s ,  1 9 7 2 ; Wi l son and Lapwood , 1 9 7 9�) , c a ttle  ( Raud 

et a l . , 1 9 7 1 )  and probably o ther species . I n  contra st 

mo st r e s earcher s  c ons ider that gonadotrophin l eve l s  are not 

inf luenc ed by stre s s . For example , Roche et a l . ( 1 9 7 0 )  

claime d that va rious samp l ing methods had no e f fect on LH 

concentrat ions in ewes . However , S i tarz e t  a l . ( 1 9 7 7 ) 

reported that h andl ing and venepuncture samp l ing procedures  

induced LH  e l evations in young bu l l s . Al so Wi l son and 

Lapwood ( l 9 7 9 a )  detected e l evated l eve l s  o f  LH in the f ir s t  

of  four hal f-hourly plasma s ampl e s  col lected i n  pr o f i l e  

studies  w i th ram lambs . However , t hey con c l uded that for 

LH , the s tr e s s  e f fects o n  p l a sma l eve l s  probably we r e  induced 

by shepherd ing with dogs j u s t  be fore sampling  commenced 

and e f fe c t ive l y  could be e l iminated by mu l t iple  bleed ing 

procedur e s  extend ing over seve ral hours . I t  a l so has been 

demon s trated that stre s s f u l  handling  procedures cou l d  cau se 

lowering o f  plasma LH leve l s  i n  boars , re s u l t ing i n  a 

reduct i on o f  test ic ular s te ro i dogene s i s  ( L iptrap and Rae s i de ; 

1 9 6 8 ; Andre sen , 1 9 7 5 ) . 

I n  addition heat s tr e s s  has been shown to cause 

an e leva t ion o f  plasma prolactin  l eve l s  in sheep ( Ho o l ey 

et al . ,  1 9 79 ) ,  whi le expo sure o f  boar s to e l evated ambient 

t emperatures  wa s r eported to cause d i sruption in spermatog ­

ene s i s  and dec l in e  in p l asma testosterone l eve l s  (Wettemann 

and De s j ardins , 1 9 7 9 ) . 



( e )  Interre l a t ionships in Patte rn s of Hormone Secr e t ion 
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Close  r e la t ionships o ften ex i st between the s e c retory 

patterns recorded for hormones o f  t he hypotha lamo -p i t u i tary ­

testicular ax i s . 

( i )  GnRH , LH and FSH 

GnRH admin i s tration caus e s  an immediate do s e - r e l at ed 

LH response f rom the pitu itary ( S cha l ly et a l . ,  1 9 7 2 ; 

Wil son and Lapwood , l 9 7 8b ; 1 9 7 9�) . However ,  the FSH  

re spon se fol lowing GnRH admin i s tration is  ra ther s low and 

of reduced i n ten s ity ( Hopk inson et a l . ,  1 9 7 4 ; Linco l n , 1 9 7 8 ;  

l 9 7 9 a )  . Attempt s to demons trate a re lation ship be twe en 

per ipher al p l a sma l eve l s  of GnRH and subsequent LH e l evat ions 

at o e s trou s i n  the ewe f a i led , po s s ibly due to insen s i t iv it y  

o f  GnRH a s s ay u t i l i s ed in that exper iment ( N e t t  e t  a l . , 1 9 7 4 ) . 

( i i )  LH and t e s to s terone 

The troph i c  e f f e c t s  of LH on t e sto sterone output are 

we l l  e s tab l i shed , but qua l itative and quantitative 

re la tions between the two are not always observed . Katongo l e  

e t  a l . ( 1 9 7 1 )  observed tha t in bul l s  LH peak s were fo l lowed 

by testosterone peak s about 4 0  minutes later , but Smith 

et a l . ( 1 9 7 3 )  o b served that only 6 4 %  of LH e l eva tions 

( above l ng/m l ) r e s u l ted in e l evat i on s  of  testosterone 

l eve l s  in the s ame spec ies  and the t ime interval between 

peak s approximated one hour . 

S imi lar  a s so ciat ions between LH and t e s to s t e rone have 

been detected i n  rams ( San ford et a l . ,  1 9 7 4 ; Wi l so n  and 

Lapwood ,  l 9 7 8 a ;  l 9 7 9 a )  and boars  ( Sanford e t  a l . , l 9 7 6b ; 

Lapwood and F lorCruz , 1 9 7 8 ) . 

Occa s iona l r el e a s e s  o f  t e s to s t erone , una s soci ated with 

LH peaks , have be en r eported in s everal spec ie s , for  example 

in rams ( Sc hanbacher and Ford , 1 9 7 6 ; Wi l son and Lapwood , 

1 9 7 8�) , bul l s  ( Smith e t  a l . , 1 9 7 3 ;  We l sh e t  a l . ,  1 9 7 9 )  and 

boar s  ( Lapwood and FlorCru z , 1 9 7 8 ) . Furthermore , Wi l son 

and Lapwood ( 1 9 7 9 a )  observed no cons i st ent r e lat ion s h i p  

between L H  a n d  t e s to sterone peak s i n  6 week s  o l d  ram l amb s , 

whi l e  a 1 : 1  r e l a t ionship between the two hormone s wa s 

recorded f rom 1 4  week s  o nward s .  
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( i i i )  Gonadotroph in s , cortico s teroids and pro lactin 

We l sh et al . ( 1 9 7 9 )  examined i nterre l ation ships between 

per ipheral blood concentrat ions o f  corticostero i d s , LH and 

testosterone concentrat ions in bu l l s . They concluded that 

al terat io n s  i n  endogenous c oncentrat ions o f  cortico s tero ids 

inf luenced the per ipheral c onc entrat ions of LH and te sto st­

erone and a l so that adrenal dys f unction cou l d  s ignif icantly 

i n f l uenc e t e s t icular funct ion in the bull . However , no 

relationsh ips between plasma cort i so l  and pro lactin leve l s  

wer e obs erved in dairy cattle  ( Fulker son e t  a l . ,  1 9 8 0 ) . 

6 .  Phys i o logy o f  Reproduc tive Deve lopment in Ma l e s  

Puberty in ma les  commonly i s  d e f i ned a s  the t ime at  

which repro duct ion f i r st  become s po s s ible , that i s  when 

spermato z o a  are f i r s t  relea s ed ( Asde l l , 1 9 6 4 ) . Ma l e  puberty 

may a l so be de fined as a pha se 1n development when the 

endocr ine f unctions of the t e s t e s  become c l early ev i dent , 

and i s  termina ted w i th the appearance o f  spermato z o a  in the 
s emini ferou s tubu l e s  ( Donovan and van der We r f f  ten Bo sc h ,  

1 9 6 5 ) . The l atter de f in i t ion wa s a l so ascr ibed to by 

Skinner and Rowson ( l 9 6 8a )  and Sk inner et a l . ( 1 9 6 8 ) . 

However , attainment o f  puberty does not imply acqu i s ition 

of full reproduct ive capac i ty : s uch c apac ity 1 s  reached 

only at sexua l  matur ity , wh i c h  occurs at a l ater stage in 

deve lopment . In addit ion , whe r e a s  puberty in f ema l e  

anima l s  i s  marked b y  the occurrence o f  the f i r s t  behavioural 

oe strus , there i s  no s uch obvious man i f es tat ion of puberty 

i n  ma les . 

( a )  Deve lopment o f  Gonads 1n Rams and Boar s 

( i )  Prenatal 

Primordial  g e rm ce l l s , presumabl y  der ived f rom yolk 

sac endoderm , are pre sent i n  s he ep gonads a s  early as the 

2 9  th day a ft er concept ion and h i s to logical evidence 

o f  the d i f f erentiat ion of gonad s to t e s tes f ir s t  be comes 

apparent at  3 4  to 3 5  day s , with the appearance o f  the tunica 

a lbuginea ( Saps ford , 1 9 6 2 ) . In boar foetuse s f ormat ion o f  

the tunica a lbugi nea i s  iden t i f iable a t  around the 2 7  th 



day of  g e s t a t ion ( P el l iniemi , 1 9 7 5 ; P e l l iniemi e t  a l . ,  1 9 7 9 ) . 

Devel opment o f  androgenic s ecretory capac i ty by foetal 

testes h a s  been d e s c r ibed i n  ram s  (Attal , 1 9 6 9 )  and boa r s  
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(Moon and Rae s ide , 1 9 7 2 ; Rae s i de and Sigman , 1 9 7 5 ; Ford et al . ,  

1 9 8 0 )  to o c cur at around 3 0  days , we l l  be fore gonadal duct 

d i f ferentiat ion , which i s  evident by the 4 0  th day o f  

ge stat ion in sheep ( Saps ford , 1 9 6 2 ) and around the 1 . 5  cm 

crown-rump s tage i n  ma le pig  foetuses ( Raes ide and S i gman , 

1 9 7 5 ) . 

By the 4 2  nd day o f  deve lopmen t o f  mal e sheep f o etuses 

testis cords conta ining gonocytes and support i ng ce l l s  

( ind i f f e rent c e l l s ) are formed , wh i l e  inter s t i t i a l  c e l l s  

are prominent between the c ords . At this stage gonocytes 

are located centr a l l y  within the t e s t i s  cord s and are 

surrounded by ind i f f erent c e l l s  ( S ap s ford , 1 9 6 2 ) . Glandu lar 

inters t i t i a l  ce l l s  become obvious short ly a fter s exual 

di f feren t i a t ion o f  the gonads and are quite prominent by 

the 4 2  nd day o f  g e station . From 5 6  days up to  7 0  days o f  

gestation  the inter s t i t i a l  c el l s  increase i n  number 

( S ap s fo rd ,  1 9 6 2 ) . The hi s t o logical  change s wh i ch occur 1n 

ma le pig foetu s e s  are very s im i l ar to  those ment ioned for 

sheep a nd Leydi g  c e l l s  be c ome recognisable hi s to l o g ic a l ly 

around the 3 0 th day o f  g e s tation ( P e l l iniem i  e t  a l . ,  1 9 7 9 ) . 

( i i )  P o s tnatal 

The te stes increase i n  we ight and vo lume approx imately 

1n par a l l e l  with the po stnatal  increase in body we ight . 

such increases  i n  we ight have been reported for  r ams 

(Wat son e t  al . ,  1 9 5 6 ;  Ste f f e r t , 1 9 7 1 )  and boar s ( Hausser 

et a l . ,  1 9 5 2 ; F l o rCruz and Lapwood ,  19 7 8 ;  E sbenshade et a l . ,  

19 7 9 ) among o ther spec ie s . The con s i stency o f  the t e s te s  

become s harder with increa s i ng age , leve l l ing  o f f  and 

becoming sof ter in the adul t animal due to fat  depo s i t ion . 

The se c hanges have been d emo n s trated in bul l s  ( Coulter  

et al . ,  1 9 7 5 ; 1 9 7 7 )  a s  we l l  a s  boar s ( E sbenshade e t  a l . ,  

1 9 7 9 ) and the authors  sugge sted u s ing tes t i c u l ar con s i stency 

a s  an index of  t he d i f f e r e n t  s tag e s  o f  puberty i n  the above 

specie s .  



H i s to lo g i c a l l y  the semini ferous tubules o f  neonatal 

testes  appear a s  sol id cords i n  wh i ch only two typ e s  o f  

ce lls  are d i st ingu i shable ( S e tche l l , l 9 7 8 ) . The s e  are  the 

supporting c e l l s , wh ich unde rgo trans formation to Sertol i 

c e l l s  later i n  l i fe , and the prosperma togon i a , whi ch give 

r i s e to the spermatogenic ce l l s . H i s tological  st ruc tures  of 

this type have been descr ibed both for rams ( Sapsford , 

1 9 6 2 ; Skinn er and Rowson , l 9 6 8 a ;  S kinner , l 9 7 la ;  S t e f f e rt , 

1 9 7 1 ;  Wi l son , 1 9 7 7 ;  Lee et a l . ,  1 9 8 1 )  and boa r s  ( P h i l ips 
and Andrews , 1 9 3 6 ;  Hauser e t  a l . ,  1 9 5 2 ; McFee and Eblen , 

1 9 6 7 ) . Germ ce l l s  are at f i r s t  mo re centra l l y  placed · 
wi thin the s ex cord s than are  supporting ce l l s . However , 

be fore spermatogenes i s  beg ins they migrate towar d s  the 

basement membr ane of the s emini f erous tubules  ( Sapsford , 

1 9 6 2 ) . 

The inte rstitial  cel l s  o f  L eydig are the sourc e o f  

testicular androgens (Gome s ,  1 9 7 0 ) . I n  rams c l u s ters  o f  

Leydig c e l l s  are fo und scattered a t  ra ndom i n  abundant , 
loose , per i tubu lar connect ive t i s sue , while i n  boar s 

the inte r s t i t ial  space i s  a lmo s t  f i l l ed with large quantit­

ies o f  c lo s e l y  packed Leydig c e l l s ( Setchel l ,  1 9 7 8 ) . U s ing 

h i s to log i c , h i s tomorphometr ic and his tochemi c a l  methods , 

van S traaten and Wens ing ( 1 9 7 8 )  demonstrated that Leydig 

c e l l s  from pig  testes show two developmental and act ivity 

phase s : one perinata lly and the o the r from 1 3  wee k s  

pos tpartum onward s .  However ,  no such s triking changes 

i n  relative n umber s  o f  g l andul ar inte r s titia l c e l l s  were 

observed at d i f f erent stages of deve lopment in t e s t e s  o f  

r ams ( S a p s f or d , 1 9 6 2 ) . 

( i i i )  Pre-puberta l and puber t a l  

P re -pubertal deve lopment o f  the s emi n i f erous t ubul e s  

i s  ma rked by c e l l  d ivis ion s  and d i f f er enti at ion whi c h  

co incide w i t h  the rapid inc r e a s e  in testi s  we ights  
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( S etchel l ,  1 9 7 8 ) . Both the l ength and diameter o f  s eminifer­
ous tubu l e s  i ncrea s e  with a g e . In  Romney ram l amb s a max ima l 

seminiferous  tubular diame ter o f  1 9 6 . 7 l  JJ m wa s rec orded at  

32  weeks o f  age by Wi l son ( 1 9 7 7 ) , whi l e  i n  Large Whi te x 

1 



Landrace boar s a max ima l d iame ter o f  2 1 3 . 0 0 � m was reported 

by FlorCruz and Lapwood ( 1 9 7 8 )  to occur at 2 1 6  day s . 
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Dur ing prepubertal deve lopment gonocyte s are tran s formed 

into pro spermatogonia , the number of nuc leo l i  i s  r educ ed 

to one and nuclear d imen s ions  i ncrea se ( Sap s ford , 1 9 6 2 ; 

Setchel l ,  1 9 7 8 ) . P ro spermatogonia move to the basement 

membra ne , trans form into type A sperma togonia and then 

start mul t iplying r apid ly , both by mitotic and me iotic 

divi sion s , g iving r i se to sperma tocytes and sperma t ids , 

re spec t iv e l y  (Courot et a l . ,  1 9 7 0 ;  Setchel l , 1 9 7 8 ) . 

Deta i l ed h i s to log ical  s t ud i e s  involving s e r i a l  castrat ion 

exper iments with Romney ram l ambs ( S t e f fert , 1 9 7 1 ;  Wi l son , 

1 9 7 7 )  have indicated that pr imary spermatocytes  f i r s t  

appear in s emini fer ous tubu l e s  at  around 1 4  week s  o f  age , 

wh ile  round s permat ids and spermatozoa were identi f ied by 

18 we ek s . Mature s perma to zoa within the epid idyma l tubu l e s  

were recogn i sed at  2 2  week s . However , it  i s  c l ear that the 

timing of f i r s t  appearance s  o f  the se c e l l  types  is breed­
dependent , for example sperma tocyte s and spermatoz o a  d o  not 

appear in t e s tes  of Me rino/Cor r i edale ram lamb s u n t i l  

between 3 1  and 3 6  week s o f  a g e  ( Lee et al . , l 9 7 6b ;  L e e  e t  al . ,  

1 9 8 1 ) . The age s a t  whi ch var i ou s  c e l l  type s o f  the sperm­

atogenic c y c l e  appear in semini f erous tubu l e s  of ram l ambs 

o f  d i f f erent breed s have been s ummar i sed by Dyrmund s son ( 1 9 7 3b ) . 

S im i l a r  between breed d i f f erenc e s  a l so have been 

repor ted to o ccur in boa rs . For example , Andr ews a nd 

Warnick ( 1 9 4 9 )  ident i f ied mature sperm in s emini ferous 
tubules o f  Duroc boars a t  1 1 0  days of age , wh i l e  i n  White 

King and Land Roe boars mature sperm appeared only at 1 3 0  

days . S im i l ar ly Hauser e t  a l . ( 1 9 5 2 ) found d i f ferenc e s  
between Pol and China and Hampshire boars . 

As f a r  a s  Landrace x Large White boar s are concerned , 

F lorCru z and Lapwood ( 1 9 7 8 )  u sed serial  castrat ion and 

qual itative histological  me thods to characte r i se the 

course of testicular  deve lopment . I n  4 3  day o l d  boar s  only 

two type s o f  cel l s  were evident , pro spermatogonia and 

supporting c e l l s , but at 9 0  day s of age spermatogonia and 

occasional  primary spermatocytes  wer e  seen and the 



support ing c e l l s  had s t arted to a s sume adult Serto l i  c e l l  

mo rpho logy . By 1 2 7  days a few e longated spermat i d s  wer e  

iden t i f ied , wh i l e  spermatozoa were abundant at 1 4 6 d a y s . 

The author s conc luded that puberty had o ccurred in boa r s  o f  

that cros sbreed a t  between 1 2 7  and 1 4 6  days o f  age . 

General h i s tological features o f  the spermatogenic  

proce s s  are outs i de the scope of  t h i s  review , but have been 

reviewed exten s iv e ly ( Roosen-Runge , 1 9 6 2 ; Courot et a l . ,  

1 9 7 0 ;  C l ermont , 1 9 7 2 ; Setche l l , 1 9 7 8 ) . Spec i f i c c yto logical  

deta i l s  o f  the c ourse of  spermatogene s i s  in  rams and boa rs  

have been d e s c r i bed by Courot et a l . ( 1 9 7 0 )  and Swier stra 

( 1 9 6 8 ) , respec tive ly ,  wh i l e the durat ion o f  the cyc l e  o f  

the semini ferou s  tubule i s  1 4  to 1 5  days in rams ( Courot 

et a l . ,  1 9 7 0 ) and 8 to 9 days for bo ar s ( Swierstra , 1 9 6 8 ) . 

Two ma j or s truc tura l chang e s  occur prior to init iation 

of spermatogene s i s in mammal ian t e s t e s . These  are : 

( a )  formation o f  the blood tes t i s  barrier and ( b )  forma t ion 

o f  the central l umina in the semin i f erous tubu l e s  ( Setchel l ,  

19 7 8 ) . The blood t e s t i s  bar rier o f  rodents incl ude s myo i d  

cel l s  s urrounding the s emini ferous tubule s ,  but i n  pr imat e s  

it i s  b u i l t  s o l e l y  o n  tight Serto l i  c e l l  j unct ions 

(Fawcett , 1 9 7 7 ) . 

The centra l  l umina o f  the s emi n i f erous tubul es  f i r s t  

J appear at  betwee n  1 2  and 1 4  weeks o f  a ge i n  Romney r am lamb s 

(Wi l son , 1 9 7 7 ) and  approx imately 1 3  weeks in Large 

White x Landrac e bo ars ( F lorCruz and Lapwood , 1 9 7 8 ) . 

Except in extremely seasona l breed ing spec i e s  the 

spermatogenic proce s s  is un interrupted a fter pube r ty . Thi s  

cont inu i ty i s  prov i ded b y  the cyc l ic r enewal o f  s tem ( type A )  

spermatogonia a l l  t hrough the anima l ' s  l i fe : each o f  t hem 

g iving r i se to f ur ther s t em sperma togen ic c e l l s . I n  sheep,  

breed d i f ference s  i n  the t ime o f  f ir s t  appe arance o f  

spermatozoa in e j a cu l ate s have been s ummar i z ed by S kinner 

and Rowson ( 1 9 6 8a ) ; the s e  ages range f rom 1 0 3  days i n  

S u f f o l k  c ro s sbr e d s  t o  2 1 3  d a y s  i n  Mer i no s . No such s ummary 

appe a r s  to have been prepa red for boar s . 
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S emen can be col lected f rom the time o f  puberty onwards 

and the s pe rm output increa s e s  with age unt i l  sexual 

matur i ty . However ,  in dome st i c  mammal s  the semen produced 
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at pube rty i s  o f  poor qua l i ty a s  mot il ity i s  low and abnorma l 

spermato z oa are more numerou s  than in e j acu l at e s  o f  normal 

adults ( Courot , 1 9 7 8 ) . 

( b )  Deve l opment o f  Other Organs o f  Reproduct ion i n  Ma l e s  

( i )  Prenatal 

Tran s format ion of  t he ind i f fer ent urogenital tract to 

the ma l e  type i s  determined by secret ions of t he foeta l 

teste s . Foetal and neonatal c a strat ion stud i e s  have demon-

strated that norma l phenotypi c  deve lopment i s  programmed 

towards t he femal e  type , and ma le structural format ion 

only occur s as a con sequence o f  such secret ion s by the foetal 

testes ( Jo s t , 1 9 7 6 ) . 

Androgens , secreted by the Leyd ig cell s ,  and/or ant i­

Mu llerian hormone (AMH ) synthe s i sed by the Sert o l i  ce l l s  

during foetal l i f e , cause r e g r e s s ion o f  pot ent ial ly fema l e  

duct system structure s (Mul l e r ian ) and fac i l itate s deve l opment 

o f  ma l e  precur sor s o f  the Wo l f f ian duct sy stem ( Jo s so et al . ,  

1 9 7 7 ; 1 9 8 0 ) . Thi s sexual duct d i f f erent iat ion occur s by the 

4 0  th day o f  foet al  l i f e  l n  sheep ( Saps ford , 1 9 6 2 ) , wh i l e  

ln bo ar s i t  i s  compl eted b y  t h e  1 . 5  cm foetal crown-rump 

stage (Moon and Rae s ide , 1 9 7 2 ) . AMH is a g l ycoprote in 

secreted by Sertol i  cel l s  dur i n g  foetal li fe a nd ha s a 

mo lecul a r  we ight o f  1 2 4 , 0 0 0  ( Jo s so et al . ,  1 9 8 0 ) . 

( i i )  P o stnatal 

a .  Epid idymis 

Studies  wi th rams (Wat son et a l . ,  1 9 5 6 ;  S k inner e t  al . ,  

1 9 6 8 ; S t e f fert , 1 9 7 1 )  and boa r s  ( Haus ser et al . ,  1 9 5 2 ; N iwa 

and M i z uho , 1 9 5 4 ) have demons t rated that epid i dymal we ight 

increa s e s  during pubertal deve lopment are mo re c l o s e l y  

re lated to test icular we ights t han to body we ight s o r  age . 
The ma j or h i stolog ical change s that occur i n  t he epididymide s  

are found to b e  s imilar i n  mo s t  spe c i e s ; t hey include an 

increa s e  in epid i dyma l t ubul a r  diameters  and d i f ferent iation 



of the epithe l i um from a s imple co lumnar type to pseudo­

strat i f ied , with concurrent incr eases  in ep ithe l ial  he ight 

and the deve lopment of ster io c i l ia on their lumina l borde r s  

(Asd e l l , 1 9 6 4 ; Set che l l ,  1 9 7 8 ) . 

b .  Ac ces sory sex g l ands 

The acc e s sory sex g l ands incl ude the pro stat e , seminal 

vesic l e s  and the bulbourethral glands . Growth o f  these 

organs i s  mor e  h i ghly cor r e l ated with testicul ar we ight 

than with body we ight (Asde l l , 1 9 6 4 ) . Histolog ic a l l y  

the se g lands have the s ame appearance in young anima l s  a s  

i n  adult s ,  but they undergo changes  i n  we ight , secretory 

ep ithe l ial  he ight and sec retory capac i ty a s  t he animal 

approaches puberty . In  rams it has been reported that the 

c it r i c  a c id and fructo s e  cont ent s o f  the seminal ves icular 

secre t ions increa s e  with approaching puberty and are highly  

corre l a t ed with  testi cul ar androgen product i on ( Sk i nner 
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and Rowson , l 9 6 8 a ; Sk inner e t  a l . ,  1 9 6 8 ) . In  hypophy sectomi sed 

adult  boars Morat et al . ( 1 9 8 0 )  demon strated that the 

secretory capa c i ty o f  the s e  organs a l so wa s androgen dependent . 

c .  External genital i a  

Both the pen i s  and scrotum exhibit rap i d  growth dur i ng 

puberty and their deve lopment i s  comp leted by the t ime o f  

pube rty i n  rams ( Dun , 1 9 5 5 ; Watson e t  al . ,  1 9 5 6 ; Sk inner 

and Rowson , 1 9 6 8�) and boa r s  (Cheng et al . ,  1 9 6 4 ) . 

S eparat ion o f  adhe s ions  between the prepuc e , pen i s  and 

urethra l  proc e s s  is another change whi ch oc c ur s during th i s  
per iod . The adhes ions f i r s t  d i sappear f rom the urethral 

proc e s s  of rams a t  approx imately 15 weeks of age ( John stone , 

1 9 4 8 ;  S k inner , 1 9 7 1�) and f inal ly f rom the pen i l e  sha f t  a t  

around 2 0  weeks  (Wiggins  and Terr i l l , 1 9 5 3 ; Dun , 1 9 5 5 ; 

Skinner and Rowson , l 9 6 8 a )  . Breakdown o f  adhe s ions i s  

androgen-dependent s ince s eparat ion i s  not c ompl ete i n  

wether s even a t  o n e  year o f  a g e  ( Johns tone , 1 9 4 8 ) . On 

the other hand c ompletio n  o f  separat i on between the pen i s  

and the penile  part o f  the prepuce occurs i n  boar s a t  

approx imat e ly 5 months o f  a g e  ( Cheng e t  al . ,  1 9 6 4 ) , whi l e  

pen i l e  growth i s  mo st rapid a t  7 - 8  months (Niwa a n d  Mi z uho , 

1 9 5 4 ) • 



( i i i )  F ac tors a f f e c t ing puberty i n  ma l e s  

Factors  a f fect ing sexua l deve lopment i n  ewe and ram 

lamb s have been r ev i ewed by Dyrmunds son ( l 9 7 3 a ;  l 9 7 3b ) . 

Al though the ontogeny o f  the proc e s s  i s  large l y  determined 

geneti c a l ly , the norma l rate of  maturat ion c an be mod i f ied 

by envi ronmental i n f luen ces  ( Donovan and van der Wer f f  ten 

Bo sch , 1 9 6 5 ; Land , 1 9 7 8 ) . Environmen tal  fac tors wh ich  

influence reproductive devel opment are : d a i l y  photope r iod , 

temperature , stre s s , nutr i t ion and soc i a l  and sexu a l  

stimul i .  

a .  Genet i c  factors 

I n formation on the i n f l uence of genetic facto r s  in 

i n f luenc ing reproductive deve lopment i n  rams and bo ars ha s 

been obta ined f rom s tud i e s  on pure breeds and the i r  c ro s se s . 

Some examples  i l lu strate thi s po int . Ram lambs o f  the 

Finn i s h  Land rac e breed ma ture mo re rapid ly t han do Me r i no s , 

wh i l e  Sou thdown ram lamb s mature a f ew weeks ear l i er 

than do Hampshire rams ( Carman and Green , 1 9 5 2 ; Terr i l l , 

1 9 7 5 ) . S imilarly boars o f  the cro s s  betwe en Kirin and 

Berkshire  breeds mature earl ier than do tho s e  of the pure 

breeds ( Cheng e t  a l . ,  1 9 6 4 ) . Final l y , Duroc boar s atta in 

puberty ear l ier than Whi t e - King or Land-Roe breeds 

(Andrews and Warn i c k , 1 9 4 9 ) . 

b .  E f fects o f  sea son , l ight , tempe rature and s tr e s s  

The delaying e f fects  o f  shortened day-l ength , extreme 
t emperatures and s t r e s s f ul manipu l a t i on s  on the occurrence 
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o f  puberty have been repo rted in f ema l e , but not ma l e  rodent s 

( Donovan a nd van der  Wer f f  ten Bo sc h , 1 9 6 5 ) . In ram l amb s 

S k inner and Rowson ( 1 9 6 8 �  observed a de l ay i n  reprodu c t ive 

deve lopment in lamb s  born in late s ummer compared to tho s e  

born i n  spr ing and  sugge s ted tha t s e a sonal f ac tors s uc h  a s  

environmental day l i ght ( photoper iod ) i n f l uenced sexua l 

deve lopment . 

Advancement o f  p uberty , by expo s ing developing boa r s  

t o  extended dai l y  l i ghting ( 1 5 hour s/day ) ,  d ur ing 

natural l y  occur r i ng s hort days wa s demon s trated by Mahone 



et al . ( 1 9 7 9 ) . Thi s conc ept was  con f i rmed by Berger e t  a l . 

( 1 9 8 0 )  who reported that extended photoperiods had a 

bene f i c i a l  e f fec t on age a t  i n i t iat ion o f  behav ioural  

pube rty as  me asured by l ib ido scores and perc entage of  

anima l s  f r om wh ich semen cou l d  be col l ected . 

Al though a decl ine in f e rt i l i ty has been observed ln 

adult rams ( Van Demar k and Free , 1 9 7 0 ) and boar s 

(Wettemann e t  a l . ,  1 9 7 9 )  f o l l owing expo sure to h igh 

temperature s ,  there apparently i s  no evidence to i l lustrate 

any d irect e f fect of high temperatures on pubertal deve l op­

ment in ma l e  dome s t i c  animal s .  Age at  maturat ion and 

spermatogen ic potential o f  boar s doe s not d i f f e r  much 

in the tro p i c s  as c ompared with temperate zone s (Egbun ike 

and Steinbach , 1 9 7 2 ) . 

c .  Nutr i t ion 

Reproduc tive capac i ty o f  adul t ma le anima l s  is af f e cted 

by level o f  nutr i t ion (Al lden , 1 9 7 0 ;  Leathem , 1 9 7 0 ) . In 

add ition very low energy i ntake delay s  the onset of sexual 

matur ity (Mou stgaard , 1 9 6 9 ) . This has been con f i rmed both 

in rams ( Wat son et al . ,  1 9 5 6 ) a nd boar s (Burg e r , 1 9 5 2 ; 

Dutt and B arnhart , 1 9 5 9 ) . S tud ies o f  sexua l development 

of ram lambs under contro l l ed f eeding conditions  have 

demonstrated that tho se reared on higher plane s o f  
nutr ition normally  attain puberty a t  lower ages  and heavier 

body we ight s than do rams on l ower l ev e l s  of f e ed ing 

(Mar incow i t z , 1 9 6 6 ) . Under c onditions o f  i nadequate o r  
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poor nutr i t ion , the androgeni c  f unction of the testes  i s  

retarded more markedly tha n  i s  spermatog ene s i s  ( Sk inner and 

Rowson , l 9 6 8 a) . Mann ( 1 9 6 4 ) s ug g e s ted that this  e f f ect was 

mo st l i k e l y  due to lack o f  gonadotrophins f rom the pitu i tary , 

rather than i nab i l i ty o f  t e s t e s  to produce androge n s . 

However , f r om research on he i fe r s  reared under c ond itions 
of  restric ted energy intake Gornbe and Han s e l  ( 1 9 7 3 )  

demon str ated tha t  gonadal hypo func t ion was more evident 

than pitui tary hypofun c t io n . 

d .  Soc i a l  and s exual s t imul i  

The e f fe c t s  o f  s oc ial  environment and sexual s t imu l i  



on reproduct ive d eve lopment have been s tud ied exten s iv e ly in 

f emales  ( P arkes and Bruce , 1 9 6 1 ; Wh itten , 1 9 6 6 ) , but l e s s  so 

4 4 • 

in ma l e s . Re aring ram l amb s in d i f ferent social  environments 

such a s : i solation , a l l  male groups , and mixed sex groups , 

did not have any e f f ect on plasma testoste rone l eve l s  or  

maturat ional proc e s ses  such a s  sexua l behavi our ( I l lius  et al . 

1 9 7 6a ) . Th i s  conc ept wa s f urther conf irmed by re search on 

e f fects of ewe proximity on p l a sma testos terone level s 

( I l l ius  et al . ,  1 9 7 6b ) ; no s igni f i c ant a l terations in 

pl asma hormone leve l s  wer e  detected . 

S imi l ar resu l ts have been r ecorded from developing 

boa rs r eared in d i f ferent social condition s : i so l ation , 

a l l  ma l e  groups , and mixed sex group s , f rom 3 to 3 0  weeks 

o f  age . Al though the resu l t s  did not show a ny s ig n i f ic ant 

e f fects of the t r eatments on phy s i c a l  or sexual development , 

or age at puberty , the behav ioural patterns exhibited at  
court ing and copu l ation were a l tered in an ima l s  reared in 

i solation ( Hemsworth et al . ,  1 9 7 7 ) . The e s tabl i shment of 

socia l hierarc h i e s  among st bo ars (Frase r , 1 9 7 4 ) ha s been 

sugge sted as a po s s ib l e  factor which i n f luenc e s  the androgenic 

capac ity of the t e s te s , and subordinate bo ar s i n  the group 

have lower pla sma leve l s  o f  phe romonal stero ids  and del ayed 

onset o f  testicular  stero idogene s i s  (Andre sen , 1 9 7 6 ) . 

Expo sure to bo ars  during deve lopmen t a l so ha stens the 

pubert a l  proc e s s  i n  g i l ts (Mavrogen i s  a nd Rob in son , 1 9 7 6 ;  

Thompson and S avag e , 1 9 7 8 ) , but no such dat a i s  ava il abl e 

for bo ar s . 

7 .  P repuberta l Neuroendocr ine Mec han i sms 

( a )  Foetal 

( i )  Rams 

Foetal  pituitary t i s sue conta i n s  an increas ing amount 

o f  bioac t ive LH over the f i nal 3 0  days of intrauter ine l i fe 

( Foster et a l . ,  1 9 7 2 c ) . However d e spite the s e  r i s i ng 

concentration s , p l asma LH l eve l s  decrease l a t e  in gestat ion 

( Fo ster et a l . ,  1 9 7 2b ) . A similar pattern a l so wa s observed 
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for foetal pla sma F SH l eve l s  (Gluc kman et a l . ,  1 9 8 0 ) , but 

no data appear s to be ava i l able regarding p i tui tary leve l s 

o f  that hormone . The foetal  pitu itary i s  able to re spond to 

GnRH by the 80 th day of g e s tation , and from that t ime onwards  

the  magni tude o f  gonadotrophin responses  to  re l eas ing 

ho rmone paral l e l s  the chang e s  i n  p l a sma gonadotrophin l e ve l s  

(Fo ster e t  a l . , 1 9 7 2 b ;  Gluckman e t  a l . ,  1 9 8 0 ) . 

On the othe r hand Atta l ( 1 9 6 9 ) reported that foet al  

te s t icular androgen s ecretion reached peak l eve l s  around the 

7 0  th d ay of gestation . 

Lacto trophs were f i r s t  i denti f ied in the ovine foetal 

p i tuitary by e l e c tron micro s copy at  about the 75  th day 
o f  ge stat ion (Al exander et a l . ,  1 9 7 3 ) , but with immu no f l uxffi c ence 

t echnique s they we r e  not detectable  until  around the 8 0  t h  d ay 

( S tokes and Boda , 1 9 6 8 ) . P l a sma pro lac tin l eve l s  reached 

detectable  l eve l s  by the 8 7  th day of gesta t ion and remained 
low up t i l l about the l a s t  month o f  pregnancy (Mue l l er et al . ,  

1 9 7 9 ) . The same autho rs a l so recorded e l eva ted plasma 

pro lactin leve l s  towards the end o f  g e s tation , but d i d  not 

obs erve any d i f f erence in p l a sma concentrations  between 

ma le and f ema le foetu s e s . 

( i i )  Boar s 

Col enbrander e t  a l . ( 1 9 7 7 )  mea sured serum LH conc entrat ­

ions i n  ma l e  pig foetu s e s  and found that they were ver y  

low up t o  the s econd trime s ter o f  pregnancy , then increa s ed 

gradua l ly up to the second week o f  po s tnatal l i fe . However ,  

there have been no repo rts  on foeta l p i tu itary re spon s e s  

t o  GnRH admin i strat ion , foeta l hypothalamic GnRH content , 

nor pla sma FSH or prolactin l eve l s  i n  boar foetuse s . 

By way o f  c ont r a s t  s erum testo st erone c oncentrations  

in ma le p ig foetus e s  are e l evated f rom day 3 0  o f  gestat ion 

to day 3 5 , then decrease to low l eve l s  by the t ime of b irth 

( Co l enbrander e t  a l . ,  1 9 7 8 ; Ford e t  a l . ,  1 9 8 0 ) . 

The hormonal data  for r am and boar foe tu s e s  c l early 

indi cate that foetal  testes i n  the s e  spec ies  are c apab l e  

o f  s ecre t i ng te s to s te rone during t h e  per iod o f  s exua l  



d i f ferentiat ion . The probabl e ro l es o f  testicular androgens 

in  sexual d i f ferentiation  are dealt with more fully on 

page s 3 6  and 4 0 . 

8 .  Postna tal and Pubertal Endocr i ne Patterns in  Rams and 

Boars 

( a )  Rams 

Deta i l s  of ho rmonal  secretory pattern s  in deve loping 

ram l ambs have been reviewed by Wi l son ( 1 9 7 7 ) ,  wh i l e  in form­
at ion on factors a f fect ing pube rtal deve lopment in ram l amb s 

have be en reviewed by Dyrmundsson ( 1 9 7 3E) .  I n  the fol lowing 

sect ion current knowledg e  o f  the endoc r ine changes o ccurr ing 

in  ram lamb s from bi rth t hrough puberty wi l l  be s ummar i z ed . 

( i ) LH 

Mean plasma LH l ev e l s  dur i ng the f i rst few weeks  a f ter 

birth are lower than t ho s e  recorded in the l atter stages  o f  

intrauterine l i fe ( Fo s ter e t  a l . ,  1 9 7 2c ) . P l a sma LH 

concentrations show a s teady r i se from birth unt i l  approx­

imate l y  7 0  days , whereupon they become var iable , but rema in 

e l eva ted until  about the 1 5 th week o f  l i fe (Courot e t  a l . ,  -----
1 9 7 5 ; Lee et a l . ,  1 9 7 6a ;  Wi l son and Lapwood , 1 9 7 9 a ; Le e 

e t  a l . ,  1 9 8 1 ) . Th i s  general pattern has  been recorded i n  

ram l amb s , born both i n  spr ing a s  we l l  a s  a utumn ( Courot 

et a l . , 1 9 7 5 ) . P i tu i t ar y  LH content a l so ha s been observed 

to r i s e sharply at between 2 0  and 8 0  days of age and rema in 

high thereafter ( Fo s te r  e t  al . ,  1 9 7 2c. ; Courot et a l . , 1 9 7 5 ) . 

As far a s  the character i st i c s  o f  LH secret ion are 

concerned , Fo ster e t  a l . ( 1 9 7 8 )  recorded pul sa t i l e  

re l ea se o f  L H  a s  e a r l y  a s  two week s  o f  age and this  ob serv­

ation wa s recently conf irmed by S avoie e t  a l . ( 1 9 7 9 ) . 

( i i )  FSH 

4 6 .  

Re l a t ive l y  constant plasma leve l s  o f  F S H  have been 

re corded f rom ram l ambs aged betwe en 3 0  and 1 5 0  days o f  age 

( C r im and Ges chwind 1 9 7 2 a ) . However ,  Lee et a l . ( 1 9 7 6 a ; 

1 9 8 1 )  observe d  an i nc r e a se in pl a sma F S H  leve l s  f rom b i rth 

to 5 weeks of age , with l it t l e  change t herea fter . By way o f  



c ontr ast  S avo ie et al . ( 1 9 7 9 )  did not observe any speci f ic 

t rend in p l a sma FSH l eve l s  between birth and 2 months o f  age . 

4 7 .  

Epi sodic f luctua t ions i n  plasma FSH leve l s  have been 

obs erved as early as the second week a fter b i r th , a l though 

they were not as marked as tho se for LH ( Savo ie et al . ,  1 9 7 9 ) . 

( i i i ) P ro l actin  

P la sma pro lactin concentrations in ram l amb s born in 

spr ing tended to be h igher than tho se recorded from autumn 
born anima l s  ( Ravault e t  a l . ,  1 9 7 7 ) . I n  po stnatal l i fe 

concentrat ions of thi s hormone gener a l l y  fo l l ow photoper iod­

induced s e a sonal pa tterns  as d i scus sed be low . 

Ravau l t  and Courot ( 1 9 7 5 )  stud ied plasma pro lactin 

leve l s  o f  a utumn born ram l amb s , f rom birth to 1 7  we eks 

of age . Exc ept for a peak recorded at around 1 0 - 1 2  weeks 

of  age , p l a sma con centrat ions gener a l ly var i ed in phase with 

l ength of  daily pho toperiod . That peak coinc ided with the 

t ime of onset  of a rap i d  increase in t e s t i s  weights and the 

onset o f  sperma tog ene s i s . S ub s equen t l y  Ravau l t  ( 1 9 7 6 )  

reported a l ongitudina l  study o f  plasma pro l a c t in leve l s  

f rom birth t o  3 ye ars  o f  age . He observed a s imi l ar peak 

at about 1 0  weeks a f t e r  wh i c h  p l a sma prol act i n  leve l s  

var ied i n  phase with da i l y  photoper iod . I n  a s tudy wi th 

spr ing born Romney r ams Wi l son and Lapwood ( 1 9 7 9�) found 
that p la sma prolac t in l eve l s  increased from b irth to 

highe s t  leve l s  dur ing the s ummer months , then f e l l to low 

concentrations by 8 months o f  age (win ter ) .  

S ubsequent exper iments  i n  the French r e s earch prog r amme 

on the ro l e  o f  prol ac tin  in s exua l matur ation o f  ram lamb s 

wer e  r eported by Ravau l t  et  a l . ( 1 9 7 7 )  and Barenton and P e l l e t i er 

( 1 9 8 0 ) . They u t i l i s ed l amb s born both in spr ing a nd 

autumn , a s  we l l  as treatment with the pr olac t in inhibitor -

2Br- a ergocr ypt ine ( CB 1 5 4 ) . Depre s sed pro l ac t i n  secre t i on 

had no e f fe c t  on LH o r  t e sto sterone secretio n , testicular 

growth , onset of  spermatogene s i s  or developmen t  o f  t e st ic u l ar 

LH receptor s , however ,  s eminal ve s ic ular growth and f un c t i on 

wa s retarded . 

Rec en t  work by How l e s  e t  a l . ( 1 9 8 0 )  ha s added we ight 



to the concept that prol actin apparently doe s  not play a 

cr it ical ro l e  in te s t i c u l ar development in ram l ambs . The s e  

authors ut i l i sed con s tant short ( 8  h r  l i gh t )  or  long 

( 1 6  hr l ight ) daily photoperiod s , and de spite widely  

divergent p l asma prom ct in l evel s there were no  d i f ferenc e s  

i n  te s t icul ar we ight s . However ,  the same authors  sugge sted 

that prolactin may be i nvo lved in med iat ing s exua l 

behavioural respons e s  to change s in photoperiod . 

Epi sod ic pro lac t in s ec retory patterns have been 

4 8 .  

dete cted f rom the s econd week o f  pos tnatal l i f e ( Savo ie et a l . ,  
1 9 7 9 ) . 

( iv )  Te st icular stero i d s  

I n  rams testos terone i s  the dominant androgen f rom 

birth ( Sk inner e t  a l . , 1 9 6 8 ; At tal et a l . ,  1 9 7 2 ) . Crim 

and Geschwi nd ( l 9 7 2b )  found an age -relat ed r i s e  i n  sperma t i c  

v e i n  testo s terone l eve l s  up t o  3 0  week s , with highest 

value s  occurr ing once i n i tiat ion of spermatog ene s i s  wa s 

comp lete . However , Lee e t  a l . ( 1 9  7 6 a) found that plasma 
t e s to s terone leve l s  peaked at 4 0  weeks o f  age , whi l e  

Wi l l iams e t  al . ( 1 9 7 6 )  r ecorded higher androgen l eve l s  in 

yearl ing rams than i n  adu l t s . Wil son and Lapwood ( 1 9 7 9�)  

obs erved that testo s terone leve l s  of Romney r am l amb s 

increa sed with age f rom b irth to 3 2  week s . 

Pul sat i le testos terone secret ion has been det ec ted a s  

early a s  the f i r s t  week o f  l i fe ( Savo i e  e t  a l . ,  1 9 7 9 ) . 

Howeve r ,  no con s i stent r e lationship be tween LH and t e s t ­

o s te rone pu l se s  h a s  b e e n  ob served pr ior to 6 weeks o f  age 

( S avo ie et a l . , 1 9 7 9 ; Wi l son and Lapwood , 1 9 7 9 a ) ; only 

a f t e r  thi s age are mo s t  LH peaks fol lowed by t e s t o s terone 

s e c re tory spike s . 

( v )  Re spo n s e s  t o  GnRH 

S ince Arno s s  and G u i l lemi.n ( 1 9 6 9 ) demonstrated the 

r e l ease  o f  LH in rams ln re sponse to i n j ection of pur i f ied 

hypotha lami c extrac t s  of  GnRH , the e f f ic iency of  this  

hormone in e l ic i ting p i tu itary gonadotrophin r e l e ase in 

s heep has been wide ly documented ( Convey , 1 9 7 3 ; P e l l et i e r , 

1 9 7 6 ) . 
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I n  apparent l y  the f i r s t  report on the u se o f  GnRH i n  

ram l amb s Fo ster et al . ( 1 9 7 2�) recorded h i gher L H  re spon s e s  

i n  8 week o l d  rather than two week o ld anima l s .  Subs equent l y  

Ga l loway a n d  Pel letier ( 1 9 7 4 ) recorded a n  increase in LH 

output w i th age f rom 1 to 2 0  week s . Lee et al . ( 1 9 7 6�) 

reported the results  of  intracarot id infusions  of GnRH to 
ram l ambs and observed tha t max ima l p ituitary LH o utput 

occurred at 8 - 1 2  weeks o f  age . In contrast Wi l son and 

Lapwood ( 1 9 7 9�)  re corded max ima l LH secreto ry responses  
in ram lambs at  6 weeks of  age and lowe st r e spon s e s  at  3 2  

week s . That decl ine 1 n  LH secretory re spon s e s  corre sponded 

we l l  wi th the l inear decre a s e  in basal pla sma LH l eve l s  
ob served i n  a paral lel study (Wil son and Lapwood ,  1 9 7 9�) . 

D i ve rgent plasma FSH and LH re spon ses have been 

repo rted fol lowing GnRH admin i s tration to lamb ( Lee 

et a l . , 1 9 7 6b ;  Lee et al . ,  1 9 8 1 )  and adult r ams ( Hopk in son 

et a l . ,  1 9 7 4 ; P e l letier , 1 9 7 6 ; Lincoln , 1 9 7 8 ; 1 9 7 9a ) . FSH 

re spon s e s  recorded from s u ch exper iments alway s were l e s s  

pronounced , but more pro longed , than tho se f o r  L H  (Lee et a l . ,  

1 9 7 6� ;  Linco l n , 1 9 7 8 ;  1 9 7 9a; Lee et a l . ,  1 9 8 1 )  

I n  c ontra s t  total testosterone re spons e s  to exogenous 

GnRH have been shown to increase  with ag e ( Lee et a l . ,  

1 9 7 6b ;  Wi l son and Lapwood , 1 9 7 9b ) . This e f fect  probably i s  

due to a c ombination o f  an 1ncrease with age in the number 

o f  secret i ng Leydig ce l l s  ( Savo i e  et a l . ,  1 9 7 9 ) and an 

i ncrease in Leyd ig ce l l  rec eptor s ite s , wh i c h  are a s soc iated 

wi th s exua l mat urat ion ( Ode l l  and Swerd lo f f , 1 9 7 6 ) . 

( b )  Bo a r s  

Compared to t h e  s i tuat i on with rams , knowl edge o f  the 

endocr ine control o f  sexu a l  maturat ion in boar s , part i cularly  

o f  hypotha lamo-pituitary-te s t icular relationsh ips , is  sti l l  

l imited . 

( i )  LH 

Data on p l a sma LH l eve l s  during s exual maturat ion o f  

boar s were f i r s t  pub l i shed by Pome rantz e t  a l . ( 1 9 7 4 )  who 

used Got t i ngen miniature boar s . They recorded rest ing LH 



s o . 

leve l s  o f  0 . 6 ng/ml in puberta l boar s , as compared to 0 . 7  ng/ml 

in adul t boa r s  and 3 . 0 ng/ml in castrates . The same group 

of worke r s  f urther character i z ed the patterns o f  change in 

plasma LH levels f rom birth to 1 2  weeks of  age , but found 

no sign i f i cant change in LH levels  dur ing thi s per iod 

( E l saes ser  et al . ,  1 9 7 6 ) . 

Ford and Schanba cher ( 1 9 7 7 )  moni tored p l a sma LH l eve l s  

during t h e  f i rst 9 weeks o f  l i f e  i n  boars o f  dome sti c  breed s 

and recorded elevated LH l eve l s  from birth to 3 wee ks o f  

age ; the s e  then decl ined t o  l evels  observed in adult boars . 
Col enbrander et al . ( 1 9 7 7 ) recorded e levated serum LH l eve l s  

during the f i rst 3 weeks po stpar tum , which s ub s equent ly 

decreased with ag e . F lorCruz and Lapwood ( 1 9 7 8 )  reported 

data for p l a sma LH l eve l s  i n  Landrac e  x Large Wh i te boars : 

relat ive ly low leve l s , rang i ng f rom 0 . 2 0 to 1 . 2 5 ng/ml , 

were recorded from 4 1  day s to 8 2  day s o f  age , but a ma rked 

prepuberta l e l evat i on wa s seen between 1 1 0  and 1 5 2  days 

of age , wi th mean leve l s  ranging between 1 . 3 5 and 2 . 1 9 ng/ml ; 

plasma LH l eve l s  then de c l ined and s tabil ised at betwe en 

0 . 5 and 1 ng/ml . I n  the same s t udy the test icular histolog­

ical  data i ndi cated that puberty had occurred between the 

age s of  9 0  and 1 4 6  d ays . 

( i i )  FSH 

On ly one paper appears to have been pub l i shed regard ing 

the plasma FSH leve l s  o f  young boars (Colenbrander et a l . ,  

1 9 8 0 ) . High s e rum FSH  leve l s  ( 5 1 . 4 3� 1 2 . 6  ng/ml ) were 

recorded dur ing the f i rst  1 4  days  po stpartum ; these 
+ s ubsequently  decl i ne d  to 4 . 5 - 0 . 2 7 ng/ml between 5 6  and 8 4  

days , then a fter that age rema i ned relat ively c on s tant a t  

approximately 7 ng/ml . The h i gh per i natal serum F S H  l eve l s  

occurred a t  a t ime when LH l eve l s  a l so are high , when there 

are increa s e s  in Leydig c e l l  s ec r e t ion , and a l so ma rked 

increa ses  in l engths of s emin i ferous tubules ( Co l e nbrander 

e t  a l . ,  1 9 7 7 ;  1 9 7 8 ) . 

( i i i ) Prolact in 

No data appear s to have been pub l i shed o n  p l a sma 

pro lactin level s o f  boar s . 



( iv )  Te s t i c u l a r  s teroids 

I n  compari son with mo st o ther species bo ar testes  

have an  eno rmous amount o f  inter stitial  t i s sue . Th i s  t i s sue 

produce s a broad spec trum o f  steroids in three d i f ferent 

clas ses : androgens , � - 1 6  steroids  and oestrog ens ( C laus 

and Ho f fma n , 1 9 8 0 ) . However , t e s to s terone i s  the ma in 

biologi c a l ly active androg en secreted in adu l t  ( Linde r , 1 9 6 1 ;  

E l s aesser e t  a l . ,  1 9 7 2 )  and foetal boar s ( Ra e s ide and 

S igman , 1 9 7 5 ; Co l enbrander et a l . ,  1 9 7 8 ) . 

Spe rma t i c  ve i n  plasma l eve l s  o f  testosterone in bo ars 

aged 3 to 9 months were mea sured by Car l son e t  a l . ( 1 9 7 1 )  

and Gray e t  a l . ( 1 9 7 1 )  us ing thin layer chroma tography 

t echnique s .  Both groups recorded in creased concentrations 

of testo s t e rone towards puberty . 

Although Ford and S chanba cher ( 1 9 7 7 )  d id no t obs erve 

any increase in plasma testo s terone l eve ls o f  bo ar s 
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be tween birth and f ive week s , Meu s sey-Desscl l e  ( 1 9 7 6 )  found 

that conc entrat ion s o f  this  hormone increa sed up to 1 5 7  days 

a fter birth . Conver s e ly Co l enbrander and c o l l e agues ( 1 9 7 8 )  

monitored s er um t e s to s terone l eve l s  un til  1 1 7  days po stnatally 
and found that  in the per inatal per iod concentrat i on s  rose 

to 1 . 3 0 ng/ml by the 3 rd week , the n  only gradua l ly un t i l  

1 8  weeks , when they r eached 1 . 7 7 ng/ml . 

In cont r a s t  to this F lorCruz and Lapwood ( 1 9 7 8 )  recorded 

un i formly l ow plasma testosterone l eve l s  in boars  between 

4 1  and 8 2  days of age , then f rom 1 1 0  days the val ue s increased 

progre s s i ve l y  to a peak of 8 . 0  ng/ml when 1 3 8  day s o l d . 

After a per iod o f  dec l ine , dur i ng wh ich the l e ve l s  ave raged 

1 . 5 8 ng/ml , a s econd peak of 7 . 7 3 ng/ml was obs e rved at 

the 1 9 4  th d a y . Lat e r  concentrat ions f luctuate d  between 

1 . 4 0 and 3 . 8  ng/ml unt i l  2 1 6  days . Al though no s at i s factory 

expl anation could be g iven for the seco nd testoste rone 

peak , the f i r s t  peak coinc ided with the prepubertal  LH peak 

reported to o ccur between 1 1 0  and 1 5 2  d ays . 

I n  add i t ion to t e stosterone and androstened ione , a 

n umber o f  o the r androgens have been reported to be s e c reted 

by boar t e s te s . The se inc lude mus k  sme l l ing 1 6 -unsaturated 



c 1 9  steroid s , whi ch are known to serve as pheromones ( Gower , 

1 9 7 2 ) , and dehydro-epi andro sterone ( Huis  in ' t  Ve l d  e t  al . ,  

1 9 6 4 ; Booth , 1 9 7 5 ) . 

5 2 . 

The 1 6 -un s aturated c 1 9  stero ids  are weak androgeni 

( Gower , 1 9 7 2 ) , one of which has been ident i f ied to be S a ­

andro s tenone , f requently detected in boar fat and s uggested 

to be the cau s a t ive agent o f  ' taint ' in boar meat ( P atter son , 

1 9 6 8 ;  Andre s e n , 1 9 7 6 ) . The produ c t ion o f  S a - andro s tenone 

increases with age , and the source o f  origin has been 

con f i rmed to be  the te s te s , s ince ca stration reduced S a ­

andro stenone l e ve l s  (Andre sen , 1 9 7 6 ) . 

Bes ide the androgens , boar t e s t e s  secrete l arge 

amounts o f  o e s t rogens ( C laus and H o f frnan , 1 9 8 0 ) . The se 

autho r s  al so demon strated that c a s tration reduced p l a sma 

oes trogen to undetec tabl e leve l s . The phy s io logical ro l e  

o f  test icular o e s trogens i s  not c l ear , a lthough Jo shie and 

Rae s ide ( 1 9 7 3 )  have s uggested a synergistic  e f fect o f  

oe strogens and t e s to s terone i n  ma intaining the functions 

of  the acce s sory sex g l ands . The ma in oe strogen i c  compound 

in plasma of boa r s  is oe strone ( C laus and Ho f fman , 1 9 8 0 ) . 

( v )  Re spon s e s  to  GnRH i njection 

P l a sma LH r e spon s e s  to GnRH i n f u sion in pubertal , 

intact adul t an d cast rated miniature boars have been 

reported by Pomerantz  e t  al . ( 1 9 7 4 ) . The results  indicated 

that in al l an ima l s the LH re spons e s  were dependent on 
the do se o f  GnRH u sed , but age had no e f fect . I n  con tra st 

testosterone s e c retory respons e s  f o l lowing GnRH treatment 

increased wi th s exual maturat ion ( E l saesser et al . ,  1 9 7 3 ) . 

9 .  The On set and Contro l o f  Puber ty 

As discus s e d  previously puberty i s  a pha se in s exual 

matura tion dur i n g  which there i s  acce l erated g rowth and 

deve lopment of the gonad s and acce s sory reproduct ive 

structures ,  and dur ing which mat ure spermato zoa are f i r s t  
produced i n  mal e s . 

The endoc r i ne con tro l o f  the o n s e t  o f  puberty ha s been 

the subj ect of much research and many reviews ( Cr i t ch l ow 



and Bar- S e l a , 1 9 6 7 ; Rami r e z , 1 9 7 3 ; Grumbach e t  a l . ,  1 9 7 4 ; 

:1'-1cCann , 1 9 7 6 ; Ramaley , 1 9 7 9 ) . A brief summary o f  c urrent 

concept s ,  ba sed largely o n  r e s ea rch wi th ma l e  rats , i s  

pre sented below . 

WRen anter ior p i tui tary t i s sue f rom imma ture donor 

rats i s  gra f ted into adul t rec ipient s it  is c apab l e  o f  

inducing the onset o f  norma l o e s trous cycles and maintain ing 

pregnancy ( Harr i s  and Jacobsohn , 1 9 5 2 ) . The s e  r e s u l t s  

o f fered strong eviden ce f o r  t h e  view that ma turation o f  
the p i tuitary was n o t  the primary tr igger f o r  s exua l 

ma tura tion ; rather a nter ior p i tuitary hormones we re under 

hypo tha lamic cont ro l and ma turat ion of that s tructure wa s 

the c r itical  pre lude to onset o f  puberty . 

5 3 . 

I n  exper iments a imed at de termin ing the f eedback e f f e c t s  

o f  gonadal s tero id s o n  sec ret i on o f  gonadotrophins , ME 

implants o f  t e stosterone were shown to delay puberty in ma l e s  

( Smith and Davidson , 1 9 6 7 ) . However , the dose  o f  testo s terone 

ne ces sary for suppre s s ion of gonadotrophin output pre­

pube rtally wa s s i gn i f icant ly l e s s  than that r equired in 

adu l t s  (Smi t h  and Davi dson , 1 9 6 7 ; Davidson and Bloch , 1 9 6 9 ) . 

I n  the l ight o f  s imi l a r  wor k , the concept o f  a " change 

in sens itiv i ty of the hypotha l amu s " to gonad a l  steroids 

wa s proposed by Rami r e z  and McCann ( 1 9 6 5 ) a s  being the 

maturat iona l pre l ude to the o n s e t  of puberty . Accord i ng to 

thi s c oncept , pr ior to puberty the hypo tha l amic " gonado s tat " 

i s  very sen s i t ive to f eedback i nhibit ion by gonadal  s te r o id s . 

As a r e sult  c irculating l eve l s  o f  gonadotrophi n s , s imilar 

to tho s e  typ i c a l  o f  adul thood , are not atta ined d e sp ite 

low c ir culating gonadal s te roid  concentration s . At the 

on s e t  o f  puberty the gonado s ta t  is ' reset ' at a h igher 
lev e l  ( i . e .  l e s s  sen s i t iv e ) a nd the increasing s te roid 

leve l s  seen i n  the c irculation no longer suppr e s s  the 

release  of  GnRH . Thu s , gonadotrophin s ec retion c an occur 

at i ncreased l eve l s , r e su l t ing in f urther incre a s e s  i n  
steroid sec r e tion , a n d  the s e  i n  turn induce s exual maturat ion . 

The gonad s gener a l ly wer e bel ieved to p la y  a pas s ive 

rol e  dur ing s exual ma turat ion . However , Ode l l  and Swerd l o f f  



( 1 9 7 6 ) r eviewed r e s earch on changes  in gonad al  re spons ivene s s  

to gonadotrophins a s soc iated with sexu a l  maturat i on . The 

concept propo sed by these authors ind i c a ted that the t e s t ­
icular responsiven e s s  to L H  not o n l y  i ncreas ed with age , 

but a l so was very much infl uenced by synerg i stic  e f f ec t s  o f  

FSH . This  wa s c l ea r ly i l l u s trated by a ten - fo l d  incre a s e  

i n  testo s terone s ecretion s een in male  r a t s  expo sed to bo th 

FSH and LH , in contrast to only a two - f o l d  r i s e  e l ic i ted by 
admi n i s trat ion of LH alone . P erhaps that augmentatio n  o f  

gonadal steroid output i s  due to FSH- induced L H  receptor 

f ormation in the testes , as it  appear s t hat the receptor 

population per Leyd ig c e l l  does change i n  r e s ponse to FSH . 

I t  wa s conc luded that this increase i n  LH receptor popula­

tion cau s e s  a great e r  ou�put o f  testos terone and repr e sents 

a maj or component of the te st icular proc e s s e s  re spon s i b l e  

f o r  s exua l maturat ion (Ode l l  and Swerdlo f f ,  1 9 7 6 ) . 

I nc rease in sens itivity o f  the p i tuitary to GnRH a l so 

ha s been sugge s ted to be a factor invo lved in the pubertal 

mechan i sms . Such c ha nges i n  pitui tary re spons ivene s s  have 

been reported to occur at l east in the rat (Debe l j uk et a l . ,  

1 9 7 2 ) and ram lambs (Lee et al . ,  l 9 7 6b ;  Wi l son and 

Lapwood , l 9 7 9b ;  Lee e t  a l . ,  1 9 8 1 ) . 

The role of extra -hypotha lamic s t r ucture s in ini t iat ion 

of puber t a l  pr oce s s es  ha s been reviewed by Gor ski ( 1 9 7 4 ) . 

Docke ( 1 9 7 6 ) demon s tr ated that c hang e s  i n  the extra-hypotha l ­

am ic C N S  cquld i nvo lve gradua l modu l a t ion o f  physiolog i c a l  

func t i o n s  a nd t h e  d eve lopment o f  rec eptor s it e s , which may 

r e sult in c hang ing pr imar i ly inhibi tory prepuber ta l nervous  

structur e s  in such  a way that  they r e s pond to  po s i t iv e  

feedback e f f ec t s  pubertal ly . Gor ski  ( 1 9 7 4 ) s ugge s ted t hat 

the amygda la , hippocampus and pinea l g land were by far the 

mo s t  impor tant extra - hypotha l amic struc tures wh ich could 

i n f luenc e puberty . 

The role o f  the adrenal  g l ands i n  the onset o f  puberty 

is not c lear . The con centrations o f  adrenal s tero ids 

dehydroepiandro s te r on e  ( DHA )  , dehydroepiandro s terone 

) A 4 d '  ' ' sulphat e  (DHAS and u - androstene 1one 1ncrea se 1 n  man 
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before the puberta l  r i s e  in gonadal s teroid secretion 

( Cut ler et a l . , 1 9 7 8 ) . To date , adr enarche has  been 

demon strated only in man and ch impan z ee s , but not in Rhe s u s  

monkeys , rodents o r  f a r m  anima l s  ( Cut ler et al . ,  1 9 7 8 ) . 

1 0 . Purpo se o f  the P r e s ent Study 

I nves t i gat ion s d e s c r ibed in thi s thes i s  invo lved the 

u s e  of radio immuno as say proc edures for meas urement of 

per ipheral plasma hormone concentrat ion s in stud ies  of 

the i r  secretion , pos s ib l e  phys iolog i c a l  ro l e s  a nd f eedbac k  
control , dur ing the cour se o f  sexual deve lopment . Large 

Wh i te x Landrac e boar s and Romney ram l amb s wer e  ut i l i sed 

ln the se exper iments . 

Experiments 3 . 1 ,  3 . 2  and 5 . 1  were des igned to reinv e s t ­

i g a t e  the p atterns o f  secret ion of L H  a nd t e s tos terone f rom 

birth to sexua l matur i ty in bo ars  and r am l amb s . 
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Exper iments 4 . 1 ,  4 . 2 ,  5 . 2  and 5 . 3  were de s igned to 

inve stiga te the e f f e c t s  o f  hemi castration on LH and testo ster­
one produ c t ion in boa r s  and ram lambs . Organ weights and 

h i s to log i c a l  data a l s o  were c ol lected to determine the 

e f f ects  o f  thi s tr eatment on compensa tory hypertrophy o f  

t h e  r emaining t e s t e s  a nd epididymides . GnRH re spon se 

stud i e s  a l so were per fo rmed at  var iou s ages i n  order to 

measure change s in p i t u i tary and gonadal sen s i t ivity . 

Thi s  s tudy wa s c ont inued ( exper iments 6 . 1 , 6 . 2  and 6 . 3 ) 

i n  an attempt to e l uc idate the endoc r ine ba s i s  o f  
compensatory hypertrophy . Furthermore , the study on 

f eedback control o f  t he s e  hormones in ram lamb s wa s extended by 

i n c l u s ion o f  surg i ca l l y  induced cryptorchi d i sm as a trea tment , 

a nd a l so by mea surement o f  p l a sma FSH and pro l actin  concen­

trat ions . 



CHAPTER I I  

MATERIALS AND METHODS 

1 .  Porc ine Expe r iments 

( a )  An ima l s  

La rge Wh ite x Landrace bo ars were util i z ed i n  the 

porc ine expe riments descr ibed in this thesi s .  Twenty 

anima l s  from four l i tters born in Augu st , 1 9 7 7  we re ut i l i z ed 

in expe r iment 3 . 1 ,  whi l e 2 4  boars born in 4 l i tters in 

March , 1 9 7 8  wer e  u sed in exper iments 3 . 2 ,  4 . 1  and 4 . 2 .  

( b )  An imal Management 

The an ima l s  were rea red at the P ig Re search Centre , 

Ma s sey Univers ity . Li tter mate s we re grouped tog ether ln 

concrete pens prov ided with wooden platforms . An ima l s  

were weaned a t  5 week s o f  age when body we ight s ranged 

be tween 8 and 1 0  kg . From weaning until 3 months of age 

they wer e  fed ad l ibitum with a standard wea ner mea l  

compo sed o f  the fol lowing ingredients : bar ley - 4 3 . 5 % ,  

ma i ze - 3 2 . 0 % ,  sk immed milk  powder - 8 . 5 % ,  f i sh meal  - 4 . 0 % ,  

lupin seed meal - 6 . 0 % ,  lucerne - 2 . 0 % ,  bone fl our - 3 . 0 % 

and salt  premix - 1 . 0 % .  Therea fter the feed wa s changed 
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to grower mea l , wh ich  wa s fed at approximate l y  3 kg/an ima l /day 
until the end o f  the expe r iment . The grower meal con s i s ted 

of the fol lowing ingredient s : barley - 7 5 . 0 % ,  dr ied bl ood -

1 0 . 0 % ,  bone f lour 6 . 0 % ,  f i s h  meal  - 8 . 0 % and salt  premix - 1 . 0 % .  
Wa ter wa s provided ad l ibi tum through automatic  wa terer s .  

( c ) Surg ical  Techniques 

( i }  Castration o f  day o l d  animal s 

Day o ld an ima l s  were c a strated for exper iment 3 . 1  

wi thout u s i ng an anae sthetic  agent . After the s crota l 

area had been c l ipped then ster i l i zed with ' Hibitane ' 
( I . C . I . , U . K . ) a pr imary skin inc i s io n  wa s made a long the 

med ian r aphe of the scrotum . One te s t i c l e  wa s exter ior i z ed 



through the opening made by inc i s ing the unde r lying f a s c i a  

and parietal tunica vagina l i s . A f t e r  section ing the 

tunica vag ina l i s  the t e s t i s  was wi thdrawn to expo se the 

spermatic cord . Thi s wa s l igated u s ing chromic catgut 

and the testic l e  severed d i s tal to the po int o f  l igation . 

The second t e s t i s  wa s removed u s ing the same technique . The 

skin inc i s ion wa s not sutured in day old anima l s . 

( i i )  Castrat ion and hemi castration o f  anima l s  in experiment 

4 . 1  

For exper iment 4 . 1  the expe r imental des ign determi ned 

that surgery had to be per formed a t  a range of ag es . 

Anima l s  we ighing under 3 0  kg wer e  opera ted on under l o c a l  

anaesthe s ia . They we re re stra ined manual ly by an a s s i stan t , 

wh i l e  the scrotal sac and the pe r ineal  area we re steri l i zed 

us ing ' H ibitane ' pr ior to surgery . Approx imately 5 ml o f  

local anae sthe t i c  solution ( 2 %  xylocaine , Astra , Au stra l i a )  

was inj ected into the neck o f  the scrotum and spermatic 

cord . 

An ima l s  we ighing over 3 0  kg were opera ted on under 

general anae sthe s ia . The se we re pre-medicated with 

azaperone ( ' Stre s n i l ' ,  Ethnor Lim i ted , N . Z . )  at a dose 

rate o f  2 mg/kg body we ight , then general anae sthe sia  was 

induced by rapid i n j ection o f  a 2 . 5 % sol ution o f  th iopentone 

sod ium ( ' Intrava l Sodium ' , May and Baker , U . K . ) into the 
late ra l  ear ve in . Ana e s the sia  wa s ma intained wi th 

halo thane vapour ( ' Fl outhane ' ,  I . C . I . , U . K . ) 3 %  ( v/v ) l n  

oxygen , admin i stered via a f a c e  ma s k . 

The castra t i on pro cedure employed wa s e s senti a l ly t he 

same a s  that de s c r i bed for  day old animal s .  However ,  the 

skin inci s ion s were c l o sed with interrupted non-absorbab l e  

suture s .  

( i i i )  Post- surgi c a l  care 

A fter a l l  s ur g i ca l p rocedur e s , ant ibio tic therapy 

( proca ine peni c i l l in - s treptomyc in s uspens ion , ' Streptopen ' ,  

Glaxo , N . Z . )  a t  a r a te o f  2 to 3 ml/an imal/day wa s 

admini s te red for one week a s  a prophy l actic measure aga i n s t  

infec t i on . 
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( d )  B lood Co l l e ction 

Approx imately  8 ml blood samp l e s  were co l l ected into 

hepar ini sed vacutainers by puncture o f  the anter ior vena 

cava , fol lowing the method de s cr ibed by Car � and Dewh ir st 

( 1 9 4 2 ) . An imal s we ighing l e s s  than 3 0  kg we re b l ed wh i l e  

re stra ined on their backs i n  a c rate  bui l t for the purpo s e . 
A 3 . 8  cm long , 1 8  gauge needle wa s inser ted into the 

depr e s s ion formed by the supe r f i c ia l  neck mu s c l e s  j u st 

ante rior and l ateral to the sternal cartilag e , and t he 

anter ior bo rde r o f  the f i r s t  r ib . From th i s  point the 

ne edle wa s d i rectly dorso-cauda l l y . Larger animal s we re 
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bled s tanding wh i l e  res tra ined by a pig hal ter appl i ed around 

the upper j aw .  N ineteen gauge nee dle s ,  9 - 1 1 . 5  cm l ong were 
used and in thi s po s i t ion the nee d l e  wa s introduced at the 

same site  as d e s cribed above, but d i rected med io-do r so ­
cauda l l y . 

Blood samp l e s  were kept in an ice bucket for up to l hr 

unt i l  the p l a sma wa s separated by c e ntri fugation at  3 0 0 0  

r . p . m .  for 2 0  min . P l asma wa s s tored at - l 8°C unt i l  
required for hormone a s s ays . 

( e ) Ho rmone A s s ays 

( i )  LH 

P l a sma l eve l s  of por cine LH wer e  mea sured by a doubl e 

antibody radio immunoas say based on that descr ibed by 

Ni swender et a l . ( 1 9 7 0 )  and val idated previously  in this  

labora tory ( F lorCruz and  Lapwood , 1 9 7 8 ) . Th i s  a s say 

uti l i z e d  the f o l l owing materia l s : r abbit anti -porc ine LH 
serum ( pool� 5 6 6 , courtesy of Dr  G . D . N i swender , Co lorado 

State Univer s i ty , U . S . A . ) ;  so l u t io n s  of pur i f ied porc ine 

LH ( LE R  7 8 8 - 4  provided by Dr L . E .  Re ichert , Emory Un ive r s ity , 
U . S . A . ) in a r ange o f  concentrations cor responding to 

plasma l eve l s  o f  0 to  16  ng/ml as  s tandards ; and h ighly 
pur i f ied por c ine LH ( LER 7 8 6 - 3 , courtesy o f  Dr L . E .  Re ichert ) 

for radio iodina tion . Donkey anti -rabbit prec ipitat i ng serum 

(DARS , RD 1 7 , We l lcome Reagents Limi ted , Eng land ) d i l ut ed 
1 : 4 0  in 0 . 0 5 M e thyl ene-diamine tetra-acetic acid-di sodium salt  



5 9 . 

(EDTA ) 1n 0 . 0 1 M pho sphate -bu f fered 0 . 1 4 M s a l ine ( P BS ) . 

All  s tandards and s amp l e s  we re assayed in  tripl icate , 

wh ile  each a s say contained a tripl i cate o f  tubes with the 

f i r s t  ant ibody exc luded , a s  a check for non - spec i f ic  binding . 
Assay sen s i t ivity ranged f rom 0 . 0 9 to 0 . 1 2 ng/ml , whi l e  

wi thin- and between-as say coe f f i c i ents o f  var i at ion ( C . V . ) 

for thre e plasma samples  are shown in  tab l e  2 . 1 .  

Tab le 2 . 1 :  

Repl icat ion 
factor 

5 ass ays , 

3 repl icate s 
per as say 

Between- and with i n - a s s ay CV for porc ine LH 

radio immunoa s s ay ba sed on repea ted mea surement 

o f  r e f erence porc ine pla sma samp l e s  

Re f erence Me an Within- Betwe en -
p l a sma hormone a s say a s say 

concentrat ion c . v .  ( % )  c . v .  ( % )  
( ng/ml ) 

X 3 . 3 0 1 5 . 3 8  1 9 . 6 9 

y 8 . 9 4 1 2 . 8 6 2 0 . 8 1 

z 2 . 0 0 1 3 . 0 0 3 1 . 2 3 

( i i ) Te s to s terone 

P l asma t e s toste rone leve l s  were e s t imated u s ing a 

rad io immunoa s say descr ibed previously (Wi lson and Lapwood , 
1 9 7 8a )  and wh ich  wa s va l idated separately fo r mea surement 

of  te stos terone in porc ine pla sma ( F lorCruz and Lapwood , 
1 9 7 8 ) . Assay sensi t ivity var i e d  between 0 . 0 8 and 0 . 4 8 ng/ml , 

wh i le within- and between -as say C . V .  are shown i n  table 2 . 2 .  



Table 2 . 2 :  Between- and w i th in -as say CV for t e sto s terone 

radio immunoa s say based on repeated mea s urement 

of r e f erenc e por c in e  plasma samp l e s  

6 0 .  

Repl icat i on Re ference Mean Within- Be tween-
factor p l a sma 

5 assay s , p l 
3 rep l i ca t e s  p 2 
per a s say p

3 

2 .  Sheep Experiments 

( a )  An ima l s  

hormone as say a s say 
concen tration c . v .  ( % )  c . v .  ( % )  

( ng/rnl ) 

1 . 7 8 4 . 8 8 1 2 . 1 9 

4 . 7 6 3 . 9 6 7 . 1 2 

6 . 9 7 5 . 1 9 8 . 2 2 

Th i rty two Rornney ram lambs , born in Augu s t , 1 9 7 7  were 

uti l i z ed in expe r iments 5 . 1 ,  5 . 2  an d 5 . 3 ,  wh i l e  4 8  anima l s  

born i n  Augu s t , 1 9 7 8  were u s e d  in  expe r iment s 6 . 1 ,  6 . 2  and 6 . 3 .  

( b )  An ima l Management 

Lamb s were i dent i f i ed ind ividua l l y soon a fter  birth . 

They were ma intaine d  a t  pa s ture with the ir darns for  the 

f irst  thr e e  months of l i f e , then weane d . Lamb s were 
vacc inated w i th a mu ltiple c l o s tr i d i a l  vacc i ne ( ' Covax - 5 ' ,  

T . V . L . , N . Z . )  at two weeks o f  age  and drenched with 

anthe lmin t i c  ( ' Ni lverrn ' , r . c . r . , N . Z . )  at weaning and 

period i c a l l y  therea fter . An ima l s  were shorn at approxima tely 

4 months of age . 

Ram l ambs used in  expe r iment s  in  chapte r  6 r ema ined 
healthy throug hou t the experiments . However , a number o f  
those used i n  exper iment s i n  c hapter 5 suffered from ryeg rass  

s tagger s d u r i ng March , 1 9 7 8  and consequently lost  weight . 

Pr ior t o  bleed ing the an ima l s  were shepherded with sheep 

dog s and then a l lowed to s e tt l e  for about ha l f  an hour be fore 

s ampl ing c ommenced . 



(c ) Surgical  Proc edure s 

( i )  Hem i c a s trat ion 

Hem i c a s trations for exper iments  5 . 2 , 5 . 3 ,  6 . 1 ,  6 . 2  . and 

6 . 3  we re performed wi th the animal s re stra ined in dor sal  

recumbency . After c l ipping and chemically s ter i l i s ing the 

scrotal s k i n  with ' H ibi tane ' ,  abou t 6 ml of 2 %  Xylocaine 

solut ion was inj ec ted into the neck of the s c ro tum and 

spermatic  cord s . A caudo-ventral i n c i s ion wa s made over 
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the r i ght t e s t i s  whi ch wa s then exter ior iz ed after  sectioning 
the par i e t a l  tunica  vag ina l i s . Hemi ca strat ion wa s comp l eted 

by sever ing the spermatic cord w i th ernas6ul ators . Each 

testis  and epid idym i s  wa s d i s sected free of  extraneou s 

t i s sue before we ighi ng then s ampl ing for hi stology . 

( i i )  Ar t i f ic ial  c ryptorchidi sm 

Ar t i f ic ial  c ryptorchid i sm was induced in  ram l amb s 

ut i l i sed i n  exper iments 6 . 1 ,  6 . 2  and 6 . 3  at two we eks o f  

age , fo l lowing the method d e s c r ibed by Schanba cher ( 1 9 7 8 ) 

for induc i ng cryptorchidism i n  bul l s . General anae sthe s ia 

wa s induc e d  with sodum thiamy l a l  ( ' Surital ' ,  Park Davi s , 

N . Z . )  and ma i n ta ined with approx imate ly 1 . 5 % (v/v ) halothane 

vapour in oxygen , a dmini stered via  endotrache a l  tube . 

The s c rota l sac  and surround ing ventra l abdominal area 

wa s c l ipped a nd s te r i l i sed wi th ' H ibi tane ' then a l ateral 
inc i s ion wa s made high on the sc rot a l  skin . After the r ight 

testicle  wa s separated f rom the scrotum by d i v i s ion o f  the 

me sorchium , the ingu ina l cana l wa s made patent and the 

testicle  wa s pushed into the abdomi nal cavi ty . However ,  

care wa s taken to avoid  tor s i on o f  the spermat i c  cord . 
Interrupted s utures we re u s ed to close  the inguinal canal 

and preven t l ater d e scent o f  the te s t i s ,  or v i sceral  

hern iat ion . Topica l ant i sept i c  powde r  ( ' Aureomyc in ' , C yanamid , 
U . S . A . ) wa s sprayed wi thin the s c rotum and about the 

inc i s ion s i te to reduce the chances o f  secondary i n fec t ion . 

Chromic catgut ( 2/ 0 , Ethnor L im i t ed , Austral i a ) wa s used 

to c lose the wound , and 2 %  iod ine so lution wa s app l ied to 

the inc i sion  l ine . This proc edure wa s then repeated for 

the left  te s t ic le . 



( i i i ) Cas tra t ion o f  anima l s  in experimen t 5 . 2  

Ca strations  we re per formed u s ing the s ame method a s  

de scribed f o r  hemi ca s trat ion , however i n  this instance 

skin inc i s ions  we re made on e ither s i de of the scrotum for 

exterior i s ing each t e s t i s  be fore s ever ing the spermatic 

cord wi th ema s culators . 

( iv )  Post -operat ive c a re 

Fol lowing a l l  ovine s urgery antibiotic therapy 

( ' Streptopen ' ) ,  2 to 3 ml/an ima l /da� wa s admin i stered 

intramuscul arly  for one week a s  a prop�m c t i c  mea sure 

aga inst infection . Cryptorchid animal s we re examined two 

weeks  l ater but none had po st-ope rative descent o f  testes  

at  that time , nor at  any other t ime during the exper iment . 

( d )  Blood Co l l ect ion 

Eight ml bl ood samples  we re c o l l ec ted into hepar ini z ed 

vacuta i ners a fter j ugular venepunc ture . Samp l e s  we re 

centri fuged at 3 0 0 0 r . p . m .  for 2 0  min before pla sma wa s 

separated and stored at  -l 8°C unt i l  required for hormone 

as says . 

( e )  Hormone Assays 

( i )  LH 

P l a sma LH l eve l s  were me asured by a doub l e  ant ibody 

rad io immunoas say based on that d e s c r ibed by N i swender et a l . 

( 1 9 6 9 ) , a s  mod i f ied by Barre l l  and Lapwood ( 1 9 7 9�) .  The 

following mate r i a l s were used in t h i s  as say : ovine LH 

( N I H-LH-S l 8 , courtesy of N . I . A . M . D . D . , N . I . H . , U . S . A . ) 

solut ions at  concentrat ions corre sponding to a range o f  
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plasma l evel s o f  0 to 8 ng/ml , a s  s tandard s ;  rabb i t  ant i ­

ovine LH serum (pool =#= lS , court e sy o f  D r  G . D .  Ni swender , 

Colorado State Un iver s ity , u . s . A . } ;  and highly pur i f ied 

ovine LH ( LER- l 3 7 4A ,  c ourtesy of  N . I . A . M . D . D . , N . I . H . , U . S . A . ) 

for r a d io iodinat ion . A l l  s tandards a n d  s amp l e s  were 
a s sayed in tripl i ca te . As say sen s i t iv i ty ranged from 0 . 0 3 

to 0 . 1 6 ng/ml , whi l e  within- and between-as say C . V .  for 2 

re ference p l a sma samp l e s  are shown i n  tab l e  2 . 3 .  



Tabl e  2 . 3 :  Between- and within-as say CV for ovine LH 

radio immunoas say based on repe ated measurement 

o f  r e ference ovine p l a sma samp l e s  

Repl i ca t i on 
facto r  

2 0  a s s ay s , 

3 repl i c ate s 

per a s say 

( i i )  FSH 

Re ference 
p la sma 

LH 1 

P RL 3 

Mean hormone 
concentrat ion 
( ng/ml p l asma ) 

0 . 4 7 

4 . 5 1 

Within­
a s s ay 
c . v .  ( % )  

1 5 . 2 2 

1 2 . 1 5 

Between­
a s say 
c . v .  ( % )  

3 4 . 2 8 

1 4 . 3 6 

Ovine F SH leve l s  were mea sured by a doub l e  ant ibody 

radio immunoa s s ay based on that descr ibe d  by Dr  I . J .  Cl arke 

(Me lbourn e , Austral ia , pe rs . comm . ) .  

a . Reagen t s  

( i )  P B S  contained 0 . 0 1 M pho sphat e buf fer a n d  0 . 1 4 M sod ium 

chloride , with 0 . 0 1 %  (w/v ) sod i um merthiolate as a preserv­

at ive . The pH o f  PBS was ad j u sted to 7 . 3 . 

( i i )  P B S -EDTA-BSA ( PEB ) wa s a solution of  PBS con tain i ng 

0 . 0 5 M EDTA and 0 . 5 % bovine s e r um a lbumin ( BSA , Frac t i on V ,  

Sigma Chemi c a l s , U . S . A . ) ,  with pH adj usted to 7 . 3 .  

b .  Rad i o iodinat ion o f  ovine FSH  

3 . 5  �g  lactoperox idase ( Ca lbiochem ,  U . S . A . ) 1n 3 . 5  ml 
d i st i l l ed wat e r  and 6 . 5  � 1 ,  0 . 5  M pho sphate bu f fe r  we re 

added to 2 � g  h ighly pur i f ied ovine-FSH ( G4 - 2 1 1B ,  s uppl ied 

by Dr H .  P apko f f ,  Univers ity of Ca l i forn i a ,  U . S . A . ) d i s solved 

in  2 0  � 1  0 . 5  M pho sphate buf f e r , pH 7 . 4 .  Two hundred � Ci 

r 1 2 5  ( Ra d io chemica l Centre , Ame r sham , U . K . ) wa s then 

added and m ixed be fore 5 � 1  hydrogen peroxide (Aj ax 

Chemic a l s , Au stra l i a )  d iluted 1 : 1 5 , 0 0 0  in  d i s t i l l e d  wat e r , 

wa s adde d  to start the reaction . After the reaction had 

proceeded for 3 min a further 5 � 1  hydrogen perox i d e  wa s 

added and a l l owed to react for a further 3 min . The 
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mixture wa s then tran s ferred quantitatively to a 1 x 2 5  cm 

po l yacrylamide g e l  column ( Biog e l  P 6 0 , B iorad Laborator i e s , 

U . S . A . ) which had previou s l y  been equi l ibrated with 2 0  ml 

PBS , pH 7 . 3 , fol lowed by 1 ml 3%  BSA in PBS . One ml 

fractions were e luted f rom the column with PBS , pH 7 . 3  

and c o l l e cted into 1 1  x 7 5  mm polystyrene t ube s , f rom wh ich 

1 0  � 1  a l iquots wer e  t aken and counted for radioac t ivity . 
Samples  with peak radioac t ivity were s tored fro z en unt i l  

requ i red . 

c . Rad io immunoa s s ay proc edur e s  

Rad io immunoassays were performed ln  poly styrene tube s 

( 1 1  x 7 5  mm ) and both unknown s amp l e s  and s tandard s we re 

a s sayed i n  tripl icate . 

6 4 . 

Sol u tions o f  ov i ne F S H  (NI H-FSH- S 9 ,  N . I . A . M . D . D . , N . I . H . , 

U . S . A . ) were prepared i n  l O O  � 1  PEB to prov ide a standa r d  
curve corre spond ing to a range o f  plasma FSH concentrat i on s  

o f  0 t o  1 0 0 0  ng/ml . Hypophysectomi sed sheep pla sma ( 2 0 0 � 1 )  

wa s added to each s tandard tube , whi l e  samp l e  tube s 

contained 2 0 0  � 1 unknown pl asma . 

Both s tandard s and samp l e s  were then a d j usted to c on t a i n  

a volume o f  4 0 0 � 1  b y  add ing l O O  � 1  non- immune rabbit serum 

NRS ( 1 : 8 0 0  in PEB ) to s tandard s and 2 0 0  � 1  �R� ( 1 : 1 6 0 0  in 

PEB ) to s amples . Two hundred � 1 rabb i t  anti -ovine F S H  serum 
( 5 9 1F 7 ,  courtesy o f  Dr V . W . K .  Lee , Me l bourne , Au s tr a l i a ) 

d i luted 1 : 6 0 0 0  in PEB , wa s added to each tube . Tube s wer e  

vortexed then incubated a t  4 °C f o r  2 4  h .  Rad io- iodinated 

ovi ne FSH ( approximate l y  2 0 , 0 0 0  cpm d i l uted to 1 0 0  � 1  in 

PEB ) wa s then added to each tube and the incubat ion a l l owed 

to proceed for 9 6  h at 4 °C .  Af ter add ing l O O  � 1  DARS 

d i luted 1 : 8 0 in PBS , the mixture wa s incubated for a 

further 2 4  h a t  4 °C ,  before antibody prec ipitation wa s 

c omp l e ted by centr i fug ing at 2 0 0 0  r . p . m .  for 3 0  min at 4 °C .  
The supernatant wa s then a sp i ra ted and the prec i p i tate 

counted for one min i n  a Nuc l ear Enterpr i s e s  NE 1 6 0 0 Gamma 

counter . 

Each a s say con tained a t r i p l icate o f  tubes f rom wh ich 

the f ir s t  antibody wa s omitted to provide a check on the 



1 1 f . f .  b .  d .  f 1 1 2 5  eve o non specl lC  ln 1ng o -F SH . Computat ion o f  

plasma F S H  concentrat ions were made on a Sord 2 2 2  computer 

fol lowing the method o f  Burger et  a l . ( 1 9 7 2 ) , as mod i f ied 
by P ro f e s sor R . E .  Mun ford , Ma s sey Un iver s i ty . Count s  

obtaine d f o r  nonspe c i f i c  b inding were subtracted from tho se 

recorded for s t andard s and s amples . A be s t - f i t  expr e s s ion 

for the s tandard curve wa s c a lcul ated , then va lues for the 

samp l e s  (mean s� s tandard deviation s ) were computed . A 
compo s i te standard curve r epre sen t i ng the mean values from 

8 consecutive a s says i s  s hown f ig 2 . 1 .  

d .  Va l ida t ion o f  o vine FSH r �d io imrnunoa s say 

Spec i f ic i ty of the ovine FSH anti serum ha s been 

determined by Dr I . J .  C l ark ( Me l bourne , Au s tr a l ia , per s . 

cornrn . ) who showed that radi o immunoa s s ay e s t imates o f  F S H  

potency were not a f fe c ted by h i gh l eve l s  o f  ovine LH , 

prolac t i n  or growth hormone . 

Non- s pe c i f ic b i nd ing alway s  wa s low ( l e s s  than 1 1 %  

o f  the coun t s  bound i n  the 0 ng/ml s tandard ) , whi l e  a s s ay 

sen s i t i v i ty ranged f rom 8 . 5 3 to 1 8 . 3 5  ng/rnl . 

Reproduc ibi l i ty o f  as say results  was e s t ima ted by 

a s say i ng t hree samp l e s , three t imes in each o f  e ight 

a s says . The within- and between-assay C . V .  are shown 1n 

table 2 . 4 .  

Table 2 . 4 :  

Rep l i c at io n  
factor 

8 Assays , 

3 rep l i cates  

pe r  a s say 

Be tween- and wi th in - a s say c . v .  for ovine FSH 

radioimmunoas say based on r epeated me a surement s  

o f  reference ovine p l a sma samples 

Re ference Mean hormone Within- Between-
pla sma concentrat ion a s say a s say 

( ng/ml pla sma ) c . v .  ( % )  c . v .  ( % )  

LHl 1 2 0 . 6 1 2 . 0 0  1 7 . 3 0 
P RL3 5 6 5 . 8 7 9 , 0 0 9 . 2 0 
WP 3 9 2 5 . 8 5 1 9 . 0 0 1 7 . 3 0 
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P a ra l l e l i sm o f  the s tand ard curve was c hecked by 

as say ing two s amples  und i luted ( 5 4 1 . 5 0 and 9 2 2 . 9 0 ng/ml ) ,  

d i luted 1 : 1  ( 3 0 3 . 2 0 and 5 4 6 . 6 0 ng/ml ) and d i l uted 1 : 3  

( 1 8 2 . 0 0 and 2 9 8 . 5 0 ng/ml ) in  hypophysec tomi z ed sheep p l a sma . 

The se r e s u l t s  demonstrated para l l e l i sm between d i l ut ions o f  

unknown s amp l e s  and the s tandard curve . 

On the ba s i s  o f  r e s u l t s  f rom these va l idat ion te s t s  

it  wa s con s i dered that t h i s a s say gave rel iab l e  e s t imate s 

of  ovine pla sma FSH concentra t ions . 

( i i i ) Pro l a c t i n  

P l a sma ovine prolactin l eve l s  were e s t imat ed by a 

doubl e a n t i bo dy radio in�unoa s say de scr ibed previou s l y  by 

Wi l son and Lapwood ( 1 9 7 8 a ) . Thi s a s say ut i l i sed rabbit 

ant i serum to ovine pro l a c t i n  ( c ourtesy of Pro f e s sor D . S .  

Flux , Ma s sey Univers ity ) ;  solut ions o f  sheep pro l a c t in 

(NIH-P-S l l , N . I . A . M . D . D . , N . I . H . , U . S . A . ) corre spond ing 

to a range o f  pla sma prolac t i n  c oncentrat ions of 0 to 2 5 0  

ng/ml a s  s tandard s ; and h i gh l y  puri f i ed ov ine pro l ac t in 

( LER- 8 6 0 - 2 , c ourte sy o f  Dr L . E .  Re ichert , Emo ry Unive r s i ty , 

U . S . A . ) for  rad ioiod inat ion . As say sens itivi ty ranged 
f rom 5 . 8 3 to 1 3 . 8 5 ng/ml , and w i thin- and between -as say 

C . V .  for 3 r e ference p l a sma poo l s are shown i n  table 2 . 5 . 

Table 2 . 5 : Between- and wi thin-a s s ay C . V .  for ovine 

prolactin radioimmunoa s s ay ba sed on repeated 

measuremen t s  of  re ference ovine p l a sma samp l e s  

Rep l ication Re f e rence Mean ho rmon e  With in- Be tween-
factor p l asma concentra t i on assay a s say 

(ng/ml p l a sma ) c . v .  ( % )  c . v .  ( % )  

1 5  A s s ays , PRL l 1 3 . 5 8  1 3 . 8 3 1 8 . 4 0 

3 rep l i cate s P RL 2 2 8 . 0 9 9 , 6 5 1 2 . 7 4 

per a s say PRL 3 1 0 9 . 1 8  4 . 8 6 1 0 . 6 9 
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( iv )  Testo s terone 

E s t imates  o f  te s t o s terone concentrations in ovine 

p l a sma were made u s i ng the rad io immunoas say d e sc r ibed 

previou sly  by Wil son and Lapwood ( 1 9 7 8�) . 

For plasma of  th i s  speci es , a s say sens i t iv i ty var i ed 

from 0 . 0 6 to 0 . 4 8 ng/ml , wh i l e  the wi thin- and between­

a s say C . V .  for 3 re fe renc e pla sma poo l s  are shown in 

table 2 . 6 .  

Tabl e  2 . 6 :  Betwe en- .and within-as say CV for t es tosterone 

rad io immunoassay based on repeated mea sureme n t  

o f  r e f er ence ovi ne p lasma samp l e s  

Rep l ication 
fac tor 

4 0 As says , 

4 replicates  

per a s say 

Re f erence 
p l a sma 

PRL 3 
indo l e  

LH 3 
1 8  

Mean hormone 
conc entrat ion 
( ng/ml p l a sma ) 

0 . 5 7 

2 . 7 7 
8 . 1 8 

1 1 . 1 8  

3 .  H i stologi cal  Procedures 

Within­
a s s ay 
c . v .  ( % )  

8 . 8 6 

7 . 8 5 
8 . 4 7  

5 . 8 6 

Between­
as say 
c . v .  ( % )  

2 0 . 3 8 

1 8 . 4 1  

2 2 . 0 0 

1 5 . 5 6 

5 mm equator ial  sect i ons o f  testicular t i s s ue were 

f ixed in  Bou in ' s  f l u i d  for  2 4  h ,  before be ing trans ferred 

to 7 0 %  ethyl al cohol , then embedded 1n par a f f in wax a f ter 

automat i c  pro c e s s ing . S e c tions cut at 6 ll m thickne s s  wer e  

s t a i ned wi th haematoxy l i n  and eo s in ,  then examined under a 
l ight micro s cope for semini ferou s  tubu l a r  d i ameter e s t im­

at ions and q ua l i ta tive h i s tology . E s t imat e s  o f  s emini f erous 

tubu l a r  d i ame ters  for each spec imen in  chapter s 4 ,  5 and 

6 we r e  c a l c u lated as the mean recorded f rom 2 0  c ircular 

tubul e s , mea surements be i ng made on a micros cope f i tted 

wi th eyep i e c e  micrometer. 
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4 .  Experimental  De s ign and Ana l y s e s  

Detai l s  o f  the exper imental  d e s igns a n d  stat i s t i c a l  

ana l y s e s  used f or ind ividua l exper iments a r e  g iven i n  the 

appropriate s e c t ions o f  chapte rs  3 to 6 .  

( a )  M i s s ing Data 

Values for  mi s s ing hormone data were cal cul ated a s  the 

mean e s t imate f r om preced ing and succeeding plasma samp l e s . 

( b )  Trans formations  

6 9 .  

A l l  estimate s o f  hormone conc entration s , except tho s e  

used i n  calc ulat ions o f  GnRH- induc e d  LH , F S H  and testo st erone 
output curves , we re tr an s formed to logari thms prior to 

s tat i s t ical  ana l y s e s  u s ing the relat ionship : log hormone 

concen trat ion = l O O  log 1 0  (x + 1 . 1 ) , where x is the hormone 

concentrat ion i n  ng/ml . Th i s  relat ionship has  been 

e stabl i shed on emp ir i c a l  ground s by the f inding of a l inear 

rela t ion ship between the e s t imated mean and i t s  standard 

error , for subgroups o f  hormone data ( Barre l l , 1 9 7 6 ) . 

( c ) To tal  Re spon s e s  to GnRH In j ec t ion 

The areas under individual LH , FSH  and t e sto sterone 

r e spon se curve s in exper iment s  4 . 2 ,  5 . 3  and 6 . 3  wer e  
c a lculated a s  a mea s ure o f  total hormone outpu t i n  re spon se 

to GnRH a dmin i s tr a t i on . Are a s  were c alcul ated by integ rat ing 

hormone concentr a t ions  in s amples  wi th the t ime interva l s  

between s amples  and r e s u l t s  were expres sed a s  ng/ml . hr .  

( d )  S tat i s tical Ana lys e s  

The e f fect o f  treatme nts  in each exper iment we re exami ned 

i n  anal y s e s  of var i ance . Main  e f fec t s  we re t e s ted by 

examining the s ign i f icance o f  contr a s t s  for ind ividual 

degree of f reedom , b a s e d  on or thogonal c oe f f i c i ents 

( Cochran and Cox , 1 9 6 0 ) whi c h  were taken f rom the tabl e s  

o f  F i she r and Yat e s  ( 1 9 6 3 ) , o r  whi ch were const ructed to 

t e s t  spe c i f ic hypothe s e s . Where the contr a s t s  were suc c e s s ­
ive terms o f  a po lynomia l  r e l a t ionship , the mean square s 

for i ndividu a l  deg r e e s  o f  f r eedom were no t c a l c u l at ed beyond 

the third power . 
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Leve l s  o f  s igni f i cance ln a l l  analyses  ar e denoted 

thus : 

* p < 0 . 0 5 
* *  p < 0 . 0 1 

* * *  p < 0 . 0 0 1 



C HAPTER I I I  

A LONGITUDINAL STUDY OF PLASHA LUTE INI Z ING HORMONE 

LEVELS IN BOARS AND BARROWS , AND OF TES TOSTERONE 

LEVELS IN BOARS , FROM BIRTH TO 1 8 0  DAYS OF AGE 

1 .  Int roduction 

Limi ted stud i e s  of the endocrine change s  occ urr ing from 

b i r th to s exua l ma tu r i ty in boars o f  dome s t ic breeds are 

s ummar i z ed on page 4 9  of thi s  thes i s . In general it  ha s been 

shown that LH lev e l s  are high dur ing the f ir s t  3 po stnatal 

weeks , sub sequent ly f a l l  to low va lues and in  some , but not 

a l l  s tud i e s , a prepube rtal  peak a l so has been recorded . 

P l a sma te s to s terone l eve l s  i n  boars a l so are relatively high 

during the neonatal per io d ,  s ubsequently decl ine , and then 

increase a t  abou t the t ime of puberty . 

castrat ion and androgen replacement the rapy expe r iment s 

wi th boar s have ind icated that the hypo tha l amo-pitui tary 

un i t  1 s  r e l a t ively i n s e n s i t ive to the nega tive f eedback 

e f f e cts o f  gonadal stero i d s  in  the f ir s t  2 - 3  weeks a fter 

birth  (Ford and Schanbacher , 1 9 7 7 ;  E l saes ser e t  al . ,  1 9 7 8 ;  

Co l enbrander e t  al . ,  1 9 7 7 ;  1 9 7 8 ) . 

Becaus e  the previou s long i tudinal study o f  reproduct ive 
deve lopment in bo ar s repo rted f rom this  l abo ratory (F lorCruz 

and Lapwood , 1 9 7 8 )  only commenced at 4 2  days o f  ag e ( a fter 

weaning ) and u t i l i zed a for tn ightly b lood samp l ing pro toc o l , 
the present expe r iments were des igned to obta i n  mo re 

deta i l ed informat ion regard ing p l a sma ho rmone l eve l s  1n 

boa r s  from b i r t h  to s exual matur ity . E f fects of c as tration 

on the l ong i t ud inal hormone secre tory pattern o f  LH were 
examined by including barrows in the f i r s t  experimen t . 

The secon d  e xper iment wa s d e s igned a s  a s tudy o f  t he 

e f f ec t s  o f  s ea son on longi t ud i na l hormone secret ion pro f i l e s  

i n  young boa r s  a nd uti l i z e d  boa rs  born in  autumn , rathe r  

than spr ing . 
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2 .  Materia l s  and Method s 

( a ) Anima l s  

( i )  Exper iment 3 . 1  

Twenty spr ing born boar s we re ident i f ied individua l ly 

then al located randomly to treatment group s : ( i )  ca strated 

at one day o f  age , and ( i i )  mainta ined as e n t i re s . 

( i i )  Expe r ime nt 3 . 2  

Ei ght autumn born bo ars  (which we re a l located randomly 

to g roups E and F of exper iment 4 . 1 and ma inta ined a s  enti r e s  

unt i l  1 8  week s  o f  age ) we r e  ut i l i z ed . Howeve r , because o f  

the de s i gn o f  exper iment 4 . 1  the number o f  anima l s  had t o  b e  

reduc ed t o  4 a t  1 8  wee k s  and the study wa s t e rminated a t  

2 4  weeks o f  ag e .  

( b )  Samp l i ng 

B lood samp l e s  we re obta ined each Mo nday between 0 9 . 0 0  

7 2 .  

and 1 0 . 0 0 h .  S ampl ing extended from day old to  about 1 8 0  days 

of  age in expe riment 3 . 1 , and from day old to about 1 6 8  days  

in  exper iment 3 . 2 .  Al l p l a sma samples  were a s s ayed for 

con cent rations of LH and t e s tosterone . 

( c )  Body We ights 

An ima l s  we r e  we ighed immediate ly after each blood 

sampl ing as a check on body growth and the we ights were 

recorded to the nearest k g . 

( d )  Stat i st i c a l  Ana lys e s  

LH , t e s to s t erone and body we ight data f rom s tud ies  

3 . 1  and 3 . 2  were subj ect to  analyses  of  var ian c e . Hormona l  

data f rom exper iment 3 . 2  wa s examined only u p  to 1 8  weeks 
of  age because o f  the reduction in number of a n ima l s  

there a f t e r . 

S t uden t s  t - te s t s  wer e  t he n  u sed to examine the d i f ferenc e s  

between mean LH l eve l s  in boar s a n d  barrows in exper iment 

3 . 2 ,  and a l so to  make in forma l ( c rude } between- exper iment 

compar i sons o f  mean pla sma ho rmone l eve l s  recorded in the 

f irst 1 8  weeks  o f  each exper iment . 



3 .  Re sults 

( a )  Spr ing Born Boars and Bar rows ( Expe r iment 3 . 1 )  

( i )  LH leve l s  i n  boar s 

( F igure 3 . 1  and Table 3 . 1 ) 
+ Re l a t ively high mean plasma LH leve l s  ( 3 . 0 6 - 0 . 5 5 to 

+ 
4 . 9 0 - 1 . 9 7 nglml ) we re re corded from b irth to 5 weeks o f  ag e ,  

+ a fter which they decreased and f l u ctuated between 0 . 8 2 - 0 . 1 4 
+ and 3 . 1 1- 0 . 5 1 nglml . Peaks 1n LH concentr ations ( above 

2 nglml ) were seen at 7 ,  9 ,  1 2 , 1 3 , 1 5 ,  1 6 , 2 2  and 2 3  we ek s , 

but no overall change in average p l a sma LH concentra tions 

was seen near the onset of  puberty , except that a peak o f  
+ 3 . 1 1 - 0 . 5 1  nglml wa s s een a t  the 1 6 th week . I n  the ana l y s i s  

o f  variance of  LH data the s igni f i cant l inear ( P  < 0 . 0 0 1 ) , 

quadratic (P  < 0 . 0 5 )  and cubic  ( P  < 0 . 0 5 )  components o f  the 

e f fect o f  age we re attr ibutable to the above genera l 

pattern o f  change . 

( i i )  Te s to s terone l eve l s  1 n  boar s 

(Figure 3 . 2  and Tab l e  3 . 1 ) 

Mean plasma testo ste rone l eve l s  re corded during the 

7 3 .  

. + + I study var 1 ed between 0 . 1 6� 0 . 0 4 and 2 . 3 1 - 0 . 4 2 ng ml . However , 

va lues re corded dur ing the f ir s t  f ive weeks were r
.
elat ive ly 

· + 1 + I . h1gher ( 0 . 7 0 - 0 .  5 to 1 . 3 3 - 0 . 1 7 ng ml p l a sma ) than seen 1n 
+ + the subsequent 9 we eks  ( 0 . 1 6 - 0 . 0 4 to 0 . 8 9 - 0 . 3 9 nglml ) .  

From 1 4  weeks of age o nward s  plasma testo ste rone conc en­

t rat ions began to increase and peaks above 2 nglml were 

recorded at  1 5 , 1 6  and 2 2  weeks . The s e  general changes 

were re f l ected by a s i gn i f icant c ubic  ( P  < 0 . 0 0 1 )  component 
i n  the ana lys i s  of var i ance . 

P l asma testos terone concentrations in castrate s were 
be low the l imit of s e n s i t ivity o f  t he a s say a s  from when 

the first  samples  we re c o l l e c ted one week a fter c a s tration . 

( i i i ) LH leve l s  in c a s tr ate s 

(F igur e  3 . 3  and Table 3 . 1 ) 

Mean p l a sma LH l eve l s  recorded from cast rate s ranged 
+ ' + between 3 . 7 2 - 0 . 7 5 and 5 . 9 2 - 0 . 7 0 nglml but did no t show any 



signi f i cant pattern o f  change w i th age . Leve l s  recorded 

from ca strates  i n  the f i rst  3 weeks were i n  the same range 

as observed for bo ar s , but did  not show the s ub s equent 

reduction i n  va lues which wa s observed f rom the ent i re s . 
Hence the overa l l  mean LH level observed in castrates  wa s 

si gni f i cantly highe r than that o f  entire s  (� ( S O )  = 5 . 8 0 ,  

(P < O . O O l ) . 

( iv )  Body we ight s 

(F igure 3 . 4  and Tabl e  3 . 2 )  

Body weights o f  ca s trates and entires i ncreased 

througho ut the exper iment and the rate of gain acc e l erated 

at the later weighing s . Thu s no t only wa s t he l i nea r  

component o f  the age ma in e f fect  i n  the ana l y s i s  o f  variance 

signif icant (P < 0 . 0 0 1 ) , but so a l so wa s the quadratic  
component (P  < 0 . 0 0 1 ) . Ove ra l l  ca s trates we re s ign i f i cantly 

(P  < 0 . 0 0 1 )  heavier than boar s . 

( b )  Autumn Bo rn Boa r s  ( Exper iment 3 . 2 ) 

( i )  LH l eve l s  

(Figure 3 . 1  and Tab le 3 . 3 ) 

P l a sma LH l eve l s  we re high d ur ing the f i rst 5 we eks 

( 1 . 6 6± 0 . 4 3 to  4 . 8 3± 1 . 2 2 ng/ml ) a fter bi rth but subs equent ly 
+ decl ined to a value o f  1 . 1 9 - 0 . 1 9  ng/ml at 7 we eks . From 

+ 
8 we eks to 1 7  week s t he values ranged between 1 . 3 0 - 0 . 2 8 

and 2 . 5 8± 0 . 3 4 ng/ml with a rela t ive ly higher mean va lue 
+ ( 1 . 8 6 - 0 . 1 1 ng/ml ) compared to leve l s  observed f rom 1 7  to 

+ + 
2 4  we eks ( the s e  r anged between 0 . 7 7 - 0 . 8 8 and 1 . 9 2 - 0 . 2 2 ng/ml 

+ 
with mean o f  1 . 1 1 - 0 . 0 8 ng/ml ) .  

I n  the ana l y s i s  o f  vari ance o f  LH data the mo st h ighly 

s igni f i cant e f fect  of age wa s a l inear ( P  < 0 . 0 0 1 )  d e c l ine , 

but the quadra t i c  ( P  < 0 . 0 5 )  and c ub i c  (P < 0 . 0 5 )  components 

also were s i g n i f i cant . 

( i i ) Te s to s t erone l eve l s  

( F igure 3 . 2  and Tab le 3 . 3 ) 

During the f i rs t  4 weeks p l a sma testos terone l eve l s  
+ + 

were higher ( be twe en 0 . 5 5 - 0 . 1 2 and 0 . 7 6 - 0 . 1 6 ng/ml than 

tho s e  genera l l y  re corded in the s ub s e quent 7 weeks  ( va l u e s  

7 4 . 
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Tabl e 3 . 1 : Summary o f  ana lyses o f  var iance o f  LH and testo sterone data 

from spr ing born bo ars and barrows in exper iment 3 . 1  

Sourc e of  Var iat ion DF Var iance Rat ios 

A .  Age 

( i ) Linear 
( i i )  Quadratic 

( i i i ) Cubic 

Rema inder 

B .  Anima l s  

Re sidua l mean square 

1 2  

1 

1 

1 

9 

9 

1 0 8  

Boars Barrows 

LH Te s tosterone LH 

1 .  6 8  

2 0 . 5 1 * * *  0 . 5 1 
4 . 4 2 *  3 . 8 0 

4 . 5 9 *  1 0 . 7 9 * * *  

1 .  2 1  0 . 0 4 

0 . 7 4 3 . 6 4 * *  5 . 4 4 * * *  

2 3 3 . 9 5 1 3 9 . 3 2 1 6 5 . 0 7 

-....) 
1.0 



Tab l e  3 . 2 : S ummary o f  anal y s i s  o f  variance o f  body 

weight data from spr ing born boars  and 

barrows in exper iment 3 . 1  

Sour ce o f  Var i a t ion 

A . 

B .  

Boars  v s  Barrows 

Age 

( i )  

( i i )  

Linear 

Quadratic 

Rema inder 

Re s idual mean square 

DF 

l 

1 2  

2 4 7  

1 

1 

1 0  

Variance 
Ra tios  

1 3 6 . 7 7 * * * 

2 5 , 5 3 7 . 4 5 * * *  

7 5 8 . 5 4 * * * 

0 . 5 0 

5 . 8 9 

8 0 . 



Tab l e  3 . 3 :  S ummary o f  ana ly ses  o f  variance o f  LH t e s to sterone and body we ight 

f rom autumn born bo ar s in exper iment 3 . 2  

Source o f  Va riation DF Var iance Rat ios 

LH Testo s te rone Body We ights 

A .  Age 

( i )  

( i i )  

( i i i )  

B .  Boars  

Linear 

Quadratic 

Cubic 

Rema inder 

Rema inder 

Re s idua l mean square 

8 

1 

1 

1 

5 

7 

7 

5 6  

1 9 . 2 8 * * * 0 . 1 9 6 8 0 . 1 9 * * *  

5 . 8 0 *  2 7 . 0 0 * * *  

4 . 7 9 *  5 . 1 5 *  

1 .  7 5  0 . 6 2 
- - 0 . 7 8 

1 .  0 6  1 .  9 7  6 . 8 8 *  

1 5 1 . 1 6 6 6 . 6 7 1 4 . 4 1 

CO 
I-' 
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+ + ranged betwe en 0 . 1 3 - 0 . 0 3 and 0 . 4 5 - 0 . 1 7 ng/ml ) .  Thereafter 

concentrations tended to increase steadily to reach a max ima l 

mea n  plasma concentration o f  2 . 7 3 � 0 . 5 4 ng/ml at 2 2  week s  

and only f e l l  noticeably a t  the l a s t  s ampl ing . Tho se 

changes in  te sto sterone concent rations contr ibuted to a 

very highly s ignif icant quadratic component i n  the or thogon a l  

pa r t i t ion o f  a g e  e f fect s . A s i gn i f i cant cubic component 
(P < 0 . 0 5 )  probably wa s of minor importance . 

( i i i ) Body we ight s 

(Figure 3 . 4  and Table 3 .3 ) 

Body we ights o f  boars increa s ed thro ughout the per iod 
of s tudy . Thu s i n  the analy s i s  o f  var iance the age ma in 

e f fect  was very highly s igni f i cant ( P  < 0 . 0 0 1 ) . 

( c ) I n forma l Compar i sons  Between Spr ing and Autumn 

Born Bo a r s  

There wa s no s i gn i f icant overal l  d i f ference in mean 

pla sma LH l eve l s  between spr ing ( 2 . 5 7� 0 . 2 8 ng/ml ) and 
+ 

autumn ( 2 . 2 1 - 0 . 2 7 ng/ml ) born boa r s  ( � ( 3 4 )  = 0 . 0 4 ,  P > 0 . 0 5 ) . 

S im i l a r ly the overa l l  mean pla sma testosterone l eve l 

reco rded from spring born bo ar s ( 0 . 8 8� 0 . 6 1 ng/ml ) d id not 
+ d i f f e r  from tha t of  aut umn born boa r s  ( 0 . 4 3 - 0 . 2 2 ng/ml ) 

( ! ( 3 4 ) = 0 . 7 3 ,  p > 0 . 0 5 ) . 

Graphical  c ompar i son o f  body weights o f  spring and 

autumn born boa r s  indic ated that t here wa s no con s i s tent 

di f fe rence i n  f avour of one group or the other . 

4 .  D i sc u s s io n  

( a )  Lut eini z i ng Hormone 

In exper iments 3 . 1  and 3 . 2  g enera l ly s imi lar patterns 

of change in pla sma LH l eve l s  were recorded . Re l a t ively 
high c oncentrat ions wer e  recorded dur ing the f i rst 4 to 5 

weeks  o f  postnatal l i f e and s im i l ar resul ts have been 

pub l i shed previously for boar s of dome stic breeds ( Ford 

and S chanbacher ,  1 9 7 7 ; Col enbrander et a l . , 1 9 7 7 ) a s  we l l  

a s  for  G3ttingen miniatur e  boa r s  ( E l sa e s ser e t  al . ,  1 9 7 6 ) . 



After neona ta l cas t rat ion and androgen r epl acement 

stud i e s  with d ome stic  and Gott ingen miniature breed bo ar s , 

For d and Schanbacher ( 1 9 7 7 )  and E l sae s s er et a l . ( 1 9 7 8 ) ,  

respect ive ly , conc l uded that the s e  high neonata l LH l eve l s  

wer e  the r e s u l t  o f  the hypo thal amo-pitui tary un i t s  be i ng 

rela t ively i n s en s i tive to steroid negat ive feedback 
inhibition . F ur ther ev idence o f  such insen s i t ivity o f  young 

8 3 .  

bo ar s to t e s to sterone wa s prov i ded by results from exper iment 

3 . 1  : in the f i r s t  2 - 3  week s o f  l i f e  s imilarly high LH 

conc entrat ions wer e  re corded f rom boars as wel l as barrows , 

desp i te the r ec ording o f  quite h igh androgen l eve l s  from 

the boars . 

Al tho ugh i n  the current experiment s  autumn bor n  boa r s  

showed some evidence o f  a pubertal  peak i n  LH leve l s ,  in 

the spr ing born anima l s  the only i ndication o f  a pubertal  
e l evat ion wa s a n  i so lated peak of  3 . 1 1 ng/ml observed at  

16  weeks . The i rregu l ar f l uctuat ions i n  weekly plasma LH 

leve l s  observed in the exper iment with spr ing born anima l s  

may have ma sked any pubertal e l evat ion i n  that study . 
P l a sma LH leve l s  f l uctuate quite f r equently in boar s 

( S an ford et a l . ,  1 9 7 60;  Lapwood and FlorCruz , 1 9 7 8 ) , and in 

the pre sent expe r iments such va r i a t ions shou l d  have been 

compensated for by u s e  of mu l t ip l e  blood sampl ings at 

each age . D i f fer ing patterns o f  gonadotrophin sec r et ion 

have been r eported i n  pr ev ious s tud ie s . Ne ither Co l enbrander 

et a l . ( 1 9 7 7 )  nor E l sae s s er e t  a l . ( 1 9 7 6 )  observed any 

s i g n i f ic ant c ha nges  i n  plasma LH l eve l s  from boars approaching 

puberty . However , F lorCruz a nd Lapwood ( 1 9 7 8 ) recorded a 

d i s tinct prepubertal peak in LH leve l s  from boar s o f  the 

s ame breed as ut i l i z ed i n  the pre s ent s tudy . 

( b )  Te sto s te rone 

High p l a sma t e s to s te rone l evel s  were observed i n  the 

neonatal p e r i od of the se exper iments a s  we l l  as in mo s t  

o ther s imilar  s tudies  (Elsaes ser  e t  a l . ,  1 9 7 2 ; Booth , 1 9 7 5 ;  

Meus sey-De s so l le , l 9 7 6 ;  Co l enbrander e t  a l . ,  l 9 7 8 ) . 

However i n  a paper by Ford and Schanbacher ( 1 9 7 7 } , the 

r eported l eve l s  of t e s to sterone were l ow a nd r ema ined 



relat ively con s t ant dur ing the f i r s t  9 weeks o f  l i fe . The 

sign i f i cance o f  high androgen l eve l s  dur ing the neonata l  

per i od rema i n s  obscure , but they occur i n  a period 

in wh ich there i s  a high degree of i n tertubular Leyd ig 

cell  d i f fe rent i a tion and a n  increase in Leyd ig cel l vo lume 

(Van Straaten and Wen s i ng , 1 9 7 7� ;  1 9 7 8 ) , as we l l  as an 

increase in en z ymic activity in Leyd ig cel l s  (Wrobe l et a l . ,  

1 9 7 3 ; Van Straaten and We ns ing , 1 9 7 8 ) . The s e  changes  

were preceded by  elevated LH  l ev e l s  in t he present s tudy and 
tho s e  of Col enbrander et a l . 1 9 7 7 ; 1 9 7 8 ) . The para l l e l  

8 4 . 

high plasma �on c entrat ions of  t e s t o s terone and LH dur ing the 
neonatal per i o d  were compat ible with the concept that t he 

hypotha lamu s i s  very insen s i t ive to the inhibitory f eedbac k 

e f f ects o f  s teroids at  this s tage o f  deve lopment ( Colenbrander 
et a l . ,  1 9 7 8 ) . 

The subsequent record ing o f  generally  lower pl asma 

testo sterone c oncentra t ions �p to 1 3  weeks o f  age , con f i rmed 

s imilar data reported by Boo th ( 1 9 7 5 ) , Meu(:ey-De s s o l l e  
( 1 9 7 6 ) , Co lenbrander e t  a l . ( 1 9 7 8 ) and FlorCruz and Lapwood 

( 1 9 7 8 ) . I t  a l so corre sponds we l l  with the ob servat ion o f  

low plasma L H  leve l s , a s  we l l  a s  the re lat ive r eg re s s ion 

o f  the intertubular Leydig c e l l  populat ion r epo rted to oc cur 
dur ing thi s s tage (Van Straaten and Wens ing , 1 9 7 7 a ; 1 9 7 8) 

P la sma t e s tosterone concentrat ions recorded in bo th 

longitudinal  studies showed a progr e s s ive increase f rom 

about the 1 3 t h  week o f  po stnat a l  l i f e . Simi l a r  incre a s e s  

i n  plasma t e s tosterone l eve l s  a s so c iated with s exua l  

maturation i n  boa r s  have been r eported by Meu s sy-De s s o l l e  
( 1 9 7 6 ) , Co l e nbrande r e t  a l . ( 1 9 7 8 )  and FlorCruz and 

Lapwood ( 1 9 7 8 ) . 

The pro g r e s s ive increa s e  i n  p l a sma testo s te rone leve l s  

a s soc i ated w i th the onset o f  puberty wa s accompanied by 

only a r e l a t ively sma l l  e l evat ion in LH secret ion . Th i s  

apparent increase i n  te sticu l a r  s e n s i t ivity to L H  probably 

was related to a concurrent i n crease  i n  steroid h i s to ­

c hemical a c t ivity o f  t he t e s t i s  (Wrobe l e t  a l . ,  1 9 7 3 ; 

Van Straaten and Wen s ing , 1 9 7 8 ) .  Another cont r i but ing 

factor may have been the increase  in relative vol ume o f  



the Leydig ce l l s  (Van S traaten and Wen s ing 1 9 7 7�; 1 9 7 8 ) 

and po s s ibly an increase  in Leyd ig c e l l  re ceptor activ i ty , 

a s  s ugge sted by Ode l l  and Swerdlo f f  ( 1 9 7 6 ) . 

Evidence o f  prepube rta l ly increa sed LH secret i on , 

despite r i s ing plasma l eve l s  o f  t e s to sterone , ind ic ated that 

i n  addition to t he above ment ioned mechanisms , a reduct ion 

in sens itivity o f  the set -po int o f  hypothalamic mechani sms 

whi ch regulate s ecret ion o f  gonadotrophins oc cur s with the 

on s et of pube rty (McCann et a l . ,  1 9 7 4 ) . 

Testo s terone wa s not detect abl e in p l asma from bar rows 

in the pr esent s tudy nor in that o f  FlorCruz and Lapwood 

( 1 9 7 8 ) , c l ear ly indi cat ing that the testes are the ma j or 

source o f  androgens i n  th i s  spec i e s . 

( c )  Body We ight s 

Cas trat ion o f  young mal e p i g s  i s  a common porc ine 

husbandry pra c t ice , the princ ipa l bene f it o f  wh ich is 

r eduction in s exua l drive and aggr e s s iveness . Other 

po s s ible  i n f l uences whi ch may be important incl ude e f f ec t s  

on growth rates  and c a r c a s e  compo s i tion , as we l l  a s  on the 
inc idence of boar taint ( Patter s on , 1 9 6 8 ; Prescott and 

Lamming l 9 6 4 a ; l 9 n 4 b ; Wa l s tra and Kroeske , 1 9 6 8 ; Wa l s tra 

1 9 6 9 ) . 

The highly signi f i cant d i f f erence between the body 

we ights o f  barrows and boar s in the pre sent s tudy should  be 

i nterpreted cautious ly : becau s e  o f  inadequate number s 

o f  pens the boars and bar rows were not housed s eparately . 

Thu s , even t ho ugh f eed ing wa s a t  a restricted l eve l o f  

approx imate l y  3 kg/animal/day f rom 3 months o f  age , the 

possib i l i ty ex i s ted that barrow s may have consumed mor e  

food ( and hence achieved a greater rate o f  g rowt h )  than 

bo ars , as has been r ecorded in previous stud i e s  o f  nutrit ion 

a nd body growth in male pigs ( Wa l stra and Kroe ske , 1 9 6 8 ; 

Wa l stra , 1 9 6 9 ) . 

( d )  Season o f  Birth 

There wa s no s ig n i f i cant e f fect  of sea son of birth on 

the LH or  t e s t osterone l eve l s  recorded in the present s tu dy . 
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Howeve r ,  more c areful eva luation o f  seasona l e f f e c t s  on 

puber ty i s  warranted i n  l ight of recent work publ i s hed by 

Mahone e t  al . ( 1 9 7 9 )  and Berger et al . ,  ( 1 9 8 0 ) . The se 

autho r s  were able  to induce pube rty in g rowing boars  by 

art i f ic ial extens ion o f  the natural photoperiod when day­

l ight l engths were shor t . Al though various te s t i cu l ar 

parameters indicated a c c e l e rat ion o f  pubertal proc e s se s  1 n  

anima l s  expo sed t o  ext ended l ight period s , n o  hormonal 

data were reported in �b e ·_ �erq )nor apparent l y  in any 
other r eport on the e f fe c t s  seasons on sexual maturation 

in boar s . 

There wa s no sign i f ic ant e f fect o f  season o f  b i rth on 

body we ights i n  the pre s en t  study . Extended photope riods 

did not exert any bene f i c ia l  e f fect  on rates o f  body we i ght 

gain or on feed conver s io n  e f f i c iency of boar s or barrows 

in the s tudy o f  Berger et a l . ,  ( 1 9 8 0 ) . 
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CHAPTER I V  

EFFECTS OF HEHICASTRAT I ON AT DIFFEREIJT AGES ON 

LUTE IN I Z ING H0810NE AND TESTOSTERONE SECRETORY 

PATTE RNS AND ON COI-'l.PENSATORY TESTICULAR 

HYPERTROPHY IN SEXUALLY I''iATU R ING BOARS 

1 .  Introduct ion 

In var ious spec ies  un i l ateral ca stration of young 

anima l s  induc e s  c ompens atory t e s t i cu l ar hypertrophy ( CTH ) 

For example , CTH has been shown to o ccur in ma l e  rats  

( Ho c hereau-de Reviers , 1 9 7 5 ; Cunn ingham et  a l . ,  1 9 7 8 ) , 

rams (Voglmayr and Mattne r ,  1 9 6 8 ; Skinner , l 9 7 lli ; Ho chereau-
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de Revi ers and P e l l et ie r , 1 9 7 1 ;  Land and Carr , 1 9 7 5 ; 

Hochereau-de Reviers et a l . ,  1 9 7 6 ;  Wa lton et a l . , 1 9 7 8 ; 1 9 8 0 ) , 

bul l s  ( Linder and Rowson , 1 9 6 1 ; John son , 1 9 7 8 ;  Barnes  et a l . ,  

1 9 8 0�,  �,  � ;  Le i d l  et a l . ,  1 9 8 0 )  and cockere l s  ( Dr iot 

et a l . , 1 9 7 9 ) . Only one such study of boars  has been 

reported and i n  t hat , CTH fol lowed hemicastration of s exua l ly 
mature anima l s  ( Hauser et al . , 1 9 5 2 ) . 

Likewi se l it t l e  re search has been undertaken regarding 
hormona l re spon s e s  fol lowing hemi c a s trat ion o f  boar s .  

Liptrap and Ra e s i de ( 1 9 7 1 )  in a s tudy us ing two anima l s , found 
uri nary leve l s  of dehydroepiandrosterone ( DHA ) and o e s trogen 

were unaff ected fol lowing hemi ca stration . I n  Gott ingen 

stra in miniature boars , hemicastrated one week after birth , 

there were no e f fects  o f  this treatment on p l a sma LH o r  

t e s tosterone l eve l s  dur ing the s ub s equent f ive week s 
( El saes ser e t  a l . ,  1 9 7 8 ) . 

The pre sent expe riment wa s d e s igned to exami ne the 

e f f ects  of hemica strat ion on hormone secre tory pattern s ,  

t e s t icular hypertrophy and hormonal  re sponses  to admi n i s trat­

ion o f  exogenous  GnRH at  three age s dur ing the course o f  

s exual maturation o f  Landrace x Large White boar s . 



2 .  Mater i a l s and Methods 

( a )  Anima l s  

8 8 • 

Twenty four bo ars  from f our l i tters bo rn at approx imate­

ly the same t ime in March , 1 9 7 8  were u sed in the se expe r iment s .  

( b )  Surgic a l  Procedures ( Exper iment s 4 . 1 and 4 . 2 )  

After i dent i f i cation the an ima l s  were randomly a l l o cated 
to 3 pairs of group s (A and B ,  C and D , and E and F ) . 

An ima l s  in g roups A ,  C and E we re hemicast rated at 4 ,  1 2  

and 2 0  weeks o f  age , respec t ive l y . Tho se i n  groups B ,  D 

and F acted a s  ag e-ma tched contro l s  and were bilatera l l y  
c a s trated a t  8 ,  1 6  a n d  2 4  weeks . A t  tho se ag es  a l sq the 

se cond testes were removed f rom the correspond ing hemi ­

cas trates . A s ummary o f  the exper imental surgic a l  protocol 

is given i n  Table 4 . 1 . 

Tabl e  4 . 1 :  Age s at whi ch surgical  treatments we re appl ied 

to boars in var ious treatment groups in 

exper iment s  4 . 1  and 4 . 2  

Age (week s )  

Treatment 

l .  Hemi ca stration 
( HC ) 

2 .  Remova l o f  Second 
Te stes ( RST ) 

3 .  B i lateral C a s trat ion 

4 

A 

8 1 2  1 6  

c 

A c 

B D 

( i ) Acute pro f i l e  studies (Experiment 4 . 1 )  

2 0  2 4  

E 

E 

F 

Four acute hormone secret ion pro f i l e  studie s , i n  which 

blood samp l e s  were c o l l ected each ha l f  hour for 2 hour s , 

wer e  conducted for e a c h  pa ir o f  experimental group s , a s  
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indi cated i n  Table 4 . 2 .  Al l p l a sma samples were a s s ayed 

for concentrat ions o f  LH and t e s to s te rone . 

( i i )  GnRH r e sponse s tudy ( Experime nt 4 . 2 ) 

After each pro f i l e  ( s e e  Tab l e  4 . 2 ) blood samp l ing , at 

8 ,  1 6  and 2 4  we eks o f  age , but be fore the subsequent 

ca strations ( Table 4 . 2 ) anima l s  were inj ected int ramu sc u l ar ly 

with GnRH ( 0 . 5 � g/kg body weight ) d i s so lved in 5 . 0  ml 

ac i d i f ied ( 0 . 0 1 M acetic a c id ) 0 . 9 % sal ine . 

Blood samp l e s  were obta ined imme diately prior to 

inj ection o f  GnRH ( pre inj ec t ion ) and 3 0 ,  6 0 ,  1 2 0  and 2 4 0  

minutes a f t e r  inj ect ion . A l l  p l a sma samples were a s sayed 

for concentrati ons of LH and testo sterone . 

( c )  Organ Weights and Qual itative H i stology 

Te s t e s  and ep ididymi des  were we ighed , then t e s t icular 

samples  we re taken for hi stolog i c a l  proc ess ing , e s t imation 

9 0 . 

o f  semini f e rous tubu lar d i ameters  and qual ita t ive h i s tolog i c a l  

examinat ion . 

( d )  Stat i s t ical  Analyses 

E f f ec t s  of treatments  and age on LH and te s to s t e rone 

s ecretion in the pro f i le and GnRH exper iments we re examined 

by analyses  of va riance . E f f e c t s  o f  treatment s on mean 

test icular a nd ep ididyma l weight s , and on me an s emi ni ferou s 

tubular diame t ers , were t e s ted by Student ' s  t - t e s t  

compari sons . 

3 . Re sul t s  

( a )  Acute P r o f i l e  S tudy ( Exper iment 4 . 1 ) 

( i )  
*-

LH" 
( Fi gure  4 . 1 , tabl es  4 . 3  and 4 . 4 ) 

Pu l sa t i le LH secretory patterns were evident at a l l  

ages i n  e n t i r e s , hemicas trate s and c a strates during the two 

hour acute p ro f i l e  s tudie s . No d i f fe rences in f requency 

o f  secretory pul s e s  were observed between the three group s , 

however , t h e  magni tude o f  pul s e s  wa s greater i n  c a s trate s . 
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Tab le 4 . 3 :  Mean ( ± SEM )  LH concentra tions (ng/ml ) o f  hemica strate and entire 

boars  in exper iment 4 . 1  

Gro up 

A 

c 
E 

B 

D 
F 

Age (weeks ) at 
Pro f i le 1 t 

4 

1 2  

2 0  

Overa l l  mean 

4 

1 2  

2 0  

Overa l l  mean 

Pro f i l e  1 

+ 1 . 3 7 - 0 . 2 4 
+ 0 . 6 9 - 0 . 0 8 
+ 0 . 6 3 - 0 . 1 3 

+ 
1':: 0 . 9 0 - 0 . _> 

+ 
0 . 8 9 - 0 . 4 0 

+ 
1 . 0 2 - 0 . 3 7 

+ 0 . 9 1 - 0 . 0 5 

+ 
0 . 91 - 0 .1 8  

Pro f ile  2 Pro f i le 3 

HEHICASTRATE S 
+ 

0 . 6 8 - 0 . 1 5 
+ 

1 . 4 2 - 0 . 2 9 
+ 1 . 6 0 - 0 . 4 5 + 1 . 7 2- 0 . 1 1 
+ 1 . 4 2 -0 . 4 0 + 

1 . 3 0 - 0 . 1 6 

+ 1 .  2 3 - 0 . 20 
+ 

1 .  4 8 - 0 . 11 

ENT I RE S 
+ 1 . 0 4 - 0 . 2 2 

+ 1 . 2 6 - 0 . 1 8 
+ 1 . 5 7 - 0 . 2 5 

+ 1 . 3 9 - 0 . 1 1 
+ 0 . 9 6 - 0 . 0 4 + 1 . 2 4 - 0 . 0 4 

+ 
1 . 1 9 - 0 . ll 

+ 
1 . 2 9 - 0 . 0 7 

t Subsequent pro f i le sampl ings were undertaken at 2 weekly interva l s  

Pro f ile  4 

+ 
2 . 3 3 - 0 . 4 5 

+ 
2 . 4 8 - 0 . 1 8 

+ 2 . 2 8 - 0 . 1 4 

+ 2 . 3 6 - 0 . 1 6 

+ 2 . 7 6 - 0 . 4 9 
+ 

2 . 0 2 - 0 . 2 3 
+ 

2 . 5 4 - 0 . 1 7 

+ 
2 . 4 4 - 0 .1 8 

\.0 
N 



Tabl e  4 . 4 :  S ummary of  ana ly s i s  o f  var iance o f  LH data 

f rom exper iment 4 . 1  

Source of  Var i a t ion DF 

A .  Treatment & Sampl ing 7 

( i )  P r e  V S  Post- treatment 

( i i )  2 and 4 we eks po st-
treatment V S  6 we eks 
po s t - treatment 

( i i i ) 2 weeks  V S  4 weeks po st-
treatment 

Rema i nder 

B .  Ag e 2 

I nterac t ion 

Trea tment & S ampl ing X Age 1 4 _ 

( i ) P r e treatment V S  P o s t-
treatment X Linear 

( i i ) P r e treatment : a l l ocated 
c ontro l s  vs hem i c a s trates 
X L inear 

Rema inder 

Re s idual  mean s q uare 7 2  

1 

1 

1 

4 

1 

1 

1 2  

Var i ance 
Ra t io s  

5 0 . 3 9 * * *  

7 6 . 6 * * *  

5 . 9 6 *  

0 . 4 3 

1 . 0 8 

5 . 9 0 *  

5 . 7 0 *  

1 .  0 0  

5 7 . 6 1 
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Pre- surgical  LH leve l s  recorded from boars  a l located 

to the hem i ca s trate ( 0 . 9 0: 0 . 2 3 ng/ml ) and ent ire ( 0 . 9 1 : 0 . 0 4 

ng/ml ) treatment groups were not s i gni f icant l y  d i f f er ent . 

S im i l a r ly at  the fourth pro f i l e  samp l ing , af ter c a strations 

had been completed , there wa s no d i f f er ence in the LH 

concentrations of these two g roup s  o f  animal s .  

As j udged by the non- s i gni f i c ance o f  contrasts  

compar ing LH  l eve l s  recorded from hemica stra tes and ent ire s , 

bo th at 2 week s  and 4 weeks a fter hemi c a strat ion , s urg i c a l  

tre atmen t h a d  no e f fect on secretion o f  that gonadotrophin . 

The combined mean LH l evel for hemicastrate and 

entire boars  i ncreased succe s s ive ly and sign i f icant l y  over 

9 4 . 

the f i r s t  three pro f i l e  sample col l ec t ions . Non-orthogona l 

contrasts  r evealed tha t  wh i l e  there wa s a s igni f i cant increase , 

between pro f i l es 2 and 3 ,  i n  mean LH va lues recorded from 
+ + hemi castrates ( 1 . 2 3 - 0 . 2 8 vs 1 . 4 8 - 0 . 1 3 ng/rnl , F ( 1 , 7 2 )  = 5 . 8 8 ,  

P < O . O S ) , the increase re corded f rom entires wa s not 
+ + s i gn i f i cant ( 1 . 1 9 - 0 . 1 9  vs  1 . 2 9- 0 . 0 4 ,  F ( l , 7 2 )  = 1 ·04 , P > O . O S ) . 

Thi s  ef fect  i n  the treated anima l s  pre s umab l y  was a slowly 

deve loping con sequence o f  hemica strat ion . 

Age had no s igni f icant overa l l  e f f ect on mean LH leve l s . 

However , a s i gn i f icant ( P < O . O S )  pre treatment x l inear 

component of t reatment x age interact ion wa s due to a 

decrease with age i n  the pre-treatment LH l eve l s  recorded 

f rom anima l s  destined to be in the hemi cas trate group . 

Thi s  e f f ect  probably was due to a random s ampl ing e rror 

because no s uch e f fect wa s recorded in the contro l group . 

Al so it wa s c l ear that the pre-treatment result  recorded 

f rom i ntended hemic astrates wa s r e spons ibl e for the 

s i gni f i cant ( P < O . O S )  pre-treatment vs po st-treatment x 

l inear component o f  the treatment x age interact ion . 

( i i )  Te stosterone 

( F igure 4 . 2 ,  tabl e s  4 . 5  and 4 . 6 ) 

Epi sodic t e s to sterone secret ion wa s r ecorded f rom 

ent ire s a nd hemi cas trate s at a l l  samp l ing age s , but pu l s e s  

t ended t o  be relatively smal l er at  t h e  ear l ier s ampl ings . 
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Tab l e  4 . 5 :  Mean (�SEM )  testos terone concentrations (ng/ml ) o f  hemica strate and 

entire boar s  in exper iment 4 . 1  

Group 

A 

c 

E 

Age (weeks ) at  
Pro f i le 1 11 

4 

1 2  

2 0  

Overa l l  mean 

B 

D 
F 

Overal l  mean 

4 

1 2  

2 0  

Pro f i l e  1 

+ 
0 . 3 8 - 0 . 1 0 

+ 
0 . 1 5 - 0 . 0 4 

+ 1 . 2 4 - 0 . 5 5 

+ 
0 . 5 9 - 0 .1 8. 

+ 0 . 1 9 - 0 . 0 3 
+ 

0 . 2 0- 0 . 0 7 
+ 1 . 9 9 - 0 . 6 5 

+ 0 . 7 9 - 0 . 2 1  

Pro f i l e 2 

HEM ICASTRATES 

ENT IRES 

+ 0 . 2 0 - 0 . 0 2 
+ 

1 . 5 8 - 0 . 2 5 
+ 

1 . 4 9 - 0 . 5 4 

+ 1 . 0 9 - 0 . 1 9  

+ 
0 . 3 3 - 0 . 0 4 

+ 
2 . 1 4 - 0 . 8 6 

+ 1 . 5 4 - 0 . 2 3 

1 . 3 4 � 0 . 2 9  

11 S ubsequent pro f ile  sampl ing s were undertaken at 2 weekly interva l s . 

Prof ile  3 

+ 
0 . 9 2 - 0 . 3 7 

+ 
1 . 8 1 - 0 . 2 7 

+ 
2 . 4 0 - 0 . 5 2 

+ 1 .  7 1 - 0 . 23 

+ 1 . 6 0 - 0 . 3 0 
+ 

2 . 0 1 - 0 . 5 9 
+ 3 . 0 1 - 0 . 4 4 

+ 
2 .  2 0 - 0  .2 6 . 

\.0 
0"1 



Tab l e  4 . 6 :  S ummary o f  analys i s  o f  var iance o f  te s tos terone 

data from exper iment 4 . 1  

Source o f  Var ia tion 

A .  Tr eatment and S ampl ing 

( i )  P r e  vs Post-treatment 

( i i )  2 week s po st- tre atment v s  
4 weeks po st-treatment 
Rema inder 

B .  Age 

( i )  Li near 

( i i ) Quadra tic 

Interaction 

Treatment a nd S amp l ing x Age 

Re sidua l mean square 

DF 

5 

2 

1 0  

5 4  

1 

1 

3 

1 

1 

Variance 
Ra tios  

3 4 . 8 6 * * *  

1 0 . 0 5 * *  

l .  0 6  

4 2 . 3 3 * * *  

0 . 0 8 

l .  0 7  

1 3 5 . 8 6 



Another inf luence of  age on t e s t o s terone secret ion wa s that 

at 8 weeks and ove r ,  te stos terone secret ion f o l l owed mo s t  

LH sec retory peaks ( 8 2  out of  9 1 ) , but a t  4 and 6 weeks o f  
age only about  ha l f  ( 1 0  out o f  2 1 )  the LH peaks  we re 

fol lowed by t e s tosterone sec ret ion . Hemicastrat ion had no 

obvious inf l uence on any parameter o f  epi sod ic te s to s terone 

secret ion . 

At each age s imi lar pre - tre atment testo s te rone leve l s  

were recorded f rom anima l s  a l l oca ted to the e nt ire and 

hemi ca strate groups . 

At both post-treatment samp l ings hemicastrates tended 

to have l owe r t e s to s terone c oncentrations tha n en t i res , but 

this e f f e c t  wa s not s igni f icant . By way of c ontras t ,  

anima l s  f rom both group s had higher ( P < O . O l )  androgen 

levels at 4 weeks a f ter samp l ing started than a t  2 week s 
+ . + (mean value s  were 1 . 7 1 - 0 . 4 3 ng/ml at 4 we eks vs  1 . 0 9 - 0 . 5 4 

+ ng/ml at 2 weeks  for hemica stra t e s  and 2 . 2 0 - 0 . 4 2 ng/ml 
vs 1 . 3 4� 0 . 5 3 ng/ml for ent i r e s ) .  

I n  the analyses  o f  var i ance the age ma i n  e f fect  wa s very 

highly s i gn i f ic ant . Inspec t ion o f  t he data in tab l e  4 . 5  

invar iably r evea l ed that , both for boar s and hemica strate s , 

lowe st l ev e l s  were recorded a t  each pro f i l e  samp l ing from 

the anima l s f i r s t  s amp led at 4 weeks o f  age a nd h ighe s t  

from tho se i nt roduc ed t o  the experiment at 2 0  week s , 

intermediate  values tended to be re corded f rom g roups 

C and D .  

( b )  GnRH Re sponses ( Exper iment 4 . 2 ) 

Both LH a nd t e s to s terone secretory responses  fol l owed 

the inj e c t ion o f  GnRH in entires  and hemica s trate s . 

( i )  LH 

( F igures  4 . 3- 4 . 5  and t abl e s  4 . 7  and 4 . 8 ) 

At e ach age mean pre- inj e c t ion LH leve l s  were s imi l ar 

to tho s e  ob se rved i n  the acute p ro f i l e stud i e s . For 

hemicas trat e s  l eve l s  were 1 . 2 2� 0 . 2 9 ng/ml at 8 week s , 
+ + . 1 . 6 4 - 0 . 1 4 ng/ml at 1 6  weeks and 1 . 2 6 - 0 . 0 9  ng/ml a t  2 4  weeks , 

whi l e  f o r  ent ires the corre s pond ing values were 1 . 0 3� 0 . 4 3 ,  

9 8 . 



9 9 . 

+ + 2 . 3 8 - 0 . 4 5  and 1 . 0 7 - 0 . 1 8  ng/ml . The se patterns o f  chang e 

were repr e s ented by a s i gn i f i ca nt ( P  < 0 . 0 5 )  quadratic 

component i n  the ana lys i s  o f  the e f fect s of  age o n  pre ­

inj ection LH concentra tions . 

As far  a s  total  LH respon s e s  wer e conc e rned tho se o f  

entires and hemica s trates were not s igni ficant ly d i f ferent , 

nor was there any s i gni ficant e f fect o f  age . 

( i i )  Te stosterone 
(Figures 4 . 3 - 4 . 5  and tab l e s  4 . 7 and 4 . 8 )  

Mean pre-inj ection p l a sma t e s toste rone l evel s r ecorded 
+ 

f rom hemi cas trate s were low a t  8 weeks ( 0 . 3 6 - 0 . 2 4 ng/ml ) ,  

peaked a t  2 . 0 5� 0 . 9 3  ng/ml at 1 6  we ek s , and then dec l i ned to 
+ 

1 . 4 5 - 0 . 2 7 ng/ml at 2 4  weeks . However , for entires  p l a sma 

concentrations were 0 . 0 8� 0 . 0 4 ng/ml a t  8 week s , 1 . 1 9� 0 . 5 8 
+ 

ng/ml at 1 6  weeks and 1 . 7 7 - 0 . 6 1 ng/ml a t  2 4  weeks . 
Consequent ly in the ana l ys i s  o f  var iance bo th the l i near 
( P  < 0 . 0 0 1 )  and quadratic ( P  < o . 0 5 )  component s o f  the e f fects  

of  age  on pre- inj ection l eve l s  o f  testosterone were 

s igni f i c ant . 

Treatment (hemi c a s trates vs  en t i re s )  had no s ign i f i cant 

e f fect on pre- inj ection p l a sma t e stosterone leve l s , nor on 

total output o f  this  ho rmone . 

Tot a l  testosterone response s f rom hemi castrates wer e  

l owe s t  a t  8 weeks ( 1 4 . 6 6 ng/ml . hr ) , pe aked at  1 6  week s  

( 4 9 . 5 4  ng/ml ) and then decl ined t o  4 5 . 2 3  ng/ml at 2 4  week s . 

However , i n  entire s the tot a l  hormone output increased 
progr e s s ive l y  from 1 2 . 0 4 ng/m l . hr at 8 week s , to 4 0 . 9 3 

ng/ml . hr at  1 6  weeks and 4 7 . 3 1 ng/ml . hr at 2 4  weeks . The s e  

patterns o f  change were repr e s ented b y  s ign i f i cant ( P < 0 . 0 0 1 )  

l inear and quadratic ( P < 0 . 0 5 )  components i n  t he analy s i s  
o f  the e f fe c t s  o f  age o n  total t e stos terone re sponse s . 

( c )  Organ We ights 

( Ta b l e s  4 . 9  and 4 . 1 0 )  

Data on testicular and epididyma l we ights and on 

semini ferous tubular d iameters obtained from a n ima l s  at 

the time o f  hemicastrat ion , a nd f rom c ontr o l  ent ires  at  
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Tab le 4 . 7 : Mean ( �SEM ) pre-GnRH inj ec tion LH and testos terone l eve l s  ( ng/ml ) and total LH 
and testo s terone re spons es  (ng/ml . hr )  from boars in experiment 4 . 2  

Age 
(weeks )  

8 

1 6  

2 4  

Overa l l  Mean 

8 
1 6  

2 4  

Over al l Mean 

En tires 

+ 
1 . 0 3 - 0 . 4 3 

+ 2 . 3 8 - 0 . 4 5 
+ 

1 . 0 7- 0 . 1 8 

+ 1 .  4 9 - 0 .21  

+ 3 2 . 2 1- 1 . 1 8 
+ 2 9 . 0 4 - 0 . 5 3 
+ 

3 1 . 7 7 - 1 . 1 9 

+ 
3 1 . 0 0 - 0 . 58 

LH Te stos terone 

Hemica s trates En tires 
P REINJECT ION HORMONE LEVELS 

+ 1 . 2 2 - 0 . 2 9 
+ 1 . 6 4 - 0 . 1 4 
+ 

1 . 2 6 - 0 . 0 9 

1 . 3 7� 0 . 11 

+ 
0 . 0 8 - 0 . 0 4 

+ 1 . 1 9 - 0 . 5 8 
+ 

1 . 7 7 - 0 . 6 1 

1 .  0 1� 0 - 28 

TOTAL HORMONE RE SPONSES 

+ 3 0 . 7 2 - 1 . 2 4 + 1 2 . 0 4 - 1 . 4 1 
+ 2 8 . 7 8 - 0 . 5 5 + 4 0 . 9 3 - 0 . 8 5 
+ 2 4 . 2 3 - 0 . 7 3 

+ 
4 7 . 3 1- 0 . 8 1 

+ 
2 7 . 9 1 - 0. 51 

+ 
3 3 . 4 2 - . 0 .6 1  

Hemica s trates 

+ 0 . 3 6 - 0 . 2 4 
+ 2 . 0 5 - 0 . 9 3 
+ 

1 . 4 5 - 0 . 2 7 

+ 
1 . 2 8 - 0 . 30  

+ 1 4 . 6 6 - 0 . 8 1 
+ 4 9 . 5 4 - 2 . 8 3 
+ 

4 5 . 2 3 - 2 . 2 7 

3 6 .  4 7 � 1•23 � .  

1--' 
0 
w 



Tab l e  4 . 8 :  Summary o f  ana l y s e s  o f  vari ance o f  ba s a l  and 

total LH and te s tosterone data f rom 

exper imen t 4 . 2  

Source o f  Variation 

A .  Trea tment 
( Control vs 
Hemicastrate ) 

B .  Age 

DF 

1 

2 

LH 
Var iance Rat ios 

Testo s terone 

Ba s a l  To tal 

0 . 2 9 0 . 9 8 

Ba sal  Tot a l  

0 . 0 7 0 . 3 0 

1 0 4 . 

( i )  Linear 

( i i ) Quadratic 

1 

1 

0 . 1 4 

4 . 4 8 *  

0 . 0 8 4 6 . 9 4 * * * 2 3 . 5 4 * * * 

I nt erac tion 

Treatment x Age 

Re s idual mean 
Squa r e  

2 

1 8  

0 . 2 8 

1 6 1 . 7 1 

1 . 8 2 6 . 2 1 *  

0 . 5 2 0 . 7 2 

3 . 6 6 9 7 . 8 9 

6 . 8 9 *  

0 . 4 3 

1 1 . 5 1 



Table 4 . 9 :  Mean {±SEM) testicular and epididyma l we ights ( g )  from hemic a strate (HC ) 
and e ntire boars , and t-test value s from experiment 4 . 1 .  

Age (Weeks )  
PARAHETER 

We ight of 1 s t  testes HC 
We ight of 2nd testes HC 
Mean wei ght of testes  of entires 

Ratio o f  We ights : 
We ight o f  2nd testes HC 
Mean weight of  testes of entires 
t-test values ( IO DF ) t 

We ight of  1 s t  epid idymide s HC 
We ight of 2 nd epididymides HC 
Mean we ight of  epididymides 
o f  entires 

Rat io of  We ights : 
1-i'eight of 2 nd epididymides HC 
Mean We ight of epididymide s o f  
e n  tires 
t-test values ( IO DF ) � 

4 

+ 3 . 9 2- 0 . 5 2 

+ 1 .  5 8 - 0 . 09  

8 

TESTICULAR 

+ 1 5 . 5 2 - 0 . 7 5 
+ 6 . 7 1- 0 . 7 1 

2 . 3 1 

8 . 1 5 ,  P < O . O O l  

EPIDI DY�..AL 

c . 4 8 :!: o . 2 9 

3 . 9 32: 0 . 2 4 

1·6 5 

3 . 8 5 ,  P < 0 . 0 1 

1 2  

+ 1 3 . 7 8 - 1 . 2 5 

+ 5 . 4 0 - 0 . 4 4 

1 6  

1 0 9  . 1 8�1 . 7 0  
+ 6 4 . 0 3 - 2 . 8 3 

l .  7 1  

4 . 0 4 , P < O . O l 

+ 1 8 . 2 8 - 0 . 9 0 

1 8 . 0 8 2: 0 . 9 0 

l .  0 1  

0 . 0 3 ,  P > 0 . 0 5 

2 0  

+ 9 2 . 8 4 - 2 . 2 1 

2 5 . 1 22: 2 . 4 0  

2 4  

2 4 5 . 6 32: 3 . 3 8 
+ 1 7 9 . 9 4 - 9 . 0  

l .  3 7  

2 . 7 7 ,  P < 0 . 0 5 

5 2 . 3 02: 0 . 8 9 

+ 4 8 . 0 3 - 2 . 1 3 

l .  0 9  

0 . 4 5 ,  P > 0 . 0 5 

t · t�test val ue s  are for compari son between mean we ight s of  hemicastrate 2nd te stes vs mean we ight of  
- te stes from entire s . 

--

� t-test values are for compar i sons between mean we ight s o f  hemi castrate 2nd epid idymides vs  mean we ight 
- o f epid idymide s from ent ires . 

I-' 
0 
Ln 



Table 4 .1 0 : Mean (�SEM )  s emini ferous tubular diameter s ( S TD -�m )  o f  hemicastrate ( HC )  and 

entire boars , and t-test  values from exper iment 4 . 1  

Age (weeks ) 4 8 1 2  1 6  2 0  

Parameter 

STD 1 s t  testes HC 
+ 5 2 . 8 5 - 1 . 2 3 + 

6 5 . 1 7 - 2 . 9 4 + 
1 5 3 . 3 - 3 . 3 8 

2 4  

STD 2nd te stes HC 
+ 

6 5 . 8 7 - 2 . 3 0 1 5 5 . 4 9� 6 . 6 1 1 9 2 . 4 8 � 0 . 2 4 

STD entires 

Rat io o f  STD ' s :  

STD 2nd teste s HC 
STD ent ires 

t-test values 

( 1 0 DF ) 1T 

+ 
5 8 . 8 2 - 1 . 9 1  

1 . 1 2 

1 . 5 5 ,  P > O . O S 

1 2 5 . 9 8:!: 4 . 4 1  1 7 2 . 8 7 :!: 1 . 6 0 

1 . 2 3 1 . 1 1 

1 . 1 6 ,  P > O . O S 3 . 4 0 ,  P < O . O l 

1! t-test values are for comparisons betwe en mean STD o f  second testes o f  hemi castrates vs 

mean STD o f  entires . I-' 
0 
0'\ 



castra t ion ( i . e .  data re l a ting to o rgans for whi ch compen­

satory hypertrophy cou l d  not be expect ed ) ,  c l early ind i cated 

that these parameters i ncreased l ine arly with age . 

Te s t icular data obta ined in the p re sent expe riment 

clearly showed that for each pair o f  g roup� we ights o f  

testes from en t i r e s  were grea ter than t hose o f  the f ir s t  

testes o f  hemi c a s trate s , but si gni f i cantly l e s s  than we ight s 

o f  second hemica s trate t e s te s . However ,  the r e l ative degree 

of compensatory hypertrophy decr eased wi th age , from 1 3 1 %  a t  

8 week s to 3 7 %  a t  2 4  we eks o f  age . A s imilar trend in 

re su l t s  was no ted in the epid idymal we ight data ( Table 4 . 9 ) ,  

but only at 8 we eks were epididymide s from hemi castrat e s  

sign i f icantly ( P  < 0 . 0 1 )  heavier than tho se o f  entire s . 

1 0 7 . 

Hemicastration a l so induced compensatory incre a s e s  in 

semin i ferous tubu l ar diameter s at a l l  three age s ( Tabl e  4 . 1 0 ) . 

However ,  tho s e  i ncreases  were stat i s t i ca l l y s i gni f ican t  

only at 2 4  week s ( P  < 0 .  0 1 ) . 

(d ) Qua l i tat ive Te sticu l a r  H i s tology 

Ma j o r qua l i tat ive h i s to log ica l feature s of t e st e s  
co l l ected at va r ious age s a r e  summa r i z ed be low . I n  general  

ma turational change s coul d be attributed en tirely to age 

at castration and hemi c a s trat ion had no influence . 

( i )  4 and 8 wee k s  
( F igure 4 .  6 )  

The hi s t o l og i ca l  appearance o f  t e stes removed at 4 

weeks wa s very s im i l ar t o  that obse rved after removal o f  

the s econd t e s t e s  from h emicastrates a t  8 weeks . On l y  two 

type s o f  cel l s  were evident in the seminiferous tubul e s : 

( a )  s upporting c e l l s  whi ch formed a s ingle b a s a l  l ayer o f  

sma l l  c e l l s  w i t h  dark ly sta ined nuc le i ; and ( b )  a few . 

larger ce l l s  ( gonocyte s/pro spermatogon i a ) w i th rounded 

highly s tained nuc l e i  l o cated more c e ntra l ly . Inters t i t ia l  

t i s s ue f ormed t he bulk o f  the t e s t e s  and compri sed a f ew 

f ibrobl a s t s  and nume rou s  Leydig c e l l s ;  the l atter were 

characteri sed by eos inophi l ic granu l ar cytopl a sm and b a sophi l ic 

nuc l eoplasm conta ining o ne or more nuc l eo l i .  



F i g u re 4 . 6 :  Te s t i c u l a r p h o t om i c ro g r a p h s  f rom 4 
a n d  8 w e e k  o l d  b o a r s .  M a g n i f j c a t i on x 
6 5 0 ;  H a ema toxy l i n a n d  E o s i n  s t a i n . 
Gono c y t e s ( G ) , s uppo r t i n g c e l l s  ( S )  a n d  
Leyd i g  c e l l s  ( L )  . 

( a ) 4 we e k  o l d  e n t i re 

( b ) 8 w e e k  o l d  e n t i r e  

( c )  8 w e e k  o l d  hemi c a s t r a t e  



1 1J 3 



F i g u r e  4 . 7 : Te s t i c u l a r  pho t o m i c r o g r a p h s  f r om J 2  a n d  
1 6  w e e k  o l d  bo a r s . M a g n i f j c a t i on x 6 5 0 ; 
H a em a t o x y l i n  a n d  E o s i n  s t a i n . S p e r m ­
a t o g o n i a ( S G ) , s p e rm a t o c y t e s  ( SM ) , r o u n d  
s p e rm a t i d s ( RS ) , S e r t o l i  ce l l s  ( S ) a n d  
Le y d i g c e l l s  ( L ) . 

( a )  1 2  week o l d  e n t i r e 

( b )  1 6  week o l d  e n t i r e 

( c )  1 6  we e k  o l d  hemi c a s t ra t e  



1 0 9 



F i g u r e  4 . 8 : Te s t i c u l a r p h o t om i c r o g r a p h s  f r om 2 0  a n d  
2 4  week o l d  bo a r s . M a g n i f i c a t i o n x 6 5 0 ; 
H a ema t o xy l i n  a n d  Eo s i n  s t a i n . R o u n d  
spe rma t i d s  ( R S ) , e l on g a t e d s p e r ma t i d s  ( E S ) 
a n d  ma t u r e  s pe r m a to z o a  ( S P ) . 

( a )  2 0  w e e k  o l d  e n t i r e  

( b )  2 4  week o l d  e n t i r e 

( c )  2 4  w e e k  o l d  h e m i c a s t r a te 



1 1 0 



No qual itat ive d i f ferences in hi stolog ical  appearan c e  

were r eco rded f rom t e s t e s  o f  age-matched contro l bo ar s 

cas trated at 8 weeks o f  age . 

( i i )  1 2  and 1 6  weeks 

( F i gure 4 . 7 ) 

I n  testes obta i ned at  hemi castrat ion at  1 2  week s , t he 

germi nal  c e l l  epi thel ium showed s igns  o f  nuclear d ivi s ions  

and o cca s ional spermatocyte s we re see n .  Supporting c el l s  

had started to acquire adu l t  Serto l i  c e l l  morphology , wh i l e  
tubul a r  lumina were v i s ib l e  in some seminiferous tubul e s . 

The r e l ative vol ume o f  interstitial  t i s sue had decl ined 

when compared with that seen in t e s t e s  o f  4 and 8 week o l d  

boar s . 

At 1 6  week s  the remaining testes  o f  hemi ca strate s and 

tho s e  f rom ent i r e s , d i sp l ayed d i st inct semini ferous tubu lar  

lumina . In  addit ion to t he cel l popu l ation obs erved at  1 2  

week s ,  pr imary spermato cyte s and few e longated spermatids  

were s e en . Number s  o f  sperma togon i a  had increased and 

1 1 1 . 

mature Sertol i c e l l s  wer e  identi f ied in a l l  teste s . However , 

no obvious chang e s  in Leydig ce l l  mo rpho logy were evident . 

( i i i ) 2 0  and 2 4  weeks 

( F igure 4 . 8 ) 

The micro scopic appearance o f  the testicular t i s s ue a t  

2 0  weeks  o f  age wa s s im i l ar to tha t seen at 1 6  week s , but 

the number o f  p r imary spermatocytes had increased and round 

sperma tids  wer e  seen towards the l umin a . E l ongated sperma t i d s  

were more nume ro u s , whi l e  S erto l i  c e l l  nucl e i  had adult  s i ze 

and morpho logy . 

I n  testes  c o l lected from hemi castrates and entires at  

24  week s ,  the germinal epithel ium wa s much t a l l er . The c e l l 

population a l so had increased great l y  and consi sted mo s t l y  

of  spermat ids a n d  pr imary spermatocyte s . N o  further 

reduction in the vo l ume of inter s t i t i a l  t i s s ue was noted . 

Leydi g  c e l l s  appeared l arger with we l l  de f i ned eo s i noph i l i c  

cytop l a sm and round nucl e i .  Some t e st e s  from both entires  

and h emicastrat e s  contained spermato z o a . 



4 .  D i s cuss i on 

( a )  Acute P ro f i l e Stud i e s  

1 1 2 .  

Exper iment s invo lv i ng frequent blood s ampl ing technique s 

have shown that i n  ma l e  anima l s  o f  several specie s ,  including 

bo ar s o f  var ious age s , LH is  secreted into the bl ood i n  a 

pul s at i l e  rathe r than cont inuou s  manner (El lendor f f  et a l . , 

1 9 7 5 ; Sanford e t  a l . ,  1 9 7 6fl; Lapwood and FlorCruz , 1 9 7 8 ) . 

In boars pul sa t i l e  var i a t i ons i n  p l a sma LH l eve l s  have been 

dete cted within a few hours a f ter birth (Colenbrander e t  a l . ,  

1 9 7 7 ) , thus i t  was no t s urpr i s ing tha t  evidence o f  epi sod i c  

r e l e a s e  o f  thi s hormone was recorded a t  each sampl ing age 

in the pre sent expe r iment . 

P u l satile  LH secretory patt erns a l so were evident at  

each s ampl ing o f  hemicas trates  and b i latera l castrate s , but 

the f l uctuat ion s recorded from c a strates were of  greater 

mag n i t ude than t ho se of entires o r  hem i cas trate s .  S im i l a r  

exaggerated pul s a t i l e  va riations o f  plasma LH leve l s  have 

bee n  reported previo u s ly for barrows (Col enbrander et al . ,  

1 9 7 7 )  and castrate ma l e s  o f  other spe c i e s  ( for example, 

wethe r s ; Riggs and Malven , 1 9 7 4 ) . 

Mo s t  epi sod i c  releases  o f  LH recorded from boars and 

hem i c a strates aged 8 weeks  or mo re were fol lowed by peak s 

in p l a sma testo sterone concentrat ions . A result that 

conc urred with previous r eports  on secret ion of the se 

hormone s  in pubertal  ( Lapwood and F l orCruz , 1 9 7 8 )  and po s t ­

pubertal ( Sanford e t  a l . , 1 9 7 6� Lapwood and FlorCruz , 1 9 7 8 )  

boa r s . Prior to 8 weeks  only about h a l f  the LH peak s 

r e s u l ted in e l ev a t ions i n  te sto st e rone l eve l s . No prev ious 

re s ea r ch appears to have been publ i shed on the inter -rel at ion­

ships between the secret ion o f  the s e  two hormone s in  such  

young boars . However , it  is  pert i nent to  no te that whi l e  

Wi l son and Lapwood ( l 9 7 9 a )  observed t hat i n  r am lambs 

older than 1 4  week s , LH peaks always were f o l lowed by 

inc r e a s e s  in t e s t o s terone l eve l s , no s uch con s i stent 

r e l a t ionship wa s recorded at  6 wee k s . 

LH data f rom the pre sent experiment d id not s how a ny 



acute e f fects  o f  hemi ca strat ion . The lack o f  s igni f i cant 

di f ferences in LH leve l s , betwe en age-matched entires and 

hemi ca strate s 2 weeks a fter s urgery , probab ly wa s an 

ind i cat ion t ha t  within a short time the rema in ing testes  

bec ame capable of  secret ing s u f f i c ient testo s ter one to 

ma i nta i n  near norma l LH leve l s , although tho s e  recorded 

1 1 3 . 

f rom hemic a s trates tended to be higher than those o f  entires . 

In the only other s imi l ar report on porc ine research 

(El sae s ser et a l . , 1 9 7 8 )  there was no s igni f i cant e f f ect o f  

un i l ateral orchidec tomy on p l asma LH and testo sterone l eve l s  

o f  Gott ingen miniature bo ars , al though aga in the hemicast­

rate s t ende d to  have el evated LH  and  lower t e s to s terone 

leve l s  compared to entire s . S imi l ar results a l so have been 

recorded from ram lambs (Wal ton et a l . ,  1 9 7 8 ) . 

One result  in the analys i s  o f  vari ance for  LH data 

from the pro f i l e exper iment provided some evidence that 

hemicas tration i n f luenced the secret ion of that ho rmone . 

That evidence wa s the s igni f icant d i f ference between LH 

concentrations o f  p l a sma coll ected 2 and 4 week s po s t -

treatment . However , i t  was concluded that t h i s  wa s a s  

much a n  e f f ect o f  age a s  hemi castrat ion . I n  favour o f  thi s 

con c l u s ion wa s the fact tha t at 4 weeks  po st-hemicas trat ion 

the r e  was no s i gni ficant d i f fe rence between mean LH leve l s  

reco rded for hemi castrate and ent i re boars . Also  LH 

conc entrat ions re corded from enti r e s  at tho s e  two samp l ings 

inc reased , even though non - s ign i f i cantly . 

The l ack o f  any s ignif icant d i f f erence i n  p l a sma 

te s to sterone concentrat ions o f  ent i r e s  and hemi cas trat e s  
h • 

at 2 and 4 wee k s  a f ter ;�kstrat ion i nd i cated t hat the remain-

ing t e s tes  were secret ing mor e  androgens than each t e s t i s  
o f  e n t ires . F ur the r evidence f o r  r apid compensatory 

hyperse cretion by the remaini ng t e s t i s  o f  hemic a s trated 

boa r s  come s f rom t he studies o f  L ip trap and Rae s ide ( 1 9 7 1 )  

and E l saesser  e t  a l . ( 1 9 7 8 ) . I n  the l atter s t udy near normal 

tes to sterone l eve l s  were recorded 2 4  hours  a fter uni l ateral 

orch ide ctomy of  Gott i ngen miniature boar s , whi l e  i n  the 

former s tudy norma l deh�oep i andro sterone and oe strogen 



l evels  were r ecorded i n  the f i r s t  u r ine sampl e  co l l ected 

a fter un i l ateral  castrat ion of two adu l t  boar s . 

1 1 4 . 

Increa s e s  i n  pla sma LH l eve l s  were recorded 2 weeks  a f ter 

bilateral c a s trat ions at  1 0 , 1 8  and 26 weeks of  age , con f i rm­

ing that the s teroid negative feedback system wa s operat ive 

at least  as e a r l y  as 1 0  weeks o f  age . That result  i s  

compat ible w i th the obs ervat ion s  made by Ford and S chan­

bacher ( 1 9 7 7 ) and Co lenbr ande r e t  a l . ( 1 9 7 8 ) . 

( b )  Hormone Re sponses  to  GnRH I nj e c tion 

GnRH admini stration caus e s  pituitary LH release 

fol lowed by t e s t i cular  androgen s e c retion in ma l e  animal s 

o f  many spec i e s  ( Convey , 1 9 7 3 ;  P e l l e tier , 1 9 7 6 )  inc l uding 

boars ( E l sae s se r  et a l . ,  1 9 7 3 ; E l sae s s e r  et al . ,  1 9 7 4 ; 

Pomerantz et a l . ,  1 9 7 2 ; 1 9 7 4 ) . Typ i cal  gonadotroph i c  and 

androgen i c  se cretory r e spon s e s  a lway s  fol lowed re leasing 

hormone inj e c t ion in experime nt 4 . 2 .  

( i )  Pre-inj e ct ion hormone l eve l s  

Pre- inj e c tion LH and testo s te rone concentra tions 

recorded f rom both entires and h emi cas trates corresponded 

we l l  with hormone l eve l s  recorded i n  the long itud inal 

( exper iment 3 . 2 )  and acute pro f i l e  studies  ( exper iment 4 . 1 ) . 

The ag e-related changes i n  LH and t e stos terone l eve l s  

detected i n  t he pre sent s tudy a l so agreed with s imilar 

changes  observed in tho s e  lon g i tudinal and acute pro f i l e  

studie s .  

( i i )  To ta l ho rmone responses 

There wa s no s igni f i cant d i f f erence in tota l LH output 

of hemicas trate s and entires fo l lowing GnRH admini strat ion , 

con f i rming the observations o n  LH s e cret ion made in the 

acute pro f i l e  study o f  t he pres ent exper iment .  

To tal LH r e spon s e s  were not s ign i fi cant ly a f fected by 

age in e i ther group o f  animal s .  That r e sult confirmed the 

research o f  P ome rant z e t  a l . ( 1 9 7 4 ) , who reported that the 

LH responses  of G�ttingen miniature boa r s  to GnRH s t imul ­

ation were d irectly  do se-dependent a nd not a f fected by age . 



However ,  in ram l ambs inj ected with a s ing l e  dose o f  GnRH 

at 6 ,  1 0 , 1 4 , 1 8 , 2 2 , 2 6  and 3 2  week s  o f  age , Wi l son and 

Lapwood ( 1 9 7 9£) rec orded a l inear decrease w i th age i n  

tot al  L H  output . Neve rthe l e s s , when r epeated do s e s  wer e  

used , the maxima l respon s e  wa s recorded a t  1 4  we eks . At 

that age the LH content of ram l amb pituita r i e s  i s  max imal 

( Sk inner et al . ,  1 9 6 8 ; Courot et a l . ,  ( 1 9 7 5 ) . Co l l ect ive ly , 

1 1 5 .  

the data d i scus sed in thi s paragraph indicates  the need for 

fur the r research on var iations i n  boar pitu itary gonadotrophi n  

content , and in re spon s e s  t o  GnRH , dur ing sexua l deve lopment . 

Hemica stration had no i n f l uence on total  testo s terone 

secretory re spons e s  fo l lowing GnRH administrat ion . Thu s , 

it wo uld appear that 4 weeks wa s a s u f f icient period for 

hemi ca strate testes  to increase their  androg en secretory 

capa c i t i e s  up to the tot a l  secretory c apac i t i e s  of  ent ire 

boar s .  Thi s  concept i s  d i scussed more ful l y  in relation to 

s imi lar  results  whi ch were obtai ned f rom heQicastrate rams 

in the exper iment s  r ecorded ln chapters  5 and 6 .  

The s ign i f i cant e f f e c t  o f  age on total te s tos terone 

output is compat i b l e  with results  f rom expe r iment s  3 . 2 and 

4 . 1 ,  which showed that p l a sma testo sterone l eve l s  of  bo a r s  

increased wi th age . S im i l ar e f fects  o f  age on porc ine 

testo s terone r e sponses  to GnRH have been recorded in 

Gott i ngen miniature boar s ( E l sae s se r  e t  al . ,  1 9 7 3 ; 1 9 7 4 ) 

Likew i s e  Wi l son and Lapwood ( 1 9 7 9£) f ound that the tot a l  
t esto s t erone o utput o f  r a m  lamb s i ncrea sed with age . Such 

increases  wi th age i n  t e s t icular stero i d  secret ion may have 

resu l ted f rom increases  i n  Leyd ig c e l l  secretory activi ty , 

a s  reco rded f rom s exua l ly matur ing boa r s  (Wrobe l et a l . ,  

1 9 7 3 ;  Van Straatten and Wen s ing , 1 9 7 7 a ; 1 9 7 8 ) and/or from 

i ncrea s e s  in numbers o f  Leydig c e l l  receptors a s  s ugg e sted 
by Ode l l  and Swerd l o f f  ( 1 9 7 6 ) . 

( c )  Te s t i cular and Epididyma l We ights  

As c i ted i n  the  i ntroduct ion to  thi s  chapter , compensat­

ory t e sticular hypertrophy in hemica strate s , s uch a s  

observed in t h e  p r e s e n t  s t udy , has b e e n  reported t o  o c c u r  i n  

a wide range o f  spec i e s  i nc l ud ing po s tpubertal boar s ( Hauser  



et a l . ,  1 9 5 2 ) . No data appears to have been pub l i shed 

regarding the e f fects  o f  th i s  treatment when app lied to 

s exua l ly maturing boars of dome stic breed s . 

1 1 6 .  

Evidence o f  compensato ry testicular hyper trophy al so wa s 

provided by the fact  t hat at  8 ,  1 6  and 2 4  weeks  semi n i f erous 

tubule d i ame ters ( S TD ) of  hemicastrates we re - g reater than 

tho s e  o f  entires . However , despite t he fact that the 

greate s t  d i f f erence in STD ' s  wa s recorded at the 1 6  wee k  

s amp l i ng , it  wa s o n ly at 2 4  weeks that the d i f f erence 1n 

tubu lar  d i ameter s was s tat i s t ic a l ly s i gn i f i cant . The 

reason fo r thi s apparen t  contradict ion in results  at tho s e  

2 age s w a s  that there w a s  much greater heterogeneity in 

STD ' s  at the 1 6  week s ampl i ng . No explanation for that 

greater var i abil i ty can be o ff ered a lthough both sampl ings 

occurred within the phase of deve lopment in whi ch STD ' s  

increase mo st rapidly  (Phi l ip s  and Andrews , 1 9 3 6 ; F lorCruz 

and Lapwood , 1 9 7 8 ) . 

S imi larly in bull  calves castrated at 1 week o f  age , 

s igni f i cant increa s e s  in S TD ' s  were detected only in testes  

recovered 2 and 4 months a f t e r  treatment ( Barnes et  al . ,  

1 9 8 0 b ) . Only one previous p aper appears  to have been 

pub l i shed on the e f fects  o f  hemica stration on STD ' s  in 

bo a r s . In tha t report , Hau ser  et a l . ( 1 9 5 2 ) found that 

hemi c a s trat ion of po s tpube r t a l  bo ars  had no e f fect on thi s 

parame te r . Howeve r ,  f o r  many o f  the i r  experimental 

animal s hemicastrations appear to have been performed a t  

age s  when semini f e rous tubu lar diameters  a l ready were 
max ima l , or  nearly so . 

Other testicu l ar parameters  whi c h  may have contributed 

to compens atory t e s ticular hyper trophy inc l ude incre a s e s  1n 

s emini f e rous tubul e  l ength and in interstitial  t i ss ue 

vo l ume . Hauser e t  a l . ( 1 9 5 2 )  recorded evi dence o f  increased 

semin i ferous tubu l e  l ength f o l lowing hemica s t rat ion o f � ", 
pube rtal  boars , but did  not measure i nters t i t i a l  t i s sue 

vol ume . Howeve r , i n  young c a l ve s  ( Barnes e t  a l . ,  1 9 8 0b )  

and adult rams ( Ho chereau-de Reviers  e t  al . ,  1 9 7 6 )  

compensatory hype r trophy o f  the rema ining t e s te s  inc luded 

s ig n i f i c ant incre a s e s  in inter s t i t i a l  t i s s ue volume . 



At 8 weeks o f  age s ign i fi c ant ( P < 0 . 0 1 )  hypertrophy o f  

epididymides f rom hemi castrates  was evident , but there was 

no such s igni f ican t  d i f ference at  the o ther 2 s ampl ing 

age s , nor in the study f rom po stpubertal  bo ar s by Hauser 

et al . ( 1 9 5 2 ) . S imilarly Johnson ( 1 9 7 8 )  did not observe 

any s ign i f icant increase in epid idyma l weights  fol lowing 

hemi castration of pube rta l bul l s . However , in devel oping 

rams ( Rie sen e t  a l . ,  1 9 7 7 ) and ca lve s ( Barnes  et al . ,  1 9 8 0a )  
and in adult rams ( Johnson e t  a l . , 1 9 7 1 ;  Ba rre l �  G . K .  1 9 8 0 ;  

per s . comm . ) s igni f i cant increases in epididymal we ights 

have been observed fol lowing hemi c a s trat ion . 

1 1 7 . 

The endocrine b a s i s  o f  compensato ry ep id idyma l hypertrophy 

in hemi castrates i s  no t c l ear . Mo s t  s imilar expe riments 

have indi cated that testoste rone leve l s  in hemi castrat e s  

are s imi lar t o  tho s e  o f  ent i re s , s o  that hype rtrophy c anno t 

be exp lained in terms of  e l evated per ipheral androgen l eve l s . 

However , it i s  c l ear that hemica strat ion i s  fol lowed by an 

increased flow o f  rete t e s t i s  f luid  (Vog lmayr and Mattner , 

1 9 6 8 )  wh ich conta i n s  high l ev e l s  o f  androgens ( Waites , 1 9 8 0 ) . 

Al so i t  i s  apparent that the per t e s t e s  production o f  

tes to s terone mus t  be higher i n  hemi c a s trate s than ent ir e s . 

Thu s  the po s s i b i l ity exi s t s  that compensato ry hypertrophy i s  

due to i ncre ased loca l androgenic s t imulation from rete 

tes t i s  f luid testos terone . 

( d )  Qua l itat ive Te s t i c ul a r  H i sto logy 

Onl y  very s ub j ective me thods o f  qua l itative h i s to log­

ical analy s i s  of testes  were used i n  thi s exper iment 

be cause such observations were regarded as being very much 

secondary to the ma i n  thrust of the endocr ine s tudy . G iven 

the l imi tations o f  t hat approach , h emi c a stration and the 

sub sequent compen satory t e s t i c ular hypertrophy did not 

appear to cause any ma j or changes  i n  the compos i t ion o f  

i n  s eminiferou s tubular c e l l  popul ation s . A s imilar 

conc lus ion was r e ached by Swie r s tra ( 1 9 6 8 )  who used t r itia t ed 

thymidine incorporat ion s tud i e s .  

On the other hand re s earchers who have undert aken 

det a i l ed and systematic h i s to logical  analyse s ,  and who 



allowed much greater time per iods between hemicastrat ion 

and recovery of the second teste s , have reported qu al itative 

changes  i n  the germinal c e l l  population a s so c i ated wi th 

compensatory hypert rophy . For examp l e  in ram lamb s hemi ­

castrated at 6 wee k s  o f  age , compen satory hypertrophy o f  

1 1 8 . 

the remain i ng t e s t e s  wa s seen to be a s soc iated wi th increa se s 

in Serto l i  and spermatogonial c e l l  numbe r s  ( Ho chereau-de 

Revi e r s  and Couro t , 1 9 7 8 ; de Revier s e t  al . 1 9 8 0 ) . S imilar­

ly hemicastration of  impuber al  rats  or  calve s resulted in 

an increase in numbe rs o f  Serto l i  ce l l s  and stem spermat­

ogon i a  ( Hochereau-de Rev i e r s  and Courot , 1 9 7 8 ;  Barne s et a l . ,  

1 9 8 0 b )  in the r ema in ing adult test i s . Hemi castrat ion o f  

adult  r ams and bul l s  a l so h a s  be en reported to induce 

change s  in the g e rminal c e l l population , but not in Serto l i  
c e l l  numbe r s  ( Hochereau-de Reviers e t  a l . ,  1 9 7 6 ) . 

Thu s , i t  wa s apparent that hemi c a st ration o f  deve lop i ng 

bo ars i nduced s i gn i f icant compens atory increa s es  in hyper s e c ­

retion o f  androgens from t he remaining t e s t e s  and that in 

turn produced normal pe ripheral androgen lev e l s  in the se 

anima l s . 



CHAPTER V 

EFFECTS OF HEMICASTRAT ION ON SECRET I ON 

OF LUTE I N I Z ING HORMONE AND TESTOSTERONE , 

AND ON COMPENSATORY TESTICULAR HYPE RTROPHY 

IN RAT-1 LAMBS . 

1 .  I ntroduc t ion 

As �entioned 1 n  the introduct ion to Chapter IV , 

compen satory t e s t i cular hypert rophy has  been observed 

fo l l owing hemicastration of ma le anima l s  of a wide range o f  

spec i e s , inc l ud ing rams . 

1 1 9 . 

I ncon s i stent resu l t s  have been r ecorded in stud i e s  o f  

changes  in plasma gonadotrophin l eve l s  fol lowing hemi c a s t ­

rat ion o f  rams . Some authors have observed an increase in 

p l a sma LH concentrations ( Hochereau - de Reviers  and P e l l e t i e r , 

1 9 7 1 ; Hochereau-de Reviers  e t  al . ,  1 9 7 6 ;  Land and Carr , 1 9 7 5 ) , 

wh i l e  others  have recorded no change ( Riesen  et al . ,  1 9 7 7 ;  

Wa l ton e t  al . ,  1 9 7 8 ; 1 9 8 0 ) . I n  apparently the only 

deta i l ed accounts of the e f fects  of hemi cas tration on FSH 

secre t ion, \\Ta l ton et a l . ( 1 9 7 8 ;  1 9 8 0 )  reported a tran s i ent 

elevation of p l a sma FSH l eve l s  f rom ram lamb s hemicastr ated 

early in l i fe ; they c l a imed that thi s was respon s ible for 

the hypertrophy of the rema in ing t e st i s . 

Compensatory androgen hypersecretion by the rema ining 

tes t i s  of  hemi c a s t rated rams i s  we l l  documented ( Johnson 

et al . ,  1 9 7 1 ; Wa l ton et al . ,  1 9 7 8 ; 1 9 8 0 ) . S imilar androgen 

hyper secre tion by the rema ining t e s t i s  of hemica strat e s  

a l s o  h a s  been recorded 1n bu l l s  ( John son , 1 9 7 8 ) , boars 

( exper iments de s c r ibed 1n Chapter I V )  and cockere l s  ( Dr iot 

et a l . ,  1 9 7 9 ) . 

The maj or a im o f  exper iments de s c r ibed in thi s chapter 

was to examine the e f fects  o f  hemi cas tration on secretory 

pro f i le s  of LH and testo sterone i n  deve loping ram l amb s . 

The e f fec t s  o f  thi s treatment on the p i tuitary-te s t ic u l ar 



endocrine ax i s  were f urthe r  explo red by condu ct ing GnRH 

re sponse stud i e s  four we eks a f ter hemi castrat ion at  four 

di f ferent age s . A long itudinal study wa s unde rtaken i n  

order t o  re- examine LH a nd t e st o s terone secretory patterns 
in spr ing born Romney ram l ambs between birth and 3 0  week s 

o f  age . 

2 .  Materia l s  a nd Methods 

( a ) An imal s 

3 2  ram lambs wer e  i dent i f i ed and a l located randoml y 

to four pa i r s  o f  treatment group s  (A and B ,  C and D ,  E and 

F ,  and G and H ) , eac h group having four anima l s . 

( b )  Longi tud inal  Study (Experiment 5 . 1 )  

The eight ram lamb s al located to groups G and H were 

ut i l i z ed ln a long itud ina l study of hormone secret ion from 

birth to 3 0  weeks o f  age . From 2 8  weeks the number o f  

animals  in the exper iment wa s r educed to 4 because the se 

animal s were part o f  another experiment (experiment 5 . 2 ) . 

( i )  Sampl ing procedure 

Blood samp l e s  wer e  obta ined ever y  Monday from birth to 

3 0  weeks o f  age . Sampl ing commenced at  0 9 . 0 0 h on each 

occa s ion . LH and testo sterone e s t imations were performed 

on a l l  plasma s ampl e s . 

( i i )  Body we ight s 

Body we ights were r ecorded each fortn ight , f rom e i ght 

wee k s  to 3 2  week s , as a check o n  body growth� 

( c )  Surgical Treatment Protoco l ( Experiments 5 . 2  and 5 . 3 )  

Ram lambs i n  group s  A ,  C ,  E and G were hemi ca strated 

1 2 0 . 

at 4 ,  1 2 , 2 0  and 2 8  wee k s  o f  age , r e spect ive l y ,  whi l e  t ho se 

ln g roups B ,  D ,  F and H were mainta ined as age-matched 

control ent ir e s . Four weeks a ft e r  hemi castrat ion s had been 

p e r formed the r emain ing testes  o f  t ho s e  anima l s  wer e  r emoved ; 

at  the same t ime animal s in t he appropr iate age-matched 

control groups were b i l atera l l y  c a st rated . A protocol  o f  

surgical procedures i s  g iven in table 5 . 1 .  
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( d ) Acute P ro f i l e  Study ( Experiment 5 . 2 ) 

Four acute ho rmone secret ion pro f i l e studie s ,  ln wh ich 

bl ood samp l e s  were c o l lected each ha l f  hour for four hours , 

we re undertaken a s  ind i cated in table 5 . 2 .  All plasma 

1 2 2  

samples  were a s s ayed for concentrations o f  LH and t e s t o s te rone . 

( e )  GnRH Re sponse Study (Expe riment 5 . 3 ) 

Immed iately a fter each pro f i l e  3 blood sampl ing o f  

exper iment 5 . 2 ,  at 8 ,  1 6 , 2 4  and 3 2  weeks o f  age , but before 

the s ubsequent c a s trations ( table 5 . 2 ) , animal s were 

inj ec ted intravenou s ly with GnRH at a dose of 0 . 5  � g/kg 

body weight . The requ ired do se wa s d i s solved in 5 . 0  ml 

of acidi f ied ( 0 . 0 1 M acetic acid ) 0 . 9 % saline and admin i ster­
ed via j ugular vene puncture as a s ingl e  rapid in j e ct ion . 

Blood samp l e s  were obta ined immed i a tely pr ior to inj ect ion 

(pre- inj ection ) and 3 0 , 6 0 , 9 0 ,  1 2 0 , 1 5 0 , 1 8 0 , 2 1 0  and 2 4 0  

minutes a f ter the inj ect ion . All  p l a sma samp l e s  were 

a s s ayed for  c oncentrations of LH and testosterone . 

( f )  Organ We ights and Qua l i tat ive H i s tology 

Te stes and epid idymides we re we ighed , and samp l e s  taken 

for histolog i c a l  proc e s s ing and sub sequent e s t imat ions  o f  

semini ferous tubu lar d i amete r s  and qua l i tat ive hi sto log ical  

examinat ion . 

( g )  Stat i s t i c a l  Ana lys e s  

A l l  hormonal and body we ight d a ta were examined by 

ana lys e s  o f  variance . Hormone data from exper ime nt 5 . 1  

were analysed only up to 2 8  weeks  o f  age because o f  the 

reduction i n  n umbe r of an ima l s  therea fter . 

Testicular  we ight s ,  epididyma l we ights and semin i f erous 

tubular d i amet e r  dat a f rom hemi castrates at 8 ,  1 6 , 2 4  and 

3 2  weeks were c ompared w i th s im i l a r  data obt a ined f rom age­

matched contro l s  u s ing S tudent ' s  t-test . 

3 .  Re sults  

( a )  Longitudinal  Study (Exper iment 5 . 1 ) 

( i )  LH 

( F igure 5 . 1  and table 5 . 3 ) 
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Tabl e 5 . 3 :  S ummary o f  ana lys e s  o f  var iance o f  LH and 

testosterone data f rom exper iment 5 . 1  

Source o f  Var i a tion 

A .  Age 

( i )  Linear 

( i i )  Quadratic 
Rema inder 

B .  Rams 

DF 

1 3  

7 

Re s i dua l mean square 9 1  

1 

1 

1 1  

LH 

Var iance Ra t io s  

Te sto s terone 

2 . 2 5 

2 0 . 1 6 * * *  

0 . 3 0 

0 . 3 2 

6 6 5 . 6 8 

3 . 9 5 *  

2 . 1 2 

0 . 5 4 

2 . 1 2 

1 3 5 . 3 8 



Tabl e  5 . 4 :  S ummary o f  anal y s i s  o f  variance o f  body we ight 

data f rom exper iment 5 . 1 

Source o f  Var i a tion 

A .  Age 

( i )  L i near 

B .  Rams 

Rema i nder 

Re s i dua l mean square 

DF 

1 2  

7 

8 4  

1 

11  

Var i ance 
Ra t io s  

1 0 5 5 . 0 2 * * *  

0 . 3 9 

0 . 4 9 

3 . 9 6 

1 2 5 . 



were 

0 . 7 7 

Me an p l a sma LH l eve l s  recorded dur ing the f ir s t  5 weeks  

relat ive l y  low and ranged between 0 . 4 7� 0 . 1 4 and 1 . 4 6� 
+ ng/ml with a mean l eve l o f  1 . 1 1 - 0 . 3 8 ng/ml . Howeve r ,  

1 2 6 . 

in the sub sequent 1 0  weeks concentrat ions varied between 

1 . 5 1� 0 . 4 7 and 5 . 5 8 � 1 . 8 8 ng/ml with a mean of  3 . 5 9� 1 . 4 5 ng/ml . 
Peak s above 4 ng/ml were recorded at 7 ,  9 ,  1 0 , 1 1 ,  1 4  and 

1 5  week s , during a period in wh ich there wa s a prepubertal  

elevation o f  p l a sma LH  leve l s . From 16  weeks  onwards p l a sma 

val ues  for  LH were lower and re lat ive l y  stab l e  and ranged 
+ + 

between 0 . 2 3 - 0 . 0 4  and 2 . 2 1- 1 . 0 9 ng/ml . These patterns o f  
change i n  hormona l  l evels  contributed a very highly s ign i f ­

icant ( P  < 0 . 0 0 1 )  quadratic component in the ana l y s i s  o f  

var ianc e .  

( i i )  Te sto sterone 

( F i g ure 5 . 1  and table 5 . 3 ) 

From b i r th to 4 weeks o f  age p l a sma te sto ste rone l eve l s  

we re low and varied between 0 . 2 0� 0 . 0 4 and 0 . 3 2 � 0 . 0 9 ng/ml 

wi th a me an o f  0 . 2 7� 0 . 0 3 ng/ml . Betwe en 5 and 2 6  week s o f  
+ + age the leve l s  f l uctuated between 0 . 2 4 - 0 . 0 7 and 1 . 0 4 - 0 . 3 9 

ng/ml with a higher mean concentrat ion ( 0 . 6 3� 0 . 0 5 ng/ml ) .  

The leve l s  then i ncre ased progre s s ive l y  from 1 . 1 8� 0 . 8 2 ng/ml 
+ at 2 7  wee k s  o f  age to 1 . 7 4 - 0 . 2 7 ng/ml at 3 2  weeks and the 

mean hormone conc entration during thi s period wa s 1 . 5 2 � 0 . 1 2 
ng/ml . I n  the anal y s i s  o f  variance o f  age e f fects  on 

testo sterone leve l s  this p attern of change showed up as a 

s ign i f i cant ( P  < 0 . 0 5 )  l inear componen t . 

( i i i )  Body weights f 
( Table 5 . 4 )  

. + Mean body we ight s increased progres sive l y  f rom 1 3 . 4 8 -
+ 0 . 9 8  kg a t  8 weeks  to 3 4 . 3 8 - 0 . 5 2 kg at 3 2  week s .  The 

analy s i s  o f  var i ance revea led a very highly s ign i f icant 

( P  < 0 . 0 0 1 )  l inear e f fect of  age on body we ight s .  

( b )  Acute P rof i l e Study (Exper iment 5 . 2 ) 

( i )  LH 

( F igure 5 . 2 ,  tab les  5 . 5  and 5 . 6 ) 

Evidenc e o f  pul s a t i l e  LH secretion wa s obtained f rom 



PRE-TREATMENT 
2WKS POST - TREATMENT 

3 ,4wks , 12  , 20 , 28 6wks 1 4  22  30  

r'\ 2 
E 

........ 
rn 

s 1 
J: 
....J 

3 

r\ 2 
E 

......... 
rn 3 1 

J: 
....J 

4WKS POST -TREATM ENT 
8wks 16  24 32 

E HC E HC E HC E HC 

2WKS AFTER  B I LATERAL  CASTRAT ION 
OR REMOVAL OF 2nd TESTIS 

10 10wks 18 26 34 

5 

E HC E HC E HC E HC 

Fi gure 5 . 2 :  Mean ( ±SEM ) plasma LH leve l s  recorded from entire ( E )  and 
hemic astrate ( HC )  ram lamb s during acute pro f i l e s tudies  
conduc ted at the age s indi cated ( experiment 5 . 2 ,  n= 4 ) . 

f-' 
N 
-....1 . 



Table 5 . 5 :  Mean ( ±SEM )  LH concentra t ions ( ng/ml ) of hemi castrate and entire 

lambs in experiment 5 . 2 

Group 

A 

c 

E 

G 

Age (weeks ) at  
Pro f i l e  1 11 

4 

1 2  

2 0  

2 8  

Overa l l  Mean 

B 

D 
F 

H 

Overa l l  Mean 

4 
1 2  

2 0  

2 8  

Pro f i le 1 

+ 
2 . 3 1 - 0 . 1 8 

+ 0 . 7 4 - 0 . 3 7 
+ 1 . 1 3 - 0 . 6 8 
+ 0 . 7 5- 0 . 4 8 

+ 
1 . 2 4 - 0 .2.6 

+ 
2 . 3 4 - 0 . 2 2 

+ 0 . 9 1 - 0 . 3 6 
+ 0 . 6 8 - 0 . 2 9 
+ 

0 . 2 6 - 0 . 0 6 

+ 
1 . 0 5 - 0 . 14  

Pro f i l e 2 Pro f i le 3 

HEHICASTRATES 
+ + 

2 . 1 6 - 0 . 9 8 1 . 9 0 - 0 . 2 3 
+ + 

0 . 8 3 - 0 . 2 7 1 . 4 8 - 0 . 1 9 
+ + 

0 . 3 3 - 0 . 0 9 0 . 2 7 - 0 . 1 9 
+ + 

0 . 6 7 - 0 . 5 4 0 . 1 9 - 0 . 0 9 

+ 0 .  9 9 - 0  .33 

ENT I RE S 
+ 

0 . 9 0 - 0 . 3 8 
+ 

0 . 8 2 - 0 . 3 5 
+ 0 . 3 8 - 0 . 1 8 
+ 

0 . 2 8 - 0 . 1 3 

+ 
0 .  6 0- 0 . 16 

+ 
0 .  9 6 - 0  . 10  

+ 1 . 7 3 - 0 . 8 4 
+ 0 . 9 8 - 0 . 5 9 
+ 0 . 7 3 - 0 . 5 2 
+ 

0 . 4 1 - 0 . 2 9 

+ 0 . 9 6 - 0 .34. 

11 S ubsequent pro f i le sampl ings were under taken at 2 we ekly in�erva l s . 

Pro f i l e 4 

+ 
7 . 5 0 - 1 . 3 6 

+ 
7 . 9 7 - 0 . 8 3 

+ 3 . 4 3 - 2 . 7 8 
+ 2 . 5 0 - 1 . 8 3  

+ 
5 . 3 5- 1 . 0 6 

+ 7 . 0 5 -1 . 6 3 
+ 5 . 8 3 - 1 . 3 8 
+ 2 . 4 7 - 1 . 1 4 
+ 

1 . 1 0 - 0 . 7 4 

+ 
4 . 1 1 -0 . 73 

f--' 
N 
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Table 5 . 6 :  S ummary o f  analy s i s  o f  va riance o f  LH data 

f rom experiment 5 . 2  

Source o f  Var i a t i on 

A .  Treatment a nd Sampl ing 
( i )  Pre V S  Post-tre atment 

( i i )  2 week s  & 4 weeks  po st-
treatment vs  6 weeks  
po st -tre atment 

Rema inder 

B .  Age 

( i )  L inear 

Rema inder 

Interaction 

Treatment & S ampl ing x Age 

( i )  

( i i )  

Pretre atment vs P o s t­
treatment x linear 

2 & 4 weeks po s t-treatment 
vs 6 we eks po s t - tr eatment 
xl i near 

( i i i )  2 & 4 weeks po st-tr eatment 
vs 6 weeks po s t -treatment 
xquadra tic 

( iv )  Contro l vs hemic a s trate : 
2 week s  po st-ca s tration o r  
removal o f  second teste s 
x l inear 

Rema i nder 

Re s idua l mean square 

DF 

7 

3 

2 1  

9 6  

1 

1 

5 

1 

2 

1 

1 

1 

1 

1 7  

Va riance 
Ra t i o s  

1 1 . 1 2 * *  

1 1 7 . 1 2 * * *  

0 .  5 2  

4 6 . 5 5 * * *  

l .  7 1  

7 . 5 0 * *  

9 . 7 2 * *  

4 . 7 5 *  

4 . 5 0 *  

0 . 3 7 

2 3 5 . 1 7  

1 2 9 . 



entire , hemi castrate and castrate anima l s  during the 4 hour 

pro f i le studie s .  While  the magnitude of secretory pul s e s  

observed in castrates wa s l arger than for entires o r  hemi­

castrate s ,  pul s e  f requency was not influen ced by treatment . 

At the pre-hemicastrat ion sampl ing there wa s no s igni f ­

icant d i f fe rence between mean pl a sma L H  leve l s  recorded from 

ram l ambs a l located to the hemicastrate ( 1 . 2 4 ± 0 . 3 7 ng/ml ) 

1 3 0 . 

or entire ( 1 . 0 5± 0 . 4 5 ng/ml ) treatment group s . Likewise at 

the fourth pro f i l e  samp l i ng ( i . e .  a f te r  bilateral c a stration 

o f  ent i r e s  and removal of t he second testes of hemi c a s trate s )  

mean p l a sma LH l eve l s  o f  the former entires  and hemic a s trates 

were no t s i gn i f i c antly d i f f erent . 

Hemica strat ion did not c ause any s igni f icant a l teration 

o f  average  LH l eve l s  at e i ther o f  the 2 or 4 week po s t ­

treatment bleed i ng s . By way o f  contrast a very substantial  

e l evation of  LH c oncentr at ion s wa s recorded fol lowing 

complete castration o f  ent i re s  ( l eve l s  rose f rom 0 . 9 6± o . 2 8  

to 4 . 1 1± 1 . 3 9 ng/ml ) and hemi ca strat e s  ( l eve l s  increased 
+ + from 0 . 9 6 - 0 . 4 3 to 5 . 3 5 - 1 . 3 9 ng/ml ) . 

Ove ra l l  me an LH leve l s  decreased l inearly  with ag e 

( P  < 0 . 0 0 1 ) . Th i s  e f fect was evident at each pro f i l e  b l eeding , 

but was muc h more pronounced a fter b i l ateral cas trat ion 

(pro f i l e  4 )  than a fter the f i r st pro f i l e  bleed ing ; that 

dif ferential e f fect  of age wa s the principal reason for  

s igni f i c an t  component s i n  the  treatments x age  interact ion 

in the analy s i s  o f  var i an ce o f  LH data . 

( i i )  Testosterone 

( F i g ur e  5 . 3 ,  tables  5 . 7  and 5 . 8 ) 

Evidence o f  epi sodic  testosterone secretion a l so wa s 

recorded f rom entires  and hemi castrates at al l ages i n  

pro f i l e s  1 ,  2 and 3 .  U p  to  8 weeks  o f  age , a total  o f  4 3  

LH peak s wa s recorded f rom hemi c a s trates and entir e s , but 

only 3 4  were fol l owed by t e s to sterone peaks . I n  cont r a s t , 

after 8 weeks o f  age a total o f  1 0 9  LH peak s wa s rec orded 

and a l l  were fol l owed by testo sterone peaks . 

Over a l l  mea n  pre-tr eatment t e s to sterone l eve l s  in 
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Table 5 . 7 :  + Mean ( - SEM ) testos terone concentrations ( ng/ml ) of  lambs ln 

exper iment 5 . 2 

Group Age (weeks ) at 
Pro f i le 1 'I 

A 
c 
E 

G 

Overa l l  Mean 

B 
D 
F 

H 

Overa l l  Mean 

4 

1 2  

2 0  

2 8  

4 

1 2  
2 0  

2 8  

Pro f i l e 1 

+ 0 . 9 3 - 0 . 3 2 
+ 1 . 4 2 - 0 . 3 2 
+ 0 . 6 8 - 0 . 2 3 
+ 1 . 1 2 - 0 . 2 5 

+ 
1 .  0 4 - 0 . 16 

+ 0 . 5 1- 0 . 1 8 
+ 0 . 5 3 - 0 . 3 0 
+ 0 . 7 3 - 0 . 1 8 
+ 0 . 9 0- 0 . 1 7 

+ 
0 . 6 8 - 0 . 12 

Pro f i l e  2 

HEIUCASTRATES 
+ 0 . 1 7 - 0 . 0 7 
+ 

0 . 3 6 - 0 . 0 7 
+ 

0 . 1 7 - 0 . 0 3 
+ 

0 . 9 8 - 0 . 3 5 

+ 
0 . 4 2 - 0 . 10 

ENT I RE S 
+ 0 . 4 1 - 0 . 1 8 
+ 0 . 0 7 - 0 . 0 5 
+ 0 . 2 9 - 0 . 0 7 
+ 

0 . 8 6 - 0 . 2 2 

+ 0 .  4 1- 0 . 07 

'I Subsequent pro f i l e  sampl ings were undertaken at 2 weekly interval s .  

Pro f i l e  3 

+ 1 . 3 2 - 0 . 4 6 
+ 1 . 2 6 - 0 . 1 5 
+ 

1 . 4 3 - 0 . 8 3 
+ 

1 . 7 7 - 1 . 0 4 

+ 
1 . 4 5 - 0 . 40 

+ 0 . 7 4 - 0 . 2 6 
+ 1 . 2 5 - 0 . 0 9 
+ 1 . 3 6 - 0 . 2 2 
+ 0 . 7 8 - 0 . 2 5 

+ 1 .  0 3 - 0 . 12 

....... 
w 
1\.) 



Tab l e  5 . 8 :  S ummary o f  ana lys i s  o f  var iance o f  

testo s terone data f rom experiment 5 . 2  

Source of  Var i a t ion 

A .  Treatment and S ampl ing 

( i )  

( i i )  

2 weeks  po s t - treatment vs  
4 weeks  po st -treatment 

Rema inder 

B .  Ag e s  

Interact ion 

DF 

5 

3 

Treatment and Sampl ing x Age 1 5  

( i )  

( i i )  

Pretreatment vs  Post­
treatment x quadra tic 

4 weeks  po st -treatment : 
Control  vs  hemica strate 
x quadrat i c  

( i i i )  Remainder 

Re s idual mean square 7 2  

1 

4 

1 

1 

1 3  

Var iance 
Rat ios 

3 0 . 6 9 * * *  

0 . 1 6 

0 . 7 6 

' 
5 . 0 4 *  

4 . 9 6 *  

0 . 7 6 

8 8 . 0 6 

1 33··. 



anima l s  a l l oc ated to hemi castrate and entire treatment 

groups were not signi f i c ant l y  d i f ferent . 

1 3 4 . 

As j udged by the non- s ig n i f icance of  compari sons between 

testos terone leve l s  recorded f rom hemica strate s  and entire s , 

both a t  2 weeks  and a l so 4 wee k s  after treatment , i t  wa s 

evident that hemi castrat ion had no e f fect on testo sterone 

leve l s .  By way of contrast anima l s  from both t re atment 

groups had s igni f icant l y  higher (P < 0 . 0 0 1 )  androgen l eve l s  

4 weeks after sampl ing s tarted than at 2 we eks  (mean value s 
+ + were 0 . 4 2 - 0 . 1 9 ng/ml at 2 wee k s  and 1 . 4 5 - 0 . 1 1 ng/ml at 4 

+ + weeks  for hemi castrate s , and 0 . 4 1 - 0 . 1 7 and 1 . 0 3 - 0 . 1 6 ng/ml 

for entires ) .  

I n  the analyse s o f  variance the ' age ' ma1n e f fect was 

not s ignif icant . 

Two components of  the treatment x age i nteract ion were 

. s ign i f i cant at  the 5% leve l , but detailed examinat ion of the 

data involved revea led  that the se components were of l i tt l e , 

i f  any , phys iological importan ce . 

( c )  GnRH Re spon ses ( Exper iment 5 . 3 ) 

P l a sma concentra t ions  o f  both LH and testosterone 

always i ncre a s ed marked l y  f o l l owing the inj ect ion of GnRH 

into ent ire s  and hemicas trate s .  

( i )  LH 

( F igure s 5 . 4 - 5 . 7  and tab l e s  5 . 9  and 5 . 1 0 )  

At each age mean LH leve l s  prior to GnRH inj ection were 

s imi l a r  to tho s e  observed in experiment s  5 . 1  and 5 . 2 .  For 

hemi c a s trate s the se leve l s  we re h ighe st at 8 weeks  ( 0 . 9 3� 
+ 0 . 2 8 ng/ml ) ,  then dec l ined prog r e s s ive l y  to 0 . 1 5 - 0 . 0 7 ng/rnl 

at 3 2  weeks . Comparab l e  va l ue s  for entires f e l l  from 
+ + 0 . 4 1- 0 . 0 8 ng/ml at 8 week s to 0 . 1 0- 0 . 0 1 ng/ml at  3 2  we ek s . 

The s e  patterns o f  change we re repre sented by a s ig n i f i cant 

(P < 0 . 0 5 )  l i near component i n  the anal y s i s  of the e f fect s  

o f  age o n  pre - inj ection LH concentrat ion s .  

Total LH output o f  hemi castrates wa s s ig n i f icant l y  

( P < 0 . 0 5 )  higher than t h a t  o f  ent ires . In  both groups o f  

anima l s  total response s were max ima l a t  1 6  weeks  o f  age , then 
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Tabl e  5 .  9 :  

Age 
(week s )  

8 

1 6  

2 4  

3 2  

Overa l l  Hean 

8 

1 6  

2 4  

3 2  

Overa l l  Mean 

Mean ( :SEM )  pre -GnRH inj ection LH and testosteron e l eve l s  ( ng/ml ) ,  and 

tota l LH and testos terone re spon ses ( ng/ml . hr )  in exper iment 5 . 3  

LH 

En tires  

+ 
0 . 4 1 - 0 . 0 8 

+ 
0 . 1 7 - 0 . 0 6 

+ 
0 . 1 7 - 0 . 1 6 

+ 
0 . 1 0 - 0 . 0 1 

+ 0 .  2 1 - 0 . 05 

1 4 9 . 3 5: 1 1 . 1 9 

1 7 2 . 4 8: 4 . 8 3 

1 5 6 . 2 5: 5 . 1 5 
+ 

8 9 . 1 9 - 2 . 8 6 

1 4 1 . 8 1: 3·90 

Testos terone 

Hemicas trate s En tires 
PRE INJECTION HORHONE LEVELS 

+ 0 . 9 3 - 0 . 2 8 
+ 

0 . 6 5 - 0 . 2 9 
+ 

0 . 8 3 - 0 . 3 9 
+ 

0 . 5 4 - 0 . 2 4 
+ 

0 . 2 0 - 0 . 0 1 
+ 

1 . 1 6 - 0 . 1 4 
+ 

0 . 1 5 - 0 . 0 7 
+ 

1 . 3 8 - 0 . 5 1 

+ 
0 . 5 3 - 0 .14 

+ 
0 . 9 3 - 0 . 1 8 

TOTAL HORHONE RESPONSE S 

2 5 1 . 9 0: 3 . 7 6 

2 6 7 . 8 0:7 . 2 0 

2 2 1 . 4 4 ± 1 2 . 7 0  
+ 

8 6 . 2 1 - 4 . 4 7 

+ 2 0 6 . 8 4 - 4·5 3 . 

+ 
3 2 . 2 5 - 1 . 1 6 

+ 
3 3 . 5 7 - 3 . 1 1 

' + 4 5 . 6 7 - 2 . 1 4 
+ 

4 8 . 3 8 - 4 . 2 8 

+ 3 9 . 9 6 - 1•68 

Hemicastrates 

+ 0 . 5 0 - 0 . 0 5 
+ 0 . 4 3 - 0 . 1 8 
+ 

1 . 0 0 - 0 . 1 9 
+ 2 . 4 5 - 1 . 1 3 

+ 
1 .  0 9 - 0 .3 3  

+ 3 7 . 9 2 - l . 8 9  
+ 

4 3 . 0 6 - 1 . 2 5 
+ 

3 9 . 7 7 - 3 . 9 3 
+ 

6 3 . 7 0 - 3 . 9 0 

+ 4 6 . 1 1- 1 ·73 

f-' 
w 
1.0 



Tab le 5 . 1 0 :  Summary o f  analyses  o f  variance of  basal and tota l LH and 

testosterone data from exper iment 5 . 3  

Source of  Variation DF Variance Ratios 

LH Te sto sterone 

total ba sal total basal 

A .  Treatment 

( Contro l vs Hemicas trate ) 1 7 . 2 5 *  2 . 6 9 2 . 9 6 0 . 0 1 

B .  Age 3 

( i )  Linear 1 1 1 .  7 3 * *  4 . 2 7 *  5 . 0 8 *  4 . 4 6 *  

( i i )  Quadrat ic 1 4 . 3 4 *  0 . 5 8 0 . 2 0 2 . 0 1 

( i i i )  Cubic 1 0 . 9 6 0 . 2 6 0 . 5 8 0 . 6 3 

Interact ion 
Treatment x Age 3 0 . 9 9 0 . 9 8 0 . 9 0 0 . 0 9 

Re s idual mean square 2 4  2 9 1 . 5 8 2 8 8 . 3 8 1 2 . 6 7  4 7 6 . 3 8 

I-' 
� 
0 



l 

decl ined wi th advanc i ng sexual matura t ion , part icularly 

at 32  week s o f  age ( tab l e  5 . 9 ) . Th i s  pattern o f  changes  

wi th age  for tota l LH  responses  was  repres ented by  s ign i f ­

icant l inear ( P  < 0 . 0 1 )  and quadratic ( P  < 0 . 0 5 )  component s 

in the analy s i s  o f  variance . 

( i i )  Te stosterone 

( F igures 5 . 4 - 5 . 7  and tabl e s  5 . 9  and 5 . 1 0 )  

1 4 1 . 

Mean pre - in j e c t ion testosterone l e ve l s  we re low at  8 

and 1 6  we eks o f  age : va lues for hemicastrates were 0 . 5 0 : 
+ 0 . 0 5 ng/ml at 8 wee k s  and 0 . 4 3 - 0 . 1 8 ng/ml at 1 6  week s , whi l e  

those for entires  were 0 . 6 5: 0 . 2 9 ng/ml at  8 we eks and 
+ 0 . 5 4 - 0 . 2 4 ng/ml at  1 6  week s .  At 2 4  and 3 2  weeks o f  age 

concentrations for hemi cas trates increa sed f rom 1 . 0 0± 0 . 1 9 

to 2 . 4 5: 1 . 1 3 ng/ml , wh i l e  those for entires  increa sed f rom 
+ + 1 . 1 6 - 0 . 1 4  to 1 . 3 8 - 0 . 5 1 ng/ml . Thus in the analy s i s  o f  

var i ance the l inear component o f  the age main e f fect was 

s ign i f icant (P < 0 . 0 5 ) . Hemica stration had no e f fect on 

total testos terone re sponse s ,  however this parameter 

increased sign i f ic ant ly (P < 0 . 0 5 )  w i th age . 

( d )  Organ We igh t s  
( Tab les 5 . 1 1 and 5 . 1 2 )  

Analysis  o f  testicular  and epid idymal we ights and o f  

semini ferous tubular  diameter data , f r om organs obta ined at 

the t ime of  removal of f i r s t  teste s o f  hemicastrates and 

bil ateral castrat ion of entires , i nd i cated that these  

parameters increased l inearly with age . 

The second teste s  o f  hemica s t rate s were s igni f ic an t l y  

heavier ( P  < 0 . 0 0 1 )  than tho s e  f rom age -matched contro l 

ent i re s . Thi s compensatory increa se i n  testicular we ights 

was  much hi ghe r a t  8 and . l 6  weeks ( increases o f  4 8 6 %  and 

2 7 1 . 7 1 % , respe c t ively ) than at 2 4  and 3 2  week s  ( incre a s e s  

o f  1 1 6 . 1 6 %  and 5 6 . 6 5 % , r e spect ive l y )  o f  age . 

Epididyma l weights recorded f rom hemica strate s at  the 

time o f  remova l o f  second te stes were greater than tho s e  o f  

control entire s . However ,  thi s d i f f e rence reached stat i st ic -

a l l y  s ign i f icant leve l s  only  at 8 wee k s  ( P  < 0 . 0 5 ) . The 



Table 5 . 1 1 :  Mean (±SEM) testicular and epididyma l  we ights (g ) from hemica strate s ( HC )  and entire 
rams , and t-test value s from expe r iment 5 . 2 .  

Age (wks ) 
PARAMETER 

4 

we ight o f  1st 
testes HC + 2 . 8 3- 0 . 3 6 
We ight o f  2nd 
testes HC 
Mean we ight o f  
testes o f  entires 
Ratio o f  We ights : 
We i ght o f  2nd 
testes P.C 
Mean we ight o f  
testes of entires 
t-test values ( 1 0  DF ) t 

�'le i ght of  1st 
epididymides HC + l .  4 1- 0 . 3 9  
We i ght of 2nd 
epididymi des HC 
Mean we ight o f  
ep id idymide s  o f  
e n  tires 
Ratio of we ights : 
We ight o f  2nd 
epid idymides HC 
Mean weight of 
epid idymides of entires 
t-test value s ( 1 0  DF ) � 

8 1 2  

+ 2 0 . 4 4 - 0 . 4 2 

1 6 . 6 1± 1 .  2 3  

+ 6 . 7 0 - 0 . 3 5 

2 .48 

5 . 8 l , P < O . O O l  

+ 4 . 7 4 - 0 . 5 6 

+ 4 . 7 0 - 0 . 9 1 

+ 2 . 7 2 - 0 . 5 1 

l .  7 3  

2 . 8 2 , P < O . O S 

1 6  2 0  2 4  2 8  3 2  
TESTICULAR 

+ 4 8 . 0 8 - 3 . 2 4 + 9 5 . 9 6 - 4 . 1 8 

+ 7 5 . 9 9 - 2 . 8 9 1 0 3 . 9 3±1 . 9 9 1 5 0 . 3 3± 3 . 4 5  

3 8 . 2 5± 2 . 6 6 8 3 . 5 4 ± 3 . 3 6  1 0 6 . 5 0± 6 . 9 4 

l .  9 8  l .  2 4  1 .  4 1  

8 . 1 3 , P < 0 . 0 0 l  4 . 7 8 , P < 0 . 0 0 1  5 . 2 6 , P < 0 . 0 0 1  

E P I D I DYMAL 

a . 9 o± o . 8 4 1 5 . 6 7 ± 0 . 9 6 

+ 1 3 . 0 4 ± 1 . 1 8 + 1 0 . 9 9- 1 . 4 1 1 7 . 9 8 - 2 . 4 2 

7 . 9 8 ± 1 . 2 1 1 0  . 1 6 ± 1 . 4 4  + 1 7 . 1 4 - 1 . 0 8 

l .  3 7  l .  2 8  l .  o s  

1 .  O O , P > O .  O S  l . 3 9 , P > O . O S 0 . 4 7 , P > O . O S 
t !-test value s are for compa risons between mean weights o f  hemicastrate 2nd te stes vs  mean we ight o f  testes from entire s . 
� t-test value s are for compari son s between mean we ights o f  hemicastrate 2nd epididymide s vs mea n  we ight o f  epididymide s 

from entire s . ,_. 
.1::> 
N 



Tab l e  5 . 12 :  Mean ( �SEM )  semini ferous tubular diameter ( STD-�m)  from hemi ca strate s ( HC )  and 
entire s , and t-test va lues f rom exper iment 5 . 2  

Age (wk s )  4 8 12 1 6  2 0  2 4  2 8  
PARAMETER 

STD 1 s t  testes HC + 4 6 . 9 6- 2 . 1 3 + 8 3 . 6 2 - 5 . 3 5 1 3 2 . 8 8� 4 . 0 1 1 4 6 . 2 6� 7 . 5 9 

STD 2nd testes HC + 8 9 . 5 5 - 3 . 9 0 1 5 5 . 5 0 2: 3 . 6 0 1 6 5 . 5 02:3 . 6 0 

STD entires 
+ 5 0 . 9 7 - 0 . 6 9 l l o . 7  �4 . 1 8 1 4 0 . 2 9:3 . 8 5 

Rati o  o f  STD ' s :  

STD of  2nd testes HC l .  7 6  1 .  3 1  1 . 1 8 STD entires 

t - te s t  values (1  0 DF ) t 5 . 3 7 ,  P < O . O O l  5 . 9 2 ,  P < O . O O l  2 . 6 6 ,  P < 0 . 0 5 

t t-te st value s are for compari sons between mean STD of  second testes  o f  hemi castrate s v s  mean 
STD of  entires . 

3 2  

1 7 3 . 3 0�1 . 1 7  

1 6 0 . 1 32: 1 . 5 2 

. l .  0 8  

3 . 1 2 , P < 0 . 0 5 

f--' 
.!:>. 
w 



1 4 4 . 

compensato ry hypertrophy o f  t he rema in ing epid idymide s wa s 

max ima l at  8 weeks  ( 72 · 79- % )  and l e a s t  at 3 2  wee k s  ( 4 . 90 % ) . 
S imi l arly , hemi castrat i on i ndu ced s ign i f ic ant in cr�a s e s  

in semini f erou s tubular diame ters  a t  each age . Increases  in 

seminiferous tubular diameters a l so we re max ima l at  8 weeks 

( 75 . 6 9 % )  and minimal ( 8 . 2 2 % )  at 3 2  weeks . 

( e )  Qua l i tative Testicular  Hi sto logy 

I n  gener a l  maturational changes  could be attributed 

entirely  to age a t  castration or  hemi castration ; hemicastrat-

ion had no e f fect  in accele rat ing the init iation of sperm­

atogene s i s . The pr inc ipal qua l i tat ive hi s tolog i c a l  featur e s  

of t e s t e s  col l ected a t  e a c h  age a r e  summa ri zed be l ow . Tho se 

feature s corre sponded c l o s e ly with tho se of t e s t e s  from the 

entire and hemica strate r am s  ut i l i z ed in chapt e r  6 and 

i l l u s trated i n  photomic rogr aphs in f igures 6 . 2 9 - 6 . 3 2 .  

( i )  4 weeks  

At four weeks  o f  age s emin i ferous tubul e s  con s i sted o f  

s o l i d  s e x  cords . Support i ng ce l l s  l ined the basement 

membrane , wh i le some gonocytes and a few divid ing pro sperm­
atogon i a  wer e  pre sent in both central and eccentr i c  locations . 

Inter s t it i a l  spaces were f i l l ed with Leydig c e l l s , some o f  

whi ch contained eos inophi l ic cytop lasmi c granu l e s . 

b l a s t s  and b lood ve s se l s a l so we re identi f i e d  in the 

inter s t i t i a l  spaces . 

( i i )  8 wee k s  

Fibro-

T e s t e s  obtained by the remova l of second t e s t e s  from 

hemi c a s trate s , and by b i l ateral ca strat ion o f  ent ire s , were 

ve ry s im i l a r  in qual itative h i s tologi c a l  s tructure . Semin­

i f erous tubul ar lumina h ad not formed i n  e i ther g roup o f  

anima l s , but nuc l e i  o f  s �pport ing ce l l s  wer e  start ing to 

acqui re the shape typ i c a l  o f  adult Serto l i  c e l l s . Act ive l y  

divid ing prospermatogonia  were seen i n  both g roups and the 

maj or ity o f  these c e l l s  were l ocated c lo s e  to the basement 

memb rane . I nters t i t i a l  spa c e s  were s t i l l  packed wi th 

Leydig c e l l s , but the vo l ume o f  that t i s sue appeared r e lative­

l y  l e s s  than at four weeks . 
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( i i i ) 1 2  weeks  

At 1 2  week s  of  age mo s t  tubules  had  we l l  def ined lumina 

and germ c e l l s  we re a l l  in per ipheral po s i t ions . In mo s t  

tubu les  the germinal  ce l l  l ayer showed s igns  o f  active c e l l  

d iv i s ion . Some tubules  conta ined pr imary spermatoc ytes . 

Sertoli  c e l l s  were i n te r spaced between germ cel l s  and ce l l  

boundarie s were i l l - d e f ined . Leydig ce l l s  formed the ma j or 

part o f  t he inter s t i t i a l  spaces  wh ich now conta i ned greater 
numbers of blood ve s se l s .  

( iv )  1 6  we eks 

Testes f rom hemi c a strates and ent i r e s  conta ined l arge 

numbe r s  o f  pr imary spermatocytes which we re undergo ing 

nuclear divi s ion . Mo st s emini f erous tubules had l umina , 

but there wer e  a f ew t ubu l e s  f rom both g roup s that l acked 

lumina . In  some t ubul e s  f rom both g roups a f ew dark l y  

stained e longated spermat id s were ident i f ied . Leydig ce l l s  

were larger and contained deeply sta ined nuc l eo l i . 

( v )  2 0  weeks  

Mo st o f  the tubules  contained both early and  late 

primary spermatocyt e s . Darkly stai ned e longated spermatids  

were mo re frequent than at 1 6  we ek s , whi le some tubu l e s  a l so 

cont ained spermato zo a .  Serto l i  ce l l s  had triangu lar shaped 

nuc l e i  and pa l e  staining cytoplasm . Leydig c e l l s  were 

l arge and had deeply stain ing nucleol i .  The inter s t i t i a l  

space had a re l a t ive ly l arge number o f  blood ve s s e l s .  

( vi ) 2 4  weeks 

Testes f rom both hemica stra tes  and ent i r e s  had tubu l e s  

conta ining spermato zoa . A wide variety o f  c e l l  t ype s we re 

seen within each h i sto logical sectio n , but not all t ubu l e s  

contained a l l  c e l l  type s . Serto l i  ce l l s  had adult ce l l  

morphology , whi l e  no changes were seen in Leyd ig ce l l s .  

( v i i ) 2 8 - 3 2  wee k s  

The h i s to log i c al appearance o f  a l l  te s t i cul ar s e c t ions 

of  r am l ambs o l de r  than 2 8  weeks was s imi l ar . A l l  e l ements 

of the spermatogen ic cycle were present . Spermato zoa were 
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abundant i n  mo s t  tubul e s  and we re arranged in character i st i c  

streaming fashion , wi th tai l s  d i rec ted towards t h e  central 

lumen of  s emin i f erous tubul e s . 

4 .  D i s c u s s ion 

( a )  Longitud inal Study 

Marked f luctuations in weekly plasma LH and te stos terone 

leve l s  recorded in the long i tud ina l  study may have been 

caused by the epi sodic secret ion of these hormones such a s  

i s  d i s c us s ed o n  the next two pag e s . A maj or d e f i c i ency o f  

the longi tud i�a l  study wa s that i t  wa s based o n  only s ing l e  

weekly  plasma s ampl es , b u t  thi s wa s o f f set b y  t h e  supp l ement­

ary data from the acute s t udy and the pre-GnRH data . 

( i )  LH 

The patterns of change in p l a sma LH conc entrations 

observed in the long itud in a l  s tudy , pro f i l e  studies and 

pre- GnRH samp l ings corre sponded closely  wi th each other . 

They ind icat ed that the ma j or changes in LH c onc entrat ion s 

during sexual maturation we re : relatively low neo-nat al  LH 

leve l s  wh ich inc reased prepuberta l l y  and s ub s equent ly 

dec l i ned to low va lues i n  the po st-puberta l  period . S imilar 

gene ral  patterns of  change have be en reported by Crim and 

Geschwind ( 1 9 7 2a ), Courot et a l . ( 1 9 7 5 )  and Wi l son and 

Lapwood ( 1 9 7 9�) . Furthermo re Courot et al . ( 1 9 7 5 )  found 

that l ong i tudinal LH pro f i l e s  o f  ram lamb s we re not a f fected 

by s ea son of birth . I n  c ontr a s t  Lee et al . ( 1 9 7 6 a )  

recorded max ima l LH l eve l s  i n  Mer ino x Cor r i edale  l amb s at  

5 weeks  of  age , but al s o  obse rved peaks at 1 1  and 3 3  week s .  

However the author s indic ated that in these l ambs puber ty 

( f i r s t  appearance o f  spermato zoa i n  the teste s )  only 

o cc ur red a fter 3 0  weeks o f  age . 

The pattern o f  change s i n  pla sma LH l eve l s  corre sponded 

we l l  with data whi c h  showed that in ram l ambs p i tui tary 

LH contents and concentrat ion s increased up to approx imate l y  

1 4  week� o f  age , then tend e d  t o  decl ine t o  low leve l s  

( Sk inner e t  a l . ,  1 9 6 8 ; Courot e t  a l . ,  1 9 7 5 ) . Thu s the pos t ­

pubertal d e c l ine i n  p l a sma L H  concentrations  observed i n  
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thi s  and other stud i e s  ( Cr im and Geschwind , 1 9 7 2a ; Wil son 

and Lapwood , 1 9 7 9 a ) , may have been caused partly by reduced 

pitui tary LH secre tory capac i ty , but the concurrent increa s e s  

i n  plasma testo s te rone conc entrations almo s t  certainly . 
contr ibut ed as we l l . 

( i i ) Testosterone 

Longitudinal pattern s o f  testo sterone s ecret ion , with 

l eve l s  increas ing s im i l a r l y  to tho se observed in the present 

longitud inal , acute pro f i l e  and pre- GnRH sampl ings have 

been repo rted to occur in ram l ambs o f  various breed s : I l e-de 

France ( Courot , 1 9 7 4 ; Co tta et al . ,  1 9 7 5 ) , Mer ino x Corrie­

dale ( Le e  et al . , 1 9 7 6�)  and Romney (Wi l son and Lapwood ,  

1 9 7 9 a )  . Dur ing this  period testicular androgen content 

incre a s e s  ( Skinne r  et a l . ,  1 9 6 8 ) , undoubted l y  a s  a result  

o f  testicular growth as  we l l  a s  increases i n  Leydig c e l l  

numbe r s  ( Saps ford , 1 9 6 2 )  a nd Leyd ig c e l l  receptor act ivity 

( Odel l and Swerdlo f f ,  1 9 7 6 ) . 

( b )  Pul satile  Hormone Secretion 

( i )  LH 

Frequent blood s ampl ing at each age , wh i ch gave c l ear 

evidence o f  pul s a t i l e  LH s e cretion , con f i rmed observat ions 

made previously for ram l ambs (Foster et a l . ,  1 9 7 8 ;  

Savo ie e t  al . ,  1 9 7 9 ; W i l son and Lapwood , 1 9 7 9 a ) . Foster 

et -al . ( 1 9 7 8 )  and Savoie e t  a l . ( 1 9 7 9 ) a l so demon strated 

that pul s atile  secret ion of LH wa s detectab l e  within one 

week a fter birth , s o  it wa s not s urpr i s ing that this type 

of secretion wa s evident at  the sampl ing 4 weeks a fter b i rt h . 

Epi sodi c  LH secret ion a l s o  was detected at each samp l i ng o f  

hemicastrates and b i l ateral c a strate s . F l uc tuations in 

plasma LH leve l s  i n  c a s trates wer e  of grea ter magn i tude 

than tho s e  f rom t he o ther two group s , but t here was no 

e f fect o f  treatment on the number of peaks recorded . 

Wa lton e t  al . ( 1 9 7 8 ; 1 9 8 0 )  recorded s imi l a r  results  for  

hemi c a s trates and entires  but did not  inc l ude castrate s . 

However ,  pu l sat i le var iat ions in p l a sma LH l eve l s  o f  

wether s  have been reported previo u s l y  (Ri g g s  and Malven , 

1 9 7 4 ) . S imilar l y , in a s tudy with young b ul l s , Hayne s 
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et a l . ( 1 9 7 6 ) d id not obse rve any s ign i f i c ant e f fect o f  

hemi c a stration o n  frequency o f  LH peak s , n o r  o n  peak height s . 

( i i )  Te stosterone 

Hemi castrat ion did not have any s ign i f icant e f fect on 

the magn itude or  f requency o f  te s to s terone peaks when 

compared with tho se reco rded from entire s . However , in 

hemi c a strated bul l s  a s igni f i c ant reduction in peak pla sma 

testo sterone l eve l s , and in numbers o f  pea k s , wa s reported 

by Hayne s et a l . ( 1 97 6 ) . The author s  conc l uded that the 

testo s terone pe a k s  appeared more regu l arly in hemi cas trates 

and that thi s may h ave been due to l ack of synchrony in 

the s ecretion o f  te stosterone f rom two te s te s , ra the r than 

the one of  hemic a s trate s .  

( i i i ) LH/testo s t er one inte rre lation ships 

I n  the p re s ent study many LH peak s no t ed prior to 8 

we eks o f  age were not fol lowed by t e s tos terone secret ion . 

However , that d i sparity d i s appeared i n  sub sequent s ampl i ng s . 

Likewi se Wi l son and Lapwood ( 1 9 7 9�) observed con s i stent 

1 : 1  re lation ships between LH and t e s to sterone peaks at 

14 and 2 2  week s , but not at  6 weeks  o f  age . Savoie et a l . 

( 1 9 7 9 )  ob served many LH peaks whi ch were not f o l l owed by 

testo s terone e l evations at 8 weeks  o f  age but d id not 

samp l e  older animal s .  

( c )  E f f ects o f  Hemica strat ion 

( i )  LH 

As indicated in the introduct ion to t h i s  chapter 

previou s ly r eported chang e s  i n  pl a sma LH c on centra t ions 

fol lowing hemic a s tration of ram l amb s have been incon s i s tent . 

For examp l e , a s  noted i n  the current exper iment , Wa l ton 

et a l . ( 1 9 7 8 ; 1 9 8 0 )  found no s igni f i cant increase i n  LH 

leve l s  fol lowing hemica s t r ation , but Riesen et al . ( 1 9 7 7 ) 

observed a dec l i ne in LH l evels  i n  hemi ca strate s , a l though 

the d i f fe rence wa s not s ig n i f icant . Conve r s e l y  Land and 

Carr ( 1 9 7 5 )  and de  Rev i e r s  et al . ( 1 9 8 0 )  r e g i s tered incr e a s e s  

in p l a sma L H  ( an d  F SH ) l evels  a ft e r  this treatment . 

Clar i f ication o f  the e f f e c t s  o f  thi s treatment in rams 

probab ly requ i re s inve s t igation o f  the in f l uences o f  such 

expe r imental cond i t ions a nd proced ur e s  a s  b reed of rams , 



age , pos t-operat ive period and seasons . The u se o f  

hormone secret ion s t imu l a tion and inhibi t ion t e st s , such 

as in exper iment 5 . 3 ,  may a l so be helpfu l . 
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I n  adu l t  rams increa s e s  i n  pla sma LH leve l s  have been 

recorded f rom anima l s  hemi c a s t rated in spring as we l l  a s  

autumn ( Hochereau-de Rev i e r s  and Pel letier , 1 9 7 1 ;  Hochere au­

de Rev iers e t  al . ,  1 9 7 6 ) . In  contrast Barr e l l , G . K .  ( 1 9 8 0 ,  

pe r s . c omm . ) d id no t ob s e rve any e levation o f  LH leve l s  in 

adu l t  r ams hemicas trated in autumn . 

( i i ) Te s to s t e rone 

S i nce there was no s igni f i cant d i f ference between hemi ­

castrates and entires  i n  mean p l a sma testos terone l eve l s  

in the present study , i t  c a n  be concluded that the remain ing 

te s t e s  of hemicastrate s produced more testos te rone than 

each s i ngle t e s t i s  of intact rams . S imi l ar evidence o f  

compens atory androgen hype r secret ion by the remain i ng t e s t e s  

of  hemi ca strat ed ram l amb s has been noted by Wa l ton et a l . 

( 1 9 7 8 ) , whi l e  Johnson e t  a l .  ( 1 9 7 1 )  recorded t h i s  e f fect in 

adu l t  rams . 

( d )  E f f ects  o f  B i lateral  C a s tr a t ion 

( i )  LH 

Substant i a l  incre a s e s  i n  plasma LH leve l s  were recorded 

at each of t he pro f i l e  s amp l ings performed at  1 0 , 1 8 , 2 6  

and 3 4  weeks o f  age , 2 wee k s  fol lowing bilateral  castrat ion s . 

That r e sult confirmed that t he ste ro id neg at ive feedback 

system a l ready wa s operat ive by 1 0  weeks o f  age . In fact 

Foster e t  al . ( 1 9 7 2� s howed that this feedback sys tem wa s 

oper at ive in r am l ambs a s  early a s  2 weeks o f  age . 

F rom pl a sma LH leve l s  r ecorded fo l lowing b i l ateral  

ca strations i n  the  pre sent experiment it became c l e ar that 

there was a d i f ferent i a l  e f f ect o f  age at ca strat ion on LH 

rebound r e spon s e s . Anima l s  f rom hemi castrate as we l l  a s  

entire group s  s howed higher LH r e s ponses  f o l lowing c a stration 

at 1 0  and 1 8  weeks compared to 2 6  and 34  week s . S imi lar 

d i f ferential  e f fects  of  age on p l a sma LH rebound fol l owing 



castration o f  ram lamb s have been reported by Crim and 

Ge schwind ( 1 9 7 2a) and P e l l e t i e r  et a l . ( 1 9 7 7 ) . Al though 
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the reasons for these decrea s e s  with age in LH r ebound 

re spon s e s  were obscure , P e l l e tier et a l . ( 1 9 7 7 )  hypoth­

e s i sed that some e l ements of the testicular tubu l e s  se creted 

a facto r , which i n  syne rgy or  not w i th testos terone , 

induced u l t imate maturation o f  the hypothal amo-hypophyseal 

sys tem ; l a ck o f  this  sub s tance in younger anima l s  cau sed 

much greater LH rebound a fter c a stration . Other fa ctor s 

which may have contr ibuted we r e  the decre a s e s  in basal  LH 

level s ,  and a l so in pitui tary LH content and concentrat ion 

which have been r eported to occur dur ing the course o f  

sexual mat uration i n  ram l amb s ( Courot e t  a l . ,  1 9 7 5 ) . 

( e )  Hormonal Re spon ses  to GnRH : E f fects o f  Hemicastrat ion 

( i )  LH 

GnRH admin i s trat ion causes  pituitary LH r e l e a s e  

fol lowed by test icular androgen secretion i n  young ( Savo ie 

et al . ,  1 9 7 9 ; Wi l s on and Lapwood ,  l 9 7 9 b )  and adult rams 

( Hopkin son et al . ,  1 9 7 4 ; G a l l oway and Pelletier , 1 9 7 5 ; 

Pel letie r , 1 9 7 6 ;  W i l son and Lapwood ,  1 9 7 8�) . Typical 

gonadotrophic and androgenic se cretory respo n s e s  a lway s 

fol lowed r e l ea s ing ho rmone inj ectio n  into ent i re r am lamb s 

in expe r iment 5 . 3 .  

Hem i c a s tration s ign i f icant l y  increased the tota l 

pituitary LH secretory respon s e s  to GnRH inj ect ion , thu s 

con firming a non - s ign i f ic ant t rend observed in the only 

s imilar pub l i shed work with hemicastrated r am l amb s (Wa l to n  

et a l . , 1 9 8 0 ) . The reasons for  such e f fec t s  o n  LH re spon s e s  

were not c l ear : s imilar mean p l asma LH concentrations were 

recorded i n  the immed iate l y  preceding pro f i l e  s t udy and 

there wa s no d i f f e r ence between androgen l eve l s  o f  ent ire s  

and hemi c a s trates i n  either t h e  prof i l e  or GnRH experiment s .  

The decrea s e s  with age i n  tota l LH r e sponse s noted in the 

pre sent s t udy corre sponded wel l  with r e sul t s  o f  s imilar 

previous r e s e arch (Wi l son and Lapwood ,  1 9 7 9 b )  . 



( i i )  Testo sterone 

The tot a l  te stosterone responses  recorded from hem i ­

ca strates a n d  e n t i r e s  were no t s igni f ic antly d i f ferent f rom 

each other . That resu l t  confirmed the concept that the 

rema i ning testes  o f  hemica stra tes  were capabl e of secret ing 

a s  much androgens as both testes o f  entire s . Total 

testos terone r e sponses  increa sed w i th age i n  both group s o f  

anima l s  a s  has been observed i n  earlier  exper iments with ram 

lambs ( Lee et a l . ,  l 9 7 6b ;  Wil son and Lapwood , 1 9 7 9b ) . 

However , no such data ha s been publ i s hed f rom hemi ca strated 

ram l ambs . 

( f )  Te sticular and Epi didyma l We ights 

Compensatory testicular hypertr ophy , such a s  that 

obs erved in the pre sent exper iment , ha s been r ecorded in 

s imi l ar research with young rams ( Renfro and Dutt , 1 9 7 0 ;  

Land and Carr , 1 9 7 5 ; Ri e s en et al . ,  1 9 7 7 ; Wa lton et a l . ,  

1 9 7 8 ; de Revie r s  et al . ,  1 9 8 0 )  a s  we l l  a s  with adul t s  

(Voglmayr and Ma ttner , 1 9 6 8 ; Hochereau-de Reviers  and 
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P e l l etier , 1 9 7 1 ; Sk inner , 1 9 7 1£) . Hochereau-de Revi ers  e t  a l . 

( 1 9 7 6 )  a l so demon strated that i n  adult rams hemi castration 

in spr i ng induc ed immed i ate testicul ar hype rtrophy during 

that s ea son ; s imi l ar treatment i n  a utumn caused hypertrophy 

only a fter a de lay of s i x  months ( i . e .  the fo l lowing spr i ng ) . 

Also a fter autumna l  hemica s trat ion the weight o f  rema i ning 

testes  wa s ma i n ta ined : hemica strat ion counterac ted t he 

norma l seasonal t e s t icular regr e s s ion . 

Re lative hypertrophy o f  the r ema ining t e st i s  f o l lowing 

herni ca s tration has be en r eported to decrea s e  wi th age . 

Thi s  concept h a s  been demonstrated i n  ser ial hemica stra t i on 
exper iment s wi th rats ( Cunningham e t  a l . ,  1 9 7 8 ;  Putra and 

Blackshaw , 1 9 8 0 )  and cockere l s  (de Reviers et a l . ,  1 9 8 0 ) . 

However , no comp arabl e s e r i a l  hemic a s tration s tudie s on ram 
lambs appear to have been pub l i s hed . Neverthe l es s , hemi ca s t ­

ration per formed a t  d i f f e rent ages i n  the present exper iment 
wa s f o l lowed by compensatory hyper trophy of the r ema ining 

testes . 



Whether the c ompen sato ry hypertrophy wa s attr ibutab l e  

more to incr e a s e s  i n  tubular o r  per itubular testicu l ar 

components was not a s se s sed in this  exper iment . However ,  the 

incr eases in s emini ferou s tubul a r  d i ameters which we re 

recorded at a l l  ages gave some measure of the i r  hypertrophy . 

Thi s i s  in agre ement with observations made by Wa lton e t  a l . 

( 1 9 8 0 ) , but Rie sen et a l . ( 1 9 7 7 ) did  not observe any 

s ign i f i cant change in tubu lar d i ameters  fol lowing uni latera l  

cast rat ion . I n  adul t anima l s  s im i l ar disc repanc i e s  in 
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results appear i n  the l i ter ature . For example  Vog lmayr a nd 

Mattner ( 1 9 6 8 )  and Sk inner ( 1 9 7 �  obs erved signi f i cant 

increases in s emini ferou s tubu l a r  d i ame ters a fter hemi c a strat­

ion , wh i l e Hoc hereau-de Rev iers e t  a l . ( 1 9 7 6 )  did not 

obs e rve any such change in e i ther autumn or  spr ing born adult 

rams , but ins tead not i ced sign i f ic ant incre ases  i n  tubu l ar 

l ength . 

Al though c ompen satory hyper trophy o f  epididymide s wa s 

noted at a l l  s ampl i ng ages o f  the pre sent experiment the 

d i f f erence reached s ign i f i cant leve l s  only at 8 wee k s  o f  age . 

S ince the mean pl a sma androgen concentrations o f  hemi c a s trates  

and entires were  no t s igni f i cantly d i ff erent , the compen­

satory hypertrophy of t he epididymi de s can not be exp l a i ned 

in terms of peripheral  te s to sterone c oncentration s , but may 

have resulted from an increased loc a l  androgen s t imu lat ion 

a s  d i s c u s sed i n  Chapter IV ( P age 1 1 7 ) o f  this  the s i s . 

S imi lar hyper t rophy o f  epididymides fol lowing hemica s trat ion 

o f  ram l amb s has been r eported p reviously by Rie sen e t  a l . 

( 1 9 7 7 ) . 

( g )  Qualitat ive Te st icular Histo l ogy 

Apart f rom increases  in semini ferous tubular d i ameter s ,  

no other histological  feature o f  the testes showed any c h ange 

due to the e f f e c t s  o f  hemi castrat i on . Al l qua l i tative 

changes not iced in the s emin i f e rous tubu l e s  were age - r e l ated . 

S imi larly Wal to n  e t  a l . ( 1 9 8 0 )  d id not repo rt any e f fec t s  

o f  hemicastrat ion o n  spermatogenic  c e l lular componen t s  o f  

the testes i n  spri ng born lamb s treated a t  1 week o f  age . 

However , in spr ing and autumn born I le -de France l ambs 



hemi castration induc ed incre ases  in total n umber o f  round 

spermat i d s  produced/t e s t i s/day , and in total  numbers o f  

Serto l i  c e l l s  (de-Revi ers  e t  al . ,  1 9 8 0 ) . S imilar  c hange s 

i n  total number o f  spermat ids  in hemi ca strated c alve s we re 

dete cted by Barne s e t  a l . ( 1 9 8 0 �) . 

One probab le rea son for thi s apparent d ivergence in 

results  wa s the variab l e  amount o f  t ime wh i c h  d i f ferent 

authors have al lowed to e l ap s e  between hemicas tration and 

recovery o f  the second teste s . Since Wa l ton e t  al . ( 1 9 8 0 )  

d i d  not observe any marked changes i n  c e l l u l ar compo s it ion 

i n  hemi c a s trate testes , even al lowing 9 to 1 7  weeks be fore 

re covery o f  the rema ining org ans , i t  wa s not s urpr i s ing 
t hat no c hanges were detected in the pre sent study in wh ich 

the time l apse wa s only 4 week s .  Neverthe l e s s  in none o f  

the above c i ted repo r t s  o n  r e search with immature anima l s  

were the r e  any s ign s o f  accel erated initia t i on o f  spermat ­

ogene s i s  a s  a consequence o f  hemi cas trat ion . Th i s  topic i s  

d i s cus sed i n  chapters 6 and 7 .  

1 5 3 . 

In  contrast with the r e sults  i n  immature anima l s , 

increase s in e f f i c i ency o f  s permatogene s i s  have been reported 

i n  adult  r ams hemicast rated i n  spr ing o r  i n  autumn ( Hochereau­

de Revie r s  et al . ,  1 9 7 6 ) . The changes incl uded : ( i )  increa s e s  

i n  number o f  spermatogoni a , and ( i i ) i ncrea s e s  i n  daily 

production of round spermatids/te s t i s . Simi lar  change s in 
the spermatogonia have been repor ted fo l lowing hemi castration 

of adult  bul l s  ( Johnson , 1 9 7 8 ) . 

Increases  in intertubu l a r  ti ssue vo lume fol lowing 

hemi castration have been obs erved during the breed ing and 

non-breeding seasons in r ams , but the r e lat ive increase in 

i ntertubular vo lume wa s i n s u f f ic ient to counte ract the 

tubu lar regre s s ion whi ch no rma l ly occurs dur ing the non­

breeding s ea son ( Ho chereau-de Reviers  et a l . ,  1 9 7 6 ) . 

Re s u l t s  o f  the expe r imen t s  desc r ibed i n  this chapter 

indicated that compensato ry testicular hypertrophy fol lowed 

hemicastra t ion in r am l amb s , but did not induce any 



accelera tion in init iation o f  spermatogene s i s . There was 

no con s i s tent i ncre ase in LH secret ion dur i ng this per iod 

of compensatory hype rt rophy . Whether the increase 1n 

we igh�s of the r emain ing t e s t e s  resulted f rom loca l 

increa s e s  in androgen conc entrat ion s , or f rom increased F S H  

secretion was not inve s t igated , however ,  the second 

po ssibi l ity wa s examined in exper iments de s c r ibed in 

chapter VI of th i s  thes i s . However , at the t ime chapt er 5 

experiments were d e s igned there wa s no acce s s  to as says to 

mea sure plasma FSH or  pro l ac t in . 
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CHAPTER VI 

EFFECTS OF HEMI CASTRATION AND CRYPTORCH I D I SM 

ON HORMONE SECRET ION PATTERN S  IN MALE LAMBS 

1 .  Introduc tion 

Hemi cas trat ion and i nduced crypto rchid i sm are accepted 

techn iques for  study ing the hypothalamo-pituitary-te st icul ar 

ax i s . Change s in reprodu ct ive organ and endocr ine par ameters  

resulting f rom hemicastrat ion o f  boar s and rams have been 

d i s cu s s e d  in Chapters IV and V of thi s  the s i s . However , 

compa rable data on gonadotroph in leve l s  in cryptorchid rams 

has been rather incon s i s tent . Thu s in this spe c i e s  crypt­

orch i d i sm ha s been fo und to cause elevations i n  blood 

concentrations of LH ( H i l l a rd and Bindon , 1 9 7 5 ) , FSH ( Blanc 

and Terqui , 1 9 7 6 ) and bo th FSH and LH ( Schanba cher and Ford , 

1 9 7 7 ) . In contrast Lee et a l  ( 1 9 7 8 )  did  no t detect any 

change in gonadot rophin l eve l s  o f  cryptorchid ram l amb s pr ior 

to 1 3  months o f  age . S ub s equently plasma FSH , but not LH 
concentr ations  increased in the se animal s .  B i l a teral 

cryptorchid i sm in bul l s  has  been repo rted to be  a s soci ated 

with e l evate d  pla sma LH and FSH l eve l s  ( Schanbacher , 1 9 7 8 ; 

1 9 7 9 a ) . 
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Androgen leve l s  recorded from cryptorchid ram lambs we re 

no t s ig n i f i c an t ly d i f ferent f rom those o f  age -matched enti re s 

( P e l l e t i e r  e t  a l . , 1 9 7 7 ;  Lee e t  a l . ,  1 9 7 8 ) . S imilar re sul t s  

have a l s o  be en reported f rom adul t rams ( Schanba cher and Ford , 
1 9 7 7 ) . 

GnRH admi n i s tration cau s e s  e l evation o f  p l asma LH , FSH  

and testosterone content i n  ram l amb s (Galloway and  P e l l e t i e r , 
1 9 7 4 ;  Lee et a l . ,  1 9 7 6b ;  W i l son and Lapwood , 1 9 7 9 b ) . However , 

there i s  only one such report  f rom hemica strated ram l ambs : 

no s i g n i f icant d i f ference s  were found in the gonadotroph i c  

respo n s e s  o f  h emicastrates and ent ires (Walton e t  a l . ,  1 9 8 0 ) . 

On the o ther hand GnRH i n j e c t io n  i nto c ryptorchid rams 

resul ted in exaggerated gonadotrophi c re spon s e s  ( Le e  et al . ,  



1 9 7 9 ; 1 9 8 0 )  accompanied by s ubno rmal test icular androgen 

secret ion ( Lee et  al . ,  1 9 8 0 ; S chanbacher , l 9 8 0a ) . 

The pre sent exper iments were des ign ed to examine the 

e f f e c t s  o f  i nduced cryptorchi d i sm and hemi castration on 

longitudina l and acute hormonal secretory patterns in ram 

lambs , from 4 to 32 weeks  of age . The hemica strat ion 

treatment wa s d i f ferent from that used in exper iments 5 . 2  

and 5 . 3 in wh ich surgery wa s per formed a t  varying ag e s , 

with a con s t ant 2 week pos t-operat ive sampl ing period ; for 

these expe r imen ts surgery was pe r formed a t  2 weeks of  age 

wh i l e  the ages of samp l ing varied . The e f fe c t s  o f  the s e  

surg ical  treatments o n  t h e  pitui tary-te s t i cu l ar ax i s  were 

further examined by e l ic i ting GnRH re spon s e s  at four 

d i f f e rent age s . Organ we ight s and testicular h i s to l og i cal  
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data o f  the s e  anima l s  were compared with those f rom ent ire s , 

in orde r to help elucidate the phy s iologic a l  mechani sms 

respon s ible  for any endo c rine change s .  

2 .  Material s and Methods 

( a )  An imal s and Surgi cal Treatmen ts ( Expe r imen ts 6 . 1 ,  6 . 2  

and 6 . 3 ) 

For ty e i ght ram l amb s were ident i fied ind ivi dua l ly then 

al located randomly to group s designated A ,  B and C .  

Anima l s  in group A were maintained a s  ent ire s , whi l e  those 

in groups B and C were rendered hemica s trat e  and cryptorchid , 

re spe ctively , at two weeks  o f  age using s urgical  methods 

de s c r ibed in chapter I I  o f  this t h e s i s .  

( b )  Longitudinal Hormone Prof i l e s  (Exper ime nt 6 . 1 ) 

Two blood s amples co l l ected 3 0  min apart were obtained 

from 6 anima l s  randomly s e lected f rom each group eve ry 

second Monday . S ampl ing wa s conducted between 4 and 3 2  

weeks o f  age and commenced a t  0 9 . 0 0  h r  on each occas ion . 

LH , F S H , pro l a c t i n  and t e s t o sterone e st imat ions  were 

per fo rmed on a l l  plasma s ampl e s .  

( c )  Acute Hormone Secret ion Study (Experiment 6 . 2 )  

S ix anima l s  f rom each group were randomly s e l e cted for 

sampl ing at 8 ,  1 6 , 24  and 32  weeks  of  age . B l ood s ample s 



were obta ined a t  � hr interva l s  for 4 hr , commencing at  

0 9 . 0 0 hr . Again LH , FSH , pro l act in and t e s tosterone l eve l s  

were determined for a l l  plasma samp l e s . 

( d )  Re sponse s to GnRH or  Te stosterone P ropionate ( TP )  and 

GnRH ( Expe riment 6 . 3 ) 

Thi s study was conducted on the day a fter each o f  the 

acute pro f i l e  s ampl ing s o f  experiment 6 . 2 .  The s ix anima l s  
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from e ach ma j or treatment grou·p wh ich we re subj ected to 

acute pro f i l e  study at each age were ut i l i z ed in the pre s ent 

study . The expe r iment a l  protocol was : 

GnRH . TP Group : 
( n= 3 )  

/ 
6 an ima l s  from 
each t reatment 
group 

GnRH Group : 
( n= 3 )  

P retreated with testost­
erone propionate 
( do s e  1 mg/kg ) approx ima tely  
16  hr be fore GnRH . 

The se an imal s  were 
i n j ected with GnRH only . 

TP  pretre atment con s i sted o f  intramu s c u l ar inj ection o f  

testo s terone propionate i n  ethyl ole ate ( ' V i rormone ' ,  Paines  

and Byrne Ltd , U . K . ) . 

GnRH was inj ec ted at a do se rate o f  0 . 5  � g/kg body 

weight and the requi red do se was d i s so lved in 5 . 0  ml o f  

acid i f i ed ( 0 . 0 1  M acetic a c id ) 0 . 9 % s a l ine and admini stered 

via j ugular venepunc ture , a s  a s ingle rapid inj ec t ion . 

Two blood samp l e s , c o l l ected � hour apart , were obta ined 

before GnRH in j e ct ion , whi l e  further samp l e s  were obt a ined 

1 5 , 3 0 , 4 5 ,  6 0 ,  9 0 ,  12 0 ,  1 8 0  and 2 4 0  min po st-inj ection . 

All  p l a sma samp l e s  were a s sayed for LH , FSH  and te sto sterone 
concentrations . 

( e )  O rgan We ight s  a nd Qua l itat ive H i stol ogy 

The animal s sub j ected to the GnRH . TP treatment at each 

age i n  experiment 6 . 3  were s ac r i f i ced i n  order to obtain data 

on the e f fects o f  the s u rg i cal treatment s  on t e st icular and 



epidi dymal devel opment . Te st icular  samp l e s  were taken for 

h i s to logical proce s s ing then e s t imat ion of seminiferous 

tubul a r  diameters  and qua l i tat ive hi stolog i c a l  examinat ion . 

( f )  Statistical  Analys e s  

1 5 8 . 

Al l hormonal d ata were ana lysed by analyse s o f  var i ance . 

Hormone data f rom exper iment 6 . 1  were ana lysed only up to 
3 0  week s , bec ause o f  the reduct ion in number o f  anima l s  

there a f ter . Te s to s terone re spon se data from TP treated 

anima l s  were not inc luded in the analy s i s  of results  f rom 

exper iment 6 . 3 .  

B e tween-group d i f ference s in numbe rs o f  ho rmonal peaks  

ln exper iment 6 . 2  were tested for s ignif icance by Chi - square 

analys i s . Te sticular  we ights , epid idyma l we ight s and 

seminif erous tubu lar  diameter data from hemi castrates and 

cryptor chids , at 8 ,  1 6 ,  2 4 ,  3 2  we eks o f  age , were compa red 

with s imi lar data obt a ined from ag e -matched control s u s i ng 

Student ' s  t- tes t s . 

3 .  Re sults 

( a )  Longi tudinal St udy ( Exper iment 6 . 1 ) 

( i )  LH 

( F igure 6 . 1  and t abl e s  6 . 1  and 6 . 5 ) 

I n  the long itudinal s tudy the overa l l  mean plasma LH 
+ l evel r ecorded f rom entires wa s 1 . 0 0 - 0 . 1 9 ng/ml , but 

concent rations over 2 ng/ml we re noted at 6 and 1 8  week s . 

LH leve l s  tended to decrease from 1 8  weeks o f  age reaching 
+ 

0 . 3 2 - 0 . 0 4 ng/ml at  3 2  weeks . A s imilar ove r a l l  mean pla sma 

LH l evel wa s noted for hemi cas trates + ( 1 . 0 4 - 0 . 1 3 ng/ml ) .  
Howeve r , fortnightly mean plasma LH values f requently wer e  

hi gher than l ng/m l . The l eve l s  general ly tended to decrease 

f rom 24  weeks o f  age a nd a pla sma conc entrat ion o f  0 . 6 0� 0 . 2 6 

ng/ml wa s recorded at 3 2  week s . I n  contra s t  a much h i gher 

overa l l  mean plasma LH concentrat ion wa s recorded from 

c ryptorchid ram l ambs ( 6 . 1 1� 0 . 7 8 ng/ml ) and fortnightly LH 

concentrat ions tended to increa s e  throughout the study , 
r eaching a max ima l va lue o f  1 1 . 0 8± 4 . 6 4 ng/ml at  2 8  week s . 
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Table 6 . 1 :  Mean ( ±sEM ) fortn ightly plasma LH leve l s  ( ng/ml ) for lamb s 

in expe riment 6 . 1  

Age En t i res  
(weeks ) 

4 
+ 

0 . 8 1 - 0 . 3 3 

6 
+ 2 . 2 9 - 1 . 5 7 

8 
+ 

1 . 9 8 - 0 . 5 4 

1 0  
+ 

0 . 9 7 - 0 . 3 7 

1 2  
+ 0 . 5 2 - 0 . 1 3 

1 4  
+ 

1 . 0 4 - 0 . 6 2 

. 1 6 
+ 

0 . 7 9 - 0 . 3 2 
/ + 

1 8  2 . 6 9 - 1 . 1 5 

2 0  
+ 

0 . 6 0 - 0 . 2 0 

2 2  
+ 

0 . 6 0 - 0 . 2 9 

2 4  
+ 0 . 9 3 - 0 . 2 7 

2 6  
+ 0 . 7 1 - 0 . 2 3 

2 8  
+ 0 . 4 1- 0 . 1 0 

3 0  
+ 

0 . 3 9 - 0 . 1 5 
+ 

3 2  0 . 3 2 - 0 . 0 4 

Hemica strate s 

+ 
1 .  9 1 - 0 . 7 9  

+ 1 .  2 2 - 1 . 6 9  
+ 1 . 1 6 - 0 . 5 0 
+ 1 . 4 4 - 0 . 5 6 
+ 

0 . 4 5 - 0 . 1 5 
+ 

0 . 8 9 - 0 . 2 2 
+ 

1 .  0 8 - 0 . 5 3  
+ 2 . 1 8 - 0 . 6 4  
+ 0 . 8 2 - 0 . 1 9 
+ 

0 . 3 1 - 0 . 1 4 
+ 1 . 1 5 - 0 . 6 5 
+ 1 . 0 4 - 0 . 3 1 
+ 0 . 5 4 - 0 . 1 8 
+ 

0 . 9 1 - 0 . 2 3 
+ 0 . 6 0 - 0 . 2 6  

Cryptorchids 

+ 2 . 8 1 - 1 . 1 3 
+ 2 . 4 3 - 0 . 5 6 
+ 4 . 9 7 - 1 . 2 7 
+ 6 . 6 4 - 1 . 6 0 
+ 

2 . 7 5 - 0 . 5 2 
+ 

3 . 7 8 - 1 . 3 0 
+ 

3 .  8 2 - l . 2 6  
+ 

6 . 4 1 - 1 . 5 9 
+ 

4 . 0 8 - 1 . 0 0 
+ 4 . 9 1 - 2 . 5 1 
+ 7 . 5 3 - 1 . 6 0 
+ 9 . 5 4 - 2 . 6 6 
+ 

1 1 . 0 8 - 4 . 6 4 
+ 

1 0 . 4 3 - 2 . 5 3 
+ 1 0 . 4 5 - 2 . 0 5 

f-' 
0'\ 
0 



I n the ana l y s i s  o f  var iance o f  hormone concentra tions 

it  was evident that cryptorchid i sm ,  but not hemica strat ion , 

resul ted in a s i gn i f icant ( P < 0 . 0 01 )  e l evat ion o f  plasma LH 

leve l s . Over a l l  mean pla sma LH l eve l s  i ncreased l inearly 

with age ( P < 0 . 0 1 ) , however , this increase wa s caused 

entirely by the mark ed increase in plasma LH va lues recor ded 

1 6 1 . 

f rom cryptorchid ram lambs . Thus the entire and hemicas trate 

vs  cryptorchid x l inear component o f  the treatments x age 

interac tion wa s high ly s i g n i f ic ant ( P < 0 . 0 1 ) . 

( i i )  FSH 

( F i gure 6 . 2 ,  tabl e s  6 . 2  and 6 . 5 ) 

P l a sma FSH l ev e l s  r ec orded from entires  and hemica strate s 

showed no d i s tinct pattern o f  change during the exper iment . 
I n contras� cryptorchids  had a muc h higher overa l l  mean 

+ pla sma FSH l eve l ( 2 8 6 . 3 0 - 4 0 . 7 9 ng/ml ) and va lues  tended to 

incre a s e  throughout the per iod of s tudy f rom 1 2 4 . 0 0± 1 0 . 4 6 
+ ng/ml a t  4 week s to a peak o f  5 4 2 . 3 1 - 1 0 4 . 8 3 ng/ml at 2 8  week s. 

Fortnightly mean pla sma FSH leve l s  o f  hemica strates  

o f ten were higher than tho s e  recorded f rom entires , thi s 

e f fect be ing mo s t  marked at the f i r s t  two samp l ing s ; however , 

the over a l l  d i f ferenc e between results  for the se two groups 

( 7 2 . 3 8� 6 . 9 7 vs  5 7 . 9 9� 4 . 2 1 ng/ml ) j u st  failed to reach 
s ign i f i cance (F ( 1 , 2 1 0  = 3 . 8 0 ,  0 . 0 5 <  P <  0 . 1 0 ) . Further 

analys i s  u s ing S tudent ' s  t -tests  conf irmed that at 4 and 6 

weeks o f  age FSH leve l s  r eco rded from hemi c a s trates were 

s ign i f i c antly higher than tho se f rom entire s (at 4 weeks 

t ( l O )  = 5 . 3 8 ,  P < 0 . 0 0 1 , and a t  6 wee k s  !. ( l o ) = 3 . 7 3 ,  P < 0 . 0 1 ) . 

I n  contras� throughout the exper iment FSH l eve l s  recorded 

f rom cryptorchids were great ly (P < 0 . 0 0 1 )  e l eva ted compared 

to r e s u l t s  from the o the r two groups . 

In  the ana lys i s  o f ,  var i ance the l inear ( P  < 0 . 0 0 1 )  and 

quadratic  ( P < 0 . 0 1 )  components of  the age ma i n  e f fect for 

p l a sma FSH  l eve l s  wer e  s ig n i f i cant . The se e f fe c t s  were 

attr ibutabl e  ma inly to the very s ubs tant i a l  i n crease  i n  

p l a sma FSH  leve l s  recorded f r om cryptor chid s .  That change 

i n  cryptorchid FSH val ue s a l so was respons ibl e for  the 

s ign i f icant entire and h emi c a s trate v s  c ryptorchid x l i near 
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Table 6 . 2 :  Mean ( ±SEM ) fortnightly plasma FSH leve l s  (ng/ml ) for lambs 

in exper iment 6 . 1  

Age En tires Hemic as trates 
(weeks ) 

4 
+ 8 0 . 5 7 - 3 . 5 3 1 3 4 . 4 3± 2 . 8 7 

6 + 7 7 . 9 3 - 4 . 0 0 1 1 6 . 4 12: 2 . 4 3 

8 6 2 . 9 1± 1 3 . 5 2 
+ 7 9 . 8 9 - 9 . 0 9 

1 0  7 7 . 3 9± 11 . 4 2 8 6 . 4 02: 1 1 . 8 4 

1 2  + 4 1 . 6 2 - 6 . 0 6 6 8 . 2 82: 1 3 . 6 2 

1 4  3 4 . 8 72: 1 4 . 7 9 3 4 . 3 02: 1 2 . 1 2  

1 6  + 4 4 . 6 4 - 8 . 5 9 9 5 . 3 2± 2 0 . 7 4 

1 8  6 7 . 4 1± 1 4 . 9 4  
+ 

6 3 . 9 2 - 9 . 4 0  

2 0  
+ 5 9 . 9 8 - 8 . 6 3 6 1 .  6 9± 1 0 . 0 4  
+ + 

2 2  4 0 . 9 9 - 2 . 2 7 5 8 . 6 5 - 9 . 7 6 

2 4  8 0 . 9 9± 1 2 . 8 8 7 4 . 5 02: 1 8 . 2 0 

2 6  5 7 . 8 2± 1 0 . 4 8 5 2 . 8 7± 1 1 . 5 3 

2 8  5 9 . 0 0± 1 5 . 5 3 6 7 . 3 3± 1 4 . 6 8 

3 0  
+ 4 1 . 3 2 - 7 . 9 8 + 4 5 . 2 0 - 7 . 3 5 

3 2  
+ 

4 2 . 3 6 - 9 . 5 0 
+ 4 6 . 2 8 - 4 . 4 9  

Cryptorchid s 

1 2 4 . 0 0± 1 0 . 4 6  

1 2 6 . 0 0± 1 6 . 3 8 

2 1 2 . 0 02: 2 5 . 0 2 

1 5 1 . 6 7± 2 5 . 8 4 

2 5 5 . 7 9± 5 0 . 9 1 

7 9 . 8 1± 1 3 . 7 5 

1 7 0 . 5 0± 2 2 . 1 5 

1 6 4 . 1 92: 3 9 . 2 3 

2 4 7 . 5 22: 3 4 . 8 3 

4 1 4 . 1 9± 1 2 5 . 5 8 

5 2 3 . 8 4 2: 5 0 . 6 2 

4 5 6 . 1 4 ± 8 2 . 3 2 

5 4 2 . 3 1± 1 0 4 . 8 3 

4 2 7 . 6 4 ± 7 5 . 6 5 

3 9 9 . 2 8± 9 9 . 9 5 

1--' 
m 
w 
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Tabl e 6 . 3 :  Mean ( �SEM )  fortnightly pla sma pro lac t in l eve l s  ( ng/ml ) for lamb s 

in exper iment 6 . 1  

Age En tires Hemicastrates Cryptorchi ds 
(wks ) 

4 1 4 3 . 8 6� 2 7 . 6 4 1 7 8 . 1 5:!: 2 4 . 5 6 1 6 3 . 9 0:!: 2 5 . 7 0  

6 1 6 9 . 8 7� 1 6 . 1 1 1 7 9 . 3 8± 3 0 . 9 0 1 6 1 . 2 0± 2 7 . 4 9  

8 1 5 9 . 0 2� 3 2 . 1 8 1 6 1 . 8 8 :!: 1 3 . 9 7  1 6 5 . 8 6:!:1 7 . 8 2 

1 0  1 0 6 . 3 4 :!: 2 4 . 4 6 1 2 1 . 4  7:!: 3 4 . 9 0  8 8 . 7 4:!: 1 5 . 2 3 

1 2  1 1 0 . 7 0:!: 3 5 . 7 3 1 0 0 . 5 0:!: 2 1 . 2 0 9 3 . 9 6± 1 9 . 1 0 

1 4  1 0 9 . 9 4± 1 1 . 2 4 1 3 5 . 4 6� 2 3 . 9 2  1 4 6 . 9 5� 2 5 . 4 0 

1 6  1 2 1 .  5 4 :!: 2 0 . 7 6  1 0 4 . 5 7� 7 . 9 7 9 3 . 9 1:!: 1 4 . 5 2 

1 8  8 1 .  6 6� 1 9 . 9 1  7 1 . 2 4 � 1 2 . 7 7 9 9 . 9 3� 2 5 . 1 6 

2 0  5 0 . 7 4 :!: 1 0 . 8 8 4 4 . 9 0± 1 3 . 2 9 5 4 . 5 7 ± 1 5 . 8 6 

2 2  
+ 

2 5 . 7 6 - 8 . 2 5 
+ + 

2 6 . 7 9 - 5 . 5 6 3 5 . 1 6 - 3 . 4 6  

2 4  
+ 2 8 . 6 2 - 6 . 6 8 

+ 2 3 . 2 4 - 4 . 3 3  
+ 

3 1 . 7 4 - 7 . 7 3 
+ 

2 6  2 3 . 4 3 - 4 . 1 8 
+ + 

2 3 . 0 3 - 4 . 9 2 2 6 . 0 1 - 3 . 1 4 

2 8  
+ 1 9 . 7 5 - 2 . 9 0 

+ + 
1 9 . 8 4 - 1 . 3 9 2 1 . 9 1 - 4 . 0 6 

3 0  
+ 

1 5 . 0 9 - 1 . 7 2 
+ 

1 6 . 9 8 - 2 . 1 1 
+ 

1 9 . 4 4 - 1 . 4 6  
+ 

3 2  1 4 . 7 2 - 0 . 9 1 
+ + 

1 4 . 4 5 - 0 . 9 1 1 3 . 7 3 - 4 . 1 4 

1-' 
0'1 
(.Jl 
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Table  6 . 4 :  Mean (±SEM )  fortn ightly plasma te stos terone l eve l s  (ng/ml ) for 

lamb s in exper iment 6 . 1  

Age En tires Hemicastrates Cryptorchids 
(wks ) 

+ 
4 2 . 0 7 - 0 . 8 8 + 

0 . 9 9- 0 . 3 5 + 
1 . 1 9 - 0 . 3 6 

6 + 
1 . 0 5 - 0 . 3 9 + 

1 . 0 7 - 0 . 2 6 + 1 . 1 4 - 0 . 2 7 

8 + 1 . 0 1 - 0 . 4 2 
+ 

0 . 6 9 - 0 . 2 8 + 1 . 9 7 - 0 . 3 6 
1 0  + 2 . 5 6 - 1 . 2 8 

+ 
1 . 0 7 - 0 . 5 2 + 1 . 6 7 - 0 . 2 9 

1 2  + 1 . 9 8 - 0 . 5 2 + 
0 . 9 0- 0 . 3 3 + 0 . 4 3 - 0 . 1 0 

1 4  + 0 . 8 7 - 0 . 4 1 + 1 . 1 8 - 0 . 2 4 + 0 . 9 2 - 0 . 3 3 

1 6  + 1 . 6 3 - 0 . 5 4 + 3 . 0 8 - 1 . 1 9 + 1 . 6 9 - 0 . 6 0 

1 8  + 1 . 3 6 - 0 . 6 6 + 1 . 6 9 - 0 . 5 8 + 1 . 4 6 - 0 . 4 2 

2 0  + 2 . 5 4 - 1 . 0 5 + 1 . 5 2 - 0 . 3 4 + 
0 . 8 3 - 0 . 2 7 

2 2  + 4 . 2 0 - 1 . 5 8 + 1 . 4 8 - 0 . 9 8 + 1 . 1 5 - 0 . 5 8 

2 4 
+ 1 . 9 3 - 0 . 4 8 

+ 
3 . 3 5 - 1 . 7 2 + 1 . 7 9 - 0 . 9 0 

2 6  
+ 4 . 2 3 - 1 . 8 7 

+ 2 . 4 8 - 0 . 7 9 + 4 . 4 1- 2 . 1 6 

2 8  
+ 3 . 1 5- 1 . 1 5  

+ 2 . 0 5- 0 . 6 1 + 2 . 1 3 - 0 . 2 7 

3 0  
+ 2 . 2 7 - 0 . 7 3 

+ 4 . 9 2 - 0 . 8 3 + 2 . 8 4 - 0 . 9 8 

3 2  
+ 3 . 0 8 - 0 . 5 5 + 2 . 8 1 - 0 . 6 1 + 2 . 5 2 - 0 . 2 9 

f-' 
0'\ 
-....J 



Tabl e  6 . 5 : S ummary o f  analyses o f  variance o f  LH , FSH , pro lactin and te sto sterone data 

from experiment 6 . 1  

Source of  Vari ation 

A .  Treatment 

( i )  Entires v s  Hemicastrates 

( i i )  Ent ires & Hemica strate s 
vs Cryptorchid s 

B .  Age 

( i )  Linear 

( i i )  Quadratic 

( i i i )  Cubic 

Rema inder 

I nteraction 
Treatments x Age 

( i )  Ent ires & Hemicas trate s 
vs  Cryptorchids x Linear 

( i i )  Entires & Hemicastrate s 
vs Cryptorchids x 
Quadratic 

Rema inder 

Re s idual mean square 

DF 

2 

1 3  

2 6  

2 1 0  

1 

1 

1 

1 

1 

1 1 - 1 2  

1 

1 

2 4 - 2 5  

LH FSH 
Var iance Ratios 

Prolactin 

2 . 3 2 3 . 8 0 

2 2 4 . 3 2 * * *  3 5 5 . 2 4 * * *  

1 0 . 9 2 * *  

0 . 7 4 

4 0 . 4 6 * * * 

7 . 9 7 * *  

0 . 4 0 

7 . 3 5 * *  1 0 9 . 2 7 * * *  

0 . 8 2 

4 2 7 . 7 9 

5 . 9 6 *  

0 . 2 7 

5 0 4 . 0 1 

0 . 7 3 

6 1 5 . 0 9 * * *  

1 0 . 7 2 * *  

8 . 3 4 * *  

1 .  6 2  

0 . 3 1 

4 5 4 . 0 1 

Te sto sterone 

0 . 6 7 

3 3 . 7 2 * * *  

5 . 9 4 *  

0 . 6 2 

0 . 9 1 

4 1 5 . 7 7 
f--' 
0'\ 
CXJ 



( P  < 0 . 0 0 1 ) and quadratic ( P  < 0 . 0 5 )  componen t s  o f  the treat­
ments x age interaction . 

( i ii ) Prol actin 

( F igure 6 . 3 ,  tab l e s  6 . 3  and 6 . 5 ) 

Treatments had no e f fect o n  p l a sma pro l a c t i n  l evel s .  

An ove ra l l  mean plasma pro l a c t i n  c oncentration o f  7 8 . 8 0� 

1 4 . 5 3 ng/ml was recorded f rom entire s , whi l e  values  o f  
+ + 

8 1 . 4 6 - 1 6 . 1 2 ng/ml and 8 1 . 1 3 - 1 4 . 7 5 ng/ml were r ecorded from 

hemicastrates and c ryptorc h id s , re spective l y . 

I n  a l l  three g roups ho rmone concentrat ions tended to 

fall throughout t he exper iment , exc ept fo r a sharp increa se 

1 6 9 . 

in leve l s  r ecorded at 1 4  and 1 6  wee k s  o f  age . Thu s i n  the 

analy s i s  o f  variance for pro l a c t i n  data the l inear (P < 0 . 0 0 1 ) , 

quadratic ( P  < 0 . 0 1 )  and cub i c  ( P  < 0 . 0 1 )  components o f  the 

age ma in e f fect  were s ign i f ican t . 

( iv )  Te s to s terone 

(Figure 6 . 4 ,  tabl es  6 . 4  and 6 . 5 ) 

Tre atments did  not have any s i gn i f icant e f f ect on mean 

p lasma t e s to s terone leve l s . Overa l l  mean c on centrations o f  
+ + + 

2 . 2 6 - 0 . 2 7 ng/ml , 1 . 9 6 - 0 . 3 0 ng/ml and 1 . 7 4 - 0 . 5 8 ng/ml were 

r ecorded f rom enti r e s , hemi c a strates  and cryptorchid s , 
respec tive l y . In  a l l  three group s relative l y  low concentrat­

ions were reco rded dur i ng the f i r s t  1 2  weeks  o f  l i f e , but 

s ubsequently  va lues tended to increase with age . I n  the 

analysis of variance the se patterns of change with age , for 

plasma testoste rone data , contr ibuted to highly s igni f i cant 

l inear ( P  < 0 . 0 0 1 )  and quadratic (P  < 0 . 0 5 )  components . 

( b )  Acute Pro f i le S tudy ( Exper iment 6 . 2 ) 

( i )  LH 

( Figure 6 . 5 ,  tabl e s  6 . 6  and 6 . 1 0 )  

At each age o f  s ampl ing i n  t he four hour pro f i l e stud ie s , 

pul satile LH secretio n  patterns we r e  c l early s een in a l l  

three trea tment group s . Altho ugh there wa s no d i f fe rence 

between total numbe r  of LH peaks r e corded from ent i r e s  ( 3 0 )  

and hemicastrates ( 3 0 ) , a greater number ( 5 5 )  wa s noted 

f rom cryptorchids . Chi- square ana lys i s  ind i cated t hat th i s  



d i f ference ( en t i re and hemi castrates vs c ryptorchids ) wa s 

sign i f i cant ( x 2 
( 2 )  = 1 0 . 8 6 ,  P <  0 . 0 01 ) . 

1 7 0 . 

Mean plasma LH l eve l s  r ecorded from each treatment group 

during the 4 hr acute pro f i l e stud i e s  are s ummar i sed in 

table 6 . 6 .  

Table 6 . 6 :  Mean (�S EM )  LH leve l s  ( ng/ml ) during 4 hr 

pro f i l e s tud i e s  ( exper iment 6 . 2 ) 

· Age (wk s ) 

8 

1 6  

2 4  

3 2  

En t i r e s  

+ 
1 . 4 3 - 0 . 4 3 

+ 
0 . 9 0 - 0 . 2 7 

+ 1 . 2 9 - 0 . 4 3 
+ 0 . 6 8 - 0 . 2 0 

Hemi c a s trate s  

+ 0 . 6 6 - 0 . 1 8 
+ 

0 . 5 0 - 0 . 0 6  
+ 

1 . 6 0 - 0 . 7 0 
+ 

0 . 6 0- 0 . 1 5 

Cryptorchids  

+ 
3 . 7 4 - 0 . 6 7 

+ 2 . 7 5 - 0 . 3 4 
+ 

7 . 3 0- 0 . 9 6 
+ 4 . 9 5 - 0 . 8 3 

Ana l y s i s  of  var i ance r evealed that cryptorchids had a 

sign i f i cantly higher ( P < 0 . 0 0 1 )  ove ra l l  mean plasma LH 

concentrat ion ( 4 . 6 9� 0 . 9 8 ng/ml ) than hemica s trates ( 0 . 8 4 � 
+ 0 . 2 5 ng/ml ) and entir e s  ( 1 . 0 7 - 0 . 1 7 ng/ml ) .  The cubic  

component o f  the e f f e c t  of  age on  LH  l eve l s  wa s s i gni f i c ant 

( P < 0 . 0 1 ) ; that wa s a result  of  relative l y  hi gher me an LH 

leve l s  be i ng recorded at 8 and 2 4  weeks compared to tho se 

no ted at 1 6  and 3 2  week s . 

( i i ) FSH if 
( F igure 6 . 6  and tables  6 . 7  and 6 . 1 0 )  

FSH leve l s  recorded dur ing the acute pro f i l e  stud i e s  

d i d  not f l uctuate very much , thus only 9 secretory peak s 

were recorded f rom ent i r es c ompared to 1 2  and 1 1  reg i s tered 

f rom hemi c a s trates and c ryptorchids , r e spec t ive ly . However ,  

that d i f ference wa s not s i gn i f i cant . 

Mean p l a sma FSH l eve l s  r ecorded f rom each group dur ing 

the 4 hr acute pro f i l e s tud i e s  are s ummar i s ed i n  Tabl e  6 . 7 . 



1 7 1 . 

Tab l e  6 . 7 :  
+ 

Mean (-SEM )  F S H  l eve l s  ( ng/ml ) during 4 hr 

pro f i l e  stud i e s  ( exper iment 6 . 2 ) 

Age (wk s ) En t i re s  Hemicastrates Cryptorchids  

8 
1 6  

2 4  

3 2  

+ 
3 9 . 5 5 - 4 . 3 7 

+ 4 2 . 3 3 - 7 . 5 7 

6 6 . 1 82:
1 4 . 3 0 

+ 
7 4 . 3 8 - 7 . 8 0 

+ 
5 7 . 0 0 - 9 . 6 7 

+ 
3 9 . 1 2 - 6 . 7 9 

+ 
7 9 . 9 1 - 9 . 3 5 

+ 
6 6 . 0 0 - 6 . 8 6 

+ 
7 3 . 2 4 - 6 . 0 1 

2 6 2 . 8 82: 7 2 . 7 1 

4 1 9 . 4 62: 7 6 . 9 4 

3 9 3 . 1 82:
6 2 . 2 4 

Ana l y s i s  o f  hormone data revea led tha t c ryptorchid i sm 

caused a s igni f icant e l evation ( P  < 0 . 0 0 1 )  o f  over a l l  mean 
+ plasma F S H  leve l s  ( 2 8 7 - 7 9 . 1 0 ng/ml ) compared to thos e  recorded 

from hemi castrates ( 6 0 . 5 02: 8 . 5 4 ng/ml ) and entire s ( 5 5 . 6 12: 

8 . 6 5 ng/ml ) .  Overa l l  mean ho rmone l eve l s  i ncreas ed l i nearly 
(P  < 0 .  0 0 1 )  wi th age . Thi s  e f fect wa s due mo s t l y  to the 

marked i ncrease with age in F S H  leve l s  record ed f rom 

cryptor chids . The same r e s u l t  wa s r e spon s i b l e  for  the 

s i gni f i c ant entires and hemica strate s vs c ryptorchids x l ine ar 

(P < 0 .  O l )  and quadra tic (P < 0 .  0 5 )  components o f  the treatment s  

x age i nteract ion . 

( i i i ) Pro lactin 

( F ig ure 6 . 7  and tabl e s  6 . 8  and 6 . 1 0 )  

P u l s at i le prolactin secretory patterns we re observed in 

all thr e e  groups . A tota l o f  1 9  peaks wa s rec orded f rom 

entire s ,  whi l e  hemicastrates and cryptorchids had 2 1  and 

2 0  peak s , r e spec t ive ly ;  that d i f f erence wa s not s ta t i s t ic ­
ally s ig n i f icant . 

Mean plasma prolactin l eve l s  recorded dur i ng the 4 hr 

acute pro f i le studies  are s ummar i sed in table 6 . 8 .  



Table  6 . 8 :  Me an ( �SEM ) pro l a c t i n  leve l s  ( ng/ml ) dur ing 4 hr 

pro f ile s tud ies ( exper iment 6 . 2 ) 

1 7 2 . 

Age (wks ) En tires  Hemicas trates C ryptorchids 

8 1 7 5 . 9 1� 9 . 3 5 1 6 0 . 7 8� 1 6 . 5 4 1 8 0 . 5 1� 7 . 4 9  

1 6  + 8 5 . 0 8 - 3 . 9 1 + 9 0 . 9 2 - 8 . 6 2 + 9 3 . 9 6 - 1 . 5 7 

2 4  3 2  . 1 8� 1 1 . 8 4  + 2 9 . 3 4 - 6 . 9 5 4 6 . 6 2 � 1 0 . 4 3  

3 2  
+ 1 5 . 7 2 - 1 . 5 9 + 1 3 . 4 5 - 1 . 1 3 + 1 4 . 7 3 - 1 . 7 8 

Ana ly s i s  o f  var i an ce o f  hormone l eve l s  reve aled that 

overa l l  mean p l a sma pro lactin leve l s  were not a f f e cted by 

surg ical  treatments , bu t decre a s ed ( P  < 0 . 0 0 1 )  l inear l y with 

age . 

( iv )  Testosterone 

( F igure 6 . 8  and tab le 6 . 9  and 6 . 1 0 )  

P l asma testosterone concentrat ions recorded i n  the 

pres ent study indi cated that the s urg ical  tre atments had no 

s ign i f icant e f fect  on the secretion of this hormone . 

Pulsatile  secre tory patterns wer e  evident in a l l  three 

groups at a l l  s amp l ing ag e s . A tota l of 39 peaks were 

recorded from entires wh i l e  hemicas t rates and c ryptorchids 

had 36  and 35  peak s , re spect ive ly . Te stosterone peak s 

genera lly were preceded by LH peaks , but in bo th entires 

and hemicastra t e s  spontaneous testosterone e l eva t i on s , 

whi ch apparently were not preceded by LH peak s , wer e  noted . 

On the o ther hand in cryptorchids 1 8  out of  5 5  LH peak s 

( 3 2 . 7 % )  were not fol lowed by testos terone el evation s . 

Mean plasma te stos t e rone l eve l s  recorded f rom each 

treatment group dur i ng 4 h r  acute prof i l e  s tud ie s  a re 

s umma r i sed in table 6 . 9 .  
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Tabl e  6 . 1 0 :  Summa ry o f  analyses o f  var iance o f  LH , FSH , pro lactin and te sto sterone data 

f rom experiment 6 . 2  

Source of  Varia tion DF Variance Ratios  
LH FSH Prolactin Testosterone 

A .  Treatments 2 2 . 0 2 0 . 6 5 

( i )  - Entire s vs  Hemica strate s 1 0 . 9 4 l .  0 9  -
( i i )  Entires & Hemi castrate s 

vs  Cryptorchids 1 1 1 5 . 8 6 * * * 1 2 0 . 5 9 * * *  

B .  Age 3 

( i )  Linear 1 - 3 3 . 4 8 * * * 5 7 7 . 3 3 * * *  3 4 . 4 5 * * *  

( i i )  Quadratic 1 

( i i i ) Cubic 1 9 . 4 4 * *  

Rema inder 2 l .  0 8  l .  7 9  0 . 8 9 1 . 2 1 

Interaction 
Treatm�nts x Ag� 6 0 . 9 6 - 0 . 3 8 0 . 1 3 

( i )  Entire & Hemica strates 
vs Cryptorchids x Linear 1 - 8 . 1 3 * *  

( i i )  En tires & Hemic as trates 
vs Cryptorchids x 
Quadrat ic 1 - 7 . 0 3 *  

Remainder 4 - 0 . 8 6 

Re s idual mean square 6 0  2 2 6 . 6 2 5 3 6 . 9 2 2 0 4 . 1 4 1 5 8 . 1 4 
f-' 
-....J 
-....J 



1 7 8 .  

Tabl e  6 . 9 :  Me an + ( - SEM )  testo s ter one lev e l s  ( ng/ml ) dur ing 

4 hr  pro f i l e  s tudies ( exper iment 6 . 2 ) 

Age (wks ) En t i re s  Hemi c a strates Cryptorchids  

+ 
8 1 . 2 0 - 0 . 1 9 

+ 
1 - 2 3 - 0 . 3 9 

+ 1 . 3 2 - 0 . 3 7 

1 6  + 1 . 1 2 - 0 . 3 5 
+ 

1 . 3 9 - 0 . 4 6 + 
1 . 5 0 - 0 . 3 4 

2 4  
+ 

1 . 6 5 - 0 . 7 9 
+ 

1 . 4 2 - 0 . 4 3 
+ 

1 . 2 4 - 0 . 3 6 

3 2  
+ 2 . 9 8 - 0 . 3 5 + 

2 . 8 1 - 0 . 3 0 
+ 

2 . 5 2 - 0 . 3 9 

Analys i s  o f  variance revealed that mean plasma 

testos t erone l eve l s  i ncrea sed l inea r l y  ( P  < 0 . 0 0 1 )  with age , 

but s urg ical tre atment s  had no s igni f icant i n f l uence on 

concentrations of thi s ho rmone . 

( c )  GnRH Re spQn s e s  ( Experiment 6 . 3 ) 

( i )  LH 

( F igures 6 . 9 - 6 . 1 6 and tab les  6 . 1 1 and 6 . 1 3 )  

a .  Pre-GnRH 

At eac h  a ge o f  sampl ing , pre ­

inj ect ion L H  l eve l s  wer e h igher i n  c r yptorchids  than i n  the 

other g roups . Conc entra tions for them were 5 . 7 0� 2 . 6 2 ng/ml 
+ + 

compared to 1 . 8 0 - 0 . 7 1 and 0 . 4 4 - 0 . 1 7 ng/ml re corded from 

hemi castrates and entire s , re spec t iv e l y . However ,  TP 

treatment resulted in a r educt ion o f  pre -GnRH inj ection LH 

leve l s  in androgenized  anima l s . Over a l l  mean values for 

androgeni z ed an ima l s  wer e  1 . 5 8� 0 . 5 9 ,  0 . 4 9� 0 . 2 0 and 0 . 2 9 � 

0 . 0 8 ng/ffil for c ryptorch i d s , hemi castrates  and entires , 

re spec tive l y . 

b .  Pos t-GnRH 

P la sma LH l eve l s  incr ea sed fo l low i ng GnRH inj ection 

both i n  TP treated and non- androg en i z ed animal s .  Mean 

total LH re spon s e s  o f  non-androgeni z e d  c ryptorchids decl i ne d  
+ + 

f rom 5 0 4 . 4 8 - 1 6 . 7 3 ng/ml . hr a t  8 weeks to 3 9 8 . 6 5 - 2 2 . 6 0 ng/m l . hr 

at  3 2  week s . S imilar patter n s  were obta ined f rom non­

androgen i z ed hemica s trate s a nd entire s  for  wh ich re spon s e s  

dec l ined f rom 2 7 0 . 3 4± 1 9 . 9 2 ng/ml . hr a n d  3 1 4 . 9 5± 3 2 . 2  ng/ml . hr 
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fo l lowing adminis trat ion o f  GnRH ( 0 . 5  � g/kg ) at 2 4  
weeks o f  age ( experiment 6 . 3 ,  n= 3 ) . 
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F i gure 6 . 1 2 :  P l a sma LH re spon s e s  o f  non-androgen i sed 
ram l ambs fol lowing admini s tration o f  
GnRH ( 0 . 5  � g/kg ) a t  3 2  wee k s  o f  age 
( experiment 6 . 3 , n= 3 ) . 
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Figure 6 . r3 :  P l a sma LH responses o f  androgen i s ed ( te stosterone propionate , 

1 mg/kg ) ram lamb s fol lowing admini strat ion o f  GnRH ( 0 . 5  � g/kg)  

at 8 weeks of  age ( exper iment 6 . 3 , n= 3 ) . 
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F igure 6 . 1 4 :  Plasma LH re sponses o f  androgenised ( te s tosterone 
propionate , l mg/kg ) ram lamb s fol lowing admini stration 
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Figure 6 . 1 5 :  P l a sma LH responses o f  androgen i sed ( te s to s terone prop ionate , 
1 mg/k g )  ram lamb s fol lowing adminis tration o f  GnRH ( 0 . 5  � g/kg ) 
at 2 4  week s o f  age ( expe riment 6 . 3 ,  n= 3 ) . 
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Figure 6 . 1 6 :  P la sma LH re spon ses  o f  androgen i sed ( te sto sterone propionate , 
1 mg/kg ) ram l amb s fol lowing administration o f  GnRH ( 0 . 5  � g/kg ) 
at 3 2  weeks of age ( experiment 6 . 3 ,  n= 3 ) . f-' 
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Tabl e  6 . 1 1 :  
+ Mean ( - SEM ) pre-GnRH LH leve l s  (ng/ml ) and total hormone re spons es  ( ng/ml . hr )  

in experiment 6 . 3  

Surgical Treatment ENT I RES HEMICASTRATES CRYPTORCHIDS 
Hormonal 

treatment GnRH GnRH . TP GnRH GnRH . TP GnRH GnRH . TP 
Age 
(wks ) 

8 Pre + 0 . 5 0 - 0 . 1 5 + 0 . 1 8 - 0 . 0 7 
+ 2 . 6 0 - 1 . 9 8 + 0 . 6 3 - 0 . 1 2 + 

7 . 2 8 - 1 . 4 3 
+ 

2 . 7 0 - 1 . 1 2 

Total 3 1 4 . 9 5:1:: 3 2 . 2  2 0 5 . 2 2� 1 2 . 4 2 2 7 0 . 3 4 � 1 9 . 9 2 1 6 5 . 2 1:1:: 6 . 6 1 5 0 4 . 4 8 �1 6 . 7 3 4 2 6 . 7 6� 5 1 . 9 0 

1 6  Pre 
+ 0 . 4 7 - 0 . 3 0 + 

0 . 1 1 - 0 . 3 7 + 0 . 2 7 - 0 . 1 2 + 
0 . 0 9 - 0 . 0 2 + 0 . 5 0 - 0 . 2 0 + 0 . 5 9 - 0 . 2 4 

To tal 2 3 3 . 4 7 � 1 2 . 8 6 1 1 6 . 4 7� 1 1 . 7 5 3 1 0 . 2 7:1:: 5 . 4 7 1 7 1 .  9 0� 6 .  6 9 3 8 5 . 6 4:1:: 16 . 8 2 3 3 5 . 0 9:1:: 8 . 3 3 

+ + + 
2 4  Pre 0 . 2 0 - 0 . 0 2 0 . 5 0 - 0 . 0 7 2 . 0 6 - 1 . 9 6 + 

1 .  0 0 - 0 . 1 3  
+ 

1 2 . 3 1 - 2 . 3 0 + 
2 . 5 2 - 1 . 1 0 

Tota l 1 3 1 . 8 4:1:: 3 . 2 9 + 8 4 . 9 1 - 6 . 7 8 1 7 8 . 1 1:1:: 1 2 . 5 7 1 5 5 . 2 5± 7 . 6 2 3 3 7 . 3 8± 2 1 . 8 8 2 1 5 . 8 4 ± 3 1 . 0 0  

+ 
3 2  Pre 0 . 6 0 - 0 . 2 1 + 

0 . 3 5 - 0 . 0 9 
+ 

2 . 2 8 - 1 . 5 3 + 0 . 2 5 - 0 . 2 0 
+ 

2 . 7 5 - 1 . 1 0 + 
0 . 5 0 - 0 . 2 1 

Total 1 2 6 . 4 3� 1 1 . 3 9 
+ 

7 3 . 2 0 - 1 1 . 6 9 1 6 8 . 4 5� 1 5 . 4 4 1 0 5 . 6 8� 2 . 9 8 3 9 8 . 6 5� 2 2 . 6 0 1 6 8 . 8 i2: 2 4 . 2 2  

f-' 
00 
-.J 



+ + at 8 weeks to 1 6 8 . 4 5 - 1 5 . 4 4 ng/ml . h  and 1 2 6 . 4 3 - 1 1 . 3 9  ng/ml . hr 

at 3 2  weeks . 

TP treatmen t  resul t e d  in r educ t ions i n  total LH 

respons e s  in a l l  g roups {P < 0 . 0 1 ) . Thus for c ryptorchlds  
+ 

mean to tal  re spon s e s  were 4 2 6 . 7 6 - 5 1 . 9 0 ng/ml . hr at 8 weeks , 

dec l ining to 1 6 8 . 8 7± 2 4 . 2 2 ng/�l . hr a t  3 2  week s . Comparabl e 

value s for androgen i sed hemi castrates were 1 6 5 . 2 1± 6 . 6 1 
+ 

ng/ml . hr at 8 wee k s  and 1 0 5 . 6 8 - 2 . 9 8 ng/ml . hr at 3 2  we e k s , 
+ wh ile  for entire s to tal r e spon s e s  we re 2 0 5 . 2 2 - 1 2 . 4 2 ng/ml . hr 

+ at 8 weeks  and 7 3 . 2 0 - 1 1 . 6 9 ng/ml . hr a t  3 2  week s . I n  the 

ana l y s i s  o f  var ia nce o f  LH re spon se data cryptorchid r am 

lambs had s igni f icantly hi gher ( P  < 0 . 0 0 1 )  total re sponses  

than the  o ther two group s . A l so the decrea s e  with ag e fo r 

total r e sponses  wa s s tat i s t i c a l l y  s igni ficant { P  < 0 . 0 0 1 ) . 

( i i )  FSH  

( F i gures  6 . 1 7 - 6 . 2 4 and  tabl es  6 . 1 2 and  6 . 1 3 )  

a .  P re-GnRH 

The pattern o f  chang e s  in pre - in j ection hormone l evel s 

concur red with the genera l pattern o f  hormonal data re corded 

in exper iment s  6 . 1 and 6 . 2 .  The over a l l  mean pre- i n j e ct ion 

FSH l eve l of  crypto rchid s was 3 1 2 . 5 5± 1 1 9 . 4 5 ng/ml , wh ich 

was con s i derably h igher than the values  o f  5 8 . 6 1± 2 7 . 1 2 ng/ml 
+ 

and 3 5 . 1 7 - 8 . 5 3 ng/ml recorded from hemi cas trates and 

entire s . 

TP pre-treatment c aused a red uction in b a s a l  FSH 

leve l s  in all  animal s .  For these anima ls  the over a l l  mean 

concentration recorded from c ryptorchids wa s 2 0 0 . 8 8± 6 9 . 0 2 

ng/ml wh i l e  concentrations o f  2 7 . 4 7± 1 2 . 3 4  ng/ml and 

1 8 8 . 

+ 
2 8 . 0 8 - 9 . 5 9 ng/ml were reco rded f rom h emi castrates and entires  

respect ive ly . 

b .  Post-GnRH 

Graphical examination o f  FSH r e sponse s f o l lowing GnRH 

admini stration indicated that the response s were l e s s  

drama t i c  than tho s e  observe d  f o r  LH . P eak l eve l s  were 

r ecorded with in 1-2 hour s o f  GnRH i n j ection . 

The total ho rmone r e spon s e s  reco rded f rom c ryptorc hids  
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F igure 6 . 1 7 :  P l asma FSH re spon ses  o f  non-androgeni sed ram l amb s 
fo l lowing admini s tration o f  GnRH ( 0 . 5  � g/kg ) at 8 
weeks o f  age ( expe riment 6 . 3 ,  n= 3 ) . 
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Figure 6 . 1 8 :  P l a sma FSH re sponses  o f  non -androgeni sed ram l amb s fo l lowing 
administration of GnRH ( 0 . 5  � g/kg ) at 16 weeks of age 
( exper iment 6 . 3 ,  n= 3 ) . 
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F i gure 6 . 1 9 :  P l a sma FSH response s o f  non - androgeni sed  
ram l amb s fol l owing admini strat ion o f  
GnRH ( 0 . 5  � g/kg ) a t  2 4  week s o f  age 
( exper iment 6 . 3 ,  n= 3 ) . 
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F igure 6 . 2 0 : P la sma FSH  re sponse s o f  non-androgen i sed ram l amb s 
fo l lowing admin i s trat ion o f  GnRH ( 0 . 5  �g/kg ) at 3 2  
weeks o f  age ( experiment 6 . 3 , n= 3 ) . 
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Fi gure 6 . 2 1 :  P l a sma FSH respon ses o f  androgeni sed ( te s tos terone propionate , 
1 mg/kg ) ram l amb s fol lowing administration o f  GnRH ( 0 . 5  0 g/kg )  
a t  8 week s o f  age ( exper iment 6 . 3 ,  n= 3 ) . 
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Figure 6 . 2 2 :  P l a sma FSH  re sponse s of  androgeni sed 
( te s to s te rone propi onate , 1 mg/kg ) ram 
l ambs fo l lowing admin istration o f  GnRH 
( 0 . 5  � g/kg ) at  1 6  weeks o f  age 
( exper iment 6 . 3 , n= 3 ) . 
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Figure 6 . 2 3 :  P l asma FSH response s of androgeni sed ( te s tos te rone propionate , 
1 mg/kg ) rams following admini stration o f  GnRH ( 0 . 5  � g/kg ) at 
2 4  weeks of age ( experiment 6 . 3 ,  n= 3 ) . 
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F igure 6 . 2 4 :  Plasma FSH respon ses o f  androgeni sed ( te stosterone prop ionate , 
1 mg/kg ) ram l amb s fol lowing admin i s tration o f  GnRH ( 0 . 5  �g/kg ) 
at 3 2  week s o f  age ( experiment 6 . 3 ,  n= 3 ) . 
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Table 6 . 1 2 :  + Mean ( -SEM )  pre-GnRH FSH leve l s  ( ng/ml ) and total hormone re spon ses (ng/ml . hr )  

S urgical Treatment 
Hormonal 
treatment 

Age (wks ) 

8 

1 6  

2 4  

3 2  

Pre 
Total 

Pre 
Total 

Pre 
Total 

Pre 
Total 

in experiment 6 . 3  

ENT I RES 

GnRH 

3 0 . 6 0� 1 5 . 7 0 
5 1 2 . 5 7:!:2 1 .  6 6  

2 6 . 8 6:!: l l . 9 5  
3 7 0 . 5 6 ± 3 0 . 9 9 

6 1 . 0 9 � 9 . 5 4 
+ 1 2 7 0 . 1 1 - 2 0 0 . 1 5 

2 4 . 4 8� 7 . 5 8 
3 4 2 . 4 0± 3 0 . 1 0 

GnRH . TP 

+ 1 9 . 6 6 - 7 . 5 1 
3 3 5 . 2 7±1 7 .  0 8  

+ 1 4 . 9 9 - 2 . 5 3 
2 1 6 . 4 5± 3 0 . 1 8 

5 6 . 5 8: 1 8 . 4 7 
.J.. 

7 2 0 . 3 3 .:. 8 . 9 4 

2 1 . 0 6 � 4 . 0 3 
1 8 4  . 1 6± 5 . 0 2  

HEMICASTRATES 

GnRH 

+ 6 4 . 9 3 - 0 . 5 5 
7 3 7 . 0 0� 0 . 0 4 

� . +  1. 4 . 7 6 - 6 . 7 1 
6 0 6 . 4 0:!: 2 2 . 5 0 

GnRH . TP 

1 6 . 3 1� 9 . 5 3 
3 4 2 . 5 5±1 5 . 7 9 

2 0 . 7 5± 2 . 8 6 
1 8 2 . 6 2� 2 0 . 4 8  

1 3 2 . 5 8 : 1 8 . 7 5 6 3 . 8 1� 1 1 . 3 6 
1 4 6 1 . 5 9 � 1 2 7 . 0 2 1 0 4 5 . 5 7 :!: 1 2 5 . 6  

2 1 . 8 8�1 1 .  2 6  
3 3 5 . 4 9± 3 5 . 6 5 

9 . 0 4 ± 3 . 0 2 
1 8 5  . 1 6 ± 2 6  . ·B B 

CRYPTORCHIDS 

GnRH 

9 1 . 0 1 � 2 4 . 0 2 
1 0 4 1 . 0 1� 7 4 . 2  

2 8 5 . 6 4 ± 5 9 . 7  
3 5 6 4 . 6  �1 6 2 . 3 0 

6 4 9 . 5 4 � 1 0 . 1  
7 7 2 7 . 2  � 3 0 5 . 0 3 

2 2 4 . 0  ± 1 9 . 0 1 
2 2 8 8 . 7 5� 3 5 . 0 9 

GnRH . TP 

3 5 . 4 7 � 4 . 6 8 
5 3 3 . 5 2 �2 7 . 3 1 

1 9 5 . 3 3± 5 6 . 5 5 
3 2 2 7 . 1 8 � 3 0 7 . 2  

3 7 3 . 4 0 � l l 0 . 5 2 
3 8 4 8 . 5 7 � 6 6 4 . 5 0 

1 9 9 . 3 3 � 6 1 . 7 2  
2 0 7 6 . 4 5� 2 7 1 . 0  

f-' 
\0 
-....) 
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Table  6 . 1 3 : S ummary o f  analys e s  o f  var iance o f  total LH 

and FSH o utpu t data fro� exper iment 6 . 3  

Source of Var i a t ion DF 

A .  Treatments 

( i )  En t i re s  V S  Hemica strates 

( i i )  En t i r e s  & Hemi c a s tra t e s  
V S  Cryptorchids  

B .  Age 

( i )  Linear 

( i i ) Quadratic 

( i i i ) Cub i c  
Rema inder 

C .  Testos terone 

I nterac t ions  
A X B 

( i )  E n t i re & Hemi castrate 

2 

3 

1 

6 

VS Cryptorchid X l i near -
( i i ) E n t i re & Hemic a s trate 

V S  Cryptorchid X 
quadratic 

Rema inde r  

A X c 2 

B X c 3 

Re s idual mean square 5 4  

1 

1 

1 
1 

1 

2 

1 

1 

4 
" 

Var iance Rat io s  

LH FSH  

1 . 1 5 0 . 1 4 

4 4 . 0 6 * * *  1 0 7 . 9 3 * * *  

2 1 . 7 9 * * *  5 . 7 7 *  

3 0 . 0 0 * * *  

1 2 . 1 4 * *  

1 .  0 2  

1 2 . 5 2 * *  6 . 7 4 *  

0 . 4 2 

1 0 . 5 8 * *  

2 9 . 8 8 * * * 

0 . 0 6 

0 . 4 9 1 .  0 2  

0 . 0 2 1 . 1 4 

1 1 2 1 . 4 9 1 0 5 2 8 6 . 4 1 



1 9  9 . ·  

were s igni f ic antly higher ( P < 0 . 0 0 1 ) than those re corded 

from the othe r two groups . Mean tota l responses  r ecorded 

from non- androgen i z ed cryptorchids  increased f rom 1 0 4 0 . 0 1� 

7 4 . 2 2 ng/ml . hr at 8 weeks to 7 7 2 7 . 2 2 � 3 0 , 0 0 ng/ml . hr at 2 4  weeks 
+ and then d e c l ined to 2 2 8 8 . 7 5 - 1 2 5 . 6 3 ng/ml . hr at  3 2  week s . 

Comparab l e  va lues f rom non -androgen i z ed hemic a s trates and 

entires were 7 3 7 . 0 4 � 4 8 . 9 7 ng/ml . hr and 5 1 2 . 5 7� 2 1 . 6 6 ng/ml . hr 
+ + at 8 weeks , 1 4 6 1 . 5 9 - 1 2 7 . 0 2 ng/ml . hr and 1 2 7 0 . 1 1 - 2 0 0 . 1 5 ng/ml . hr 

+ . + at 2 4  week s  and 3 3 5 . 4 9 - 3 5 . 6 5 ng/ml . hr and 3 4 2 . 4 0 - 3 0 . 1 0 ng/ml 

at 32 weeks , re spective l y . 

TP tre atment resul ted i n  a reduct ion o f  to tal FSH 

re spon s e s  i n  a l l  groups ( P  < 0 . 0 5 ) . Thus mean tota l re spon s e s  

obs erved f rom testo sterone 
+ from 5 3 3 . 5 2 - 2 7 . 3 1 ng/ml . hr 

ng/ml at  2 4  weeks and then 

treated c ryptorc hids  increased 
+ at 8 we eks to 3 8 4 8 . 5 7 - 6 6 4 . 5 0 

d e c l i ned to 2 0 7 6 . 4 5� 2 7 1 . 1 0 ng/ml 
at 32 weeks . Responses of hemi castrates and entires  increased 

+ + from 3 4 2 . 5 5 - 1 5 . 7 9 ng/ml . hr and 3 3 5 . 2 7 - 1 7 . 0 8 ng/ml . hr at 8 
+ + weeks , to 1 0 4 5 . 5 7 - 1 2 5 . 6 7 ng/ml . hr and 7 2 0 . 3 3 - 8 . 9 4 ng/ml . hr 

at 2 4  week s and then sub sequent l y  decl ined to 1 8 5 . 1 6� 2 6 . 8 8 
+ ng/ml . hr and 1 8 4 . 1 6 - 5 . 0 2 ng/ml . hr at 3 2  week s , re spec t ive l y . 

The over a l l  patterns o f  change s  with age for tota l 

FSH re spon s e s  were repre s ented not only by a highly s ign i f icant 

quadrat i c  (P  < 0 .  0 0 1 )  component , but a l so by s igni f icant 

l inear ( P  < 0 .  O S )  and cub i c  ( P  < 0 .  0 1 ) componen t s . S ign i f i cant 

entire and hemicas trate vs  cryptorchid x l inear ( P  < 0 .  0 1 ) 

and quadra t i c  ( P  < 0 . 0 0 1 )  components o f  the treatments x age 

interact ion i ndicated tha t the s e  e f fects  of  age were mor e  

mar ked in c ryptorchids than i n  the other two group s . 

( i i i )  Testo s terone 

( F i g ur e s  6 .  2 5  

a .  P r e-GnRH 
6 . 2 8 and tabl e s  6 . 1 4 and 6 . 1 5 )  

Ove r a l l  mean p l a sma t e sto s terone 
+ concentr ations increased f rom 1 . 8 2 - 0 . 6 3 ng/ml a t  8 week s  to 

+ 
3 . 5 4 - 1 . 0 2 ng/ml at 3 2  week s . I n  contras t , pr e -GnRH p l a sma 

testosterone leve l s  r ecorded f rom TP treat�d anima l s rang ed 

between 1 7  a nd 2 2  ng/ml . 
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Fi gure 6 . 2 5 :  P l asma testo sterone r e sponses o f  
non- androg e n i s e d  ram l amb s fol lowing 
adminis tration of GnRH ( 0 . 5  � g/kg ) at 
8 weeks  of age ( e xper iment 6 . 3 , n= 3 ) . 
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Tab le 6 . 1 4 :  
+ 

Mean ( - SEM ) pr e-GnRH te sto s terone l eve l s  ( ng/ml ) and total  hormone 

re sponses  ( ng/ml . hr )  in non-androgen i z ed anima l s  from experiment 6 . 3  

S urgical Treatment En t ires Hemicastrates Cryptorchids 

Age 
( wks ) 

8 

1 6  

2 4  

3 2  

Hormonal 
Treatment 

P re 

Tota l 

Pre 
To tal 

Pre 
Total 

P re 

To ta l 

-- ---

GnRH 

+ 
0 . 6 6 - 0 . 4 6 

+ 6 7 . 9 0- 2 . 1 2 

+ 
0 . 5 8 - 0 . 2 1 

+ 3 9 . 9 9 - 2 . 8 4 

+ 
4 . 6 2 - 2 . 6 3 

+ 
6 2 . 3 7 - 7 . 2 7 

+ 
2 . 9 8 - 1 . 1 0 

+ 9 0 . 9 9 - 6 . 5 0 

GnRH 

+ 
2 . 8 5 - 1 . 1 6 

+ 
3 9 . 9 1- 2 . 6 2 

+ 
0 . 2 3 - 0 . 0 1 

+ 
3 8 . 5 4 - 3 . 1 3 

+ 3 . 11- 1 . 2 0 
+ 5 3 . 4 2 - 4 . 2 5 

+ 5 . 5 4 - 3 . 1 6 
+ 9 8 . 7 6 - 3 . 2 0 

GnRH 

+ 
1 . 9 6 - 1 . 0 1 

+ 
3 5 . 3 5 - 1 . 8 3 

+ 
1 . 3 8 - 1 . 0 8 

+ 
3 0 . 8 1 - 2 . 1 2 

+ 1 . 9 2 - 0 . 8 5 
+ 

3 8 . 8 5 - 2 . 9 4 

+ 2 . 1 2 - 1 . 1 0 
+ 8 4 . 8 4 - 8 . 5 9 

N 
0 
� 



Tab le 6 . 1 5 :  S ummary o f  analy s i s  o f  var i ance of tota l 

t e s to s terone re spon se data from non­

androgeni z ed anima l s  i n  exper iment 6 . 3  

Sour c e  o f  Var i at ion 

A .  Trea tment s  

B .  Age 

( i )  Linear 

( i i )  Quadratic  

( i i i )  Cubic 

I n teraction 

Treatments x Age 

Re s i dual mean square 

DF 

2 

3 

1 

1 
1 

6 

2 4  

Var iance 
Rat i o s  

2 . 0 3 

1 7 . 2 2 * * *  

1 1 . 5 7 * *  
0 . 0 1 

0 . 4 1 

6 0 . 5 0 

2 0 5 . 



b .  P o s t - GnRH 

Because pre-GnRH testo sterone l eve l s  i n  androgeni z ed 

anima l s  wer e  s o  high , a nd a l s o  because t here wa s no 

2 0 6 . 

con s i s ten t pattern o f  i ncreas ing testos terone concentra tions 

a f ter GnRH admi nistr at ion , to tal  testo s terone response data 

f rom the TP tre ated g roup wer e  not inc l uded in the s ta t i st ical 
ana ly s i s . 

P la sma t e s tos terone conc entrations increa sed rap idly 

fol lowing GnRH admin i s tration i n  a l l  non-androgen i z ed animal s .  

I n  the ana lys i s  o f  variance o f  total ho rmone respons e s  

s urgical treatment s d id not have any s ig n i f i cant e f f ec t . 

However the respons e s  recor ded f rom cryptorchids we re low 

compa red to those o f  entires and hemic a s tra tes  and thi s 

d i f ference j us t  f a i l ed to reach stat i st ical s ign i f icance 

( F ( l , 2 4 )  = 3 . 4 3 ,  0 . 0 5 <  P < 0 . 1 0 ) . 

Overa l l  mean t e s to s terone response s were high at  8 

we eks � 7 . 7 2 � 1 0 . 1 8 ng/ml . h� , but decl ined to 3 6 . 4 4 � 2 . 8 5 ng/ml . hr 
+ at 1 6  we eks and then sub sequent ly increased to 9 1 . 5 3 - 4 . 0 3 

ng/ml . hr at 3 2  week s .  Th i s  pattern o f  change s wa s 

re spon s ib l e  for  the s igni f i cant l inear ( P < 0 . 0 0 1 ) and 

quadratic ( P < 0 . 0 1 )  c omponent s of the overal l  e f f e c t s  o f  

age i n  the ana ly s i s  o f  variance o f  total  te s tos terone 

response data . 

( d )  Organ We ights 

( Tab l e s  6 . 1 6 and 6 . 1 7 )  

We ights o f  testes  and epididymide s from entires  

increased l inearly w i th age . Mean tes t icul a r  and epid idymal 
weights incre ased f rom 1 3 . 4 9� 0 . 2 9 g and 3 . 7 4 � 0 , 1 6  g at 

+ + 
8 weeks to 1 2 3 . 8 1 - 0 . 8 2 g and 1 5 . 4 8 - 0 . 0 8 g a t 3 2  wee k s ,  r e s -

pective l y . S imilar , but mor e  ma rked increa s e s  in we ights 
+ . + o f  remaining t e stes � rom 2 6 . 0 1 - 0 . 4 2 g to 1 8 6 . 6 6 - 0 . 9 8 g )  

and epid i dym i d e s  ( from 1 2 . 5 8� 0 . 1 8 g to 2 1 . 3 1� 0 . 5 3 g) were 

noted f rom hemic as trate s at thes e  age s . At each age these 

d i f f erenc e s  between organ we ights of entires and hem i c a s t ­

r a t e s  wer e  very highly sign i f ic ant ( table 6 . 1 7 ) .  I n  

contrast , the we ight s o f  c ryptorchid t e ste s ( 6 . 1 0 � 0 . 1 2 g at 

8 weeks and 6 . 9 6� 0 . 2 7 g at 3 2  week s )  and epididymides  



Age 
(Wks ) 

8 

1 6  

2 4  

TESTES 

+ 1 3 . 4 9- 0 . 2 9 

+ 3 4 . 4 1- 0 . 8 2 

+ 8 4 . 4 0- 0 . 1 2 

Table 6 . 1 6 :  Mean ( �SEM )  test icular and epididyma l we ights ( g )  and semi n i f erous 
tubular d i ameters ( STD -�m ) from expe r iment 6 . 3 . 

ENT I RE S 
E P I D I DYMI DE S  STD 

+ + 3 . 7 4 - 0 . 1 6 8 1 . 1 2 - 1 . 1 6 

+ ' + 6 . 6 0- 0 . 0 8 1 1 8 . 0 0 - 1 . 0 3 

1 0 . 2 0� 0 . 1 3 1 5 0 . 2 3� 0 . 7 1 

HEMI CASTRATES 
TESTES EP ID IDYMIDES 

+ + 2 6 . 0 1 - 0 . 4 2 1 2 . 5 8 - 0 . 1 8 

8 8 . 2 32: �_ . 5 8 

+ 1 4 7 . 9 6 - 1 . 5 2 

.I. 
2. 6 . 8 0 .:.. 0 . 4 0  

+ 1 7 . 7 4 - 0 . 0 9 

.J,. 

STD 

+ 9 0 . 8 6 - 0 . 7 1 

+ l 3 8  . 1 6 - 0 . 5 0  

1 6 5 . 8 6'!: 0 . 4 7 

TESTES 

6 . 1 o! o . 1 2 

+ 6 . 9 6 - 0 . 0 8 

7 . 2 32: 0 . 1 6  

CRYPTORCHIDS 
EPID IDYMIDES 

+ 2 . 3 4 - 0 . 0 5 

' + 3 . 5 5- 0 . 0 4 

+ 3 . 7 5 - 0 . 0 3 

+ + + 3 2  ' 1 2 3 . 8 1 - 0 . 8 2 1 5 . 4 8 - 0 . 0 8 1 7 2 . 1 8 - 0 . 15 1 8 6 . 6 6± 0 . 9 8 2 1 .  3 1 .:. 0 . 5 3  1 9 0  . 1 3 � 1 . 1 1 + 6 . 9 6 - 0 . 2 7 + 3 . 6 1 - 0 . 0 5 

---

STD 

5 4 . 5 1 2: 1 . 1 6 

+ 6 0 . 9 7 - 2 . 1 7 

6 1 . 8 7 ± 0 . 5 8 

+ 5 8 . 9 7 - 0 . 4 6  

!'V 
0 
" 



Table 6 . 1 7 :  Summary o f  �-test values and s ign i f icance leve l s  for te sticular and epididyma l 

we ights and semin i ferous tubul ar diameter s ( STD ) 

Age (wks ) 8 1 6  2 4  3 2  

t- test 
contrasts 

Te stes 1 0 . 5 8 ,  P < O . O O l 1 2 . 0 9 ,  P < O . O O l 1 3 0 . 7 9 ,  P < O . O O l  7 6 . 8 7 ,  P < O . O O l  
Entires vs 
Cryptorchids Epididymide s 8 . 2 3 ,  P < O . O O l  1 4 . 5 2 ,  P < O . O O l  2 1 . 5 0 ,  P < O . O O l  1 2 . 9 6 ,  P < O . O O l  
( 1 0 OF ) 

STD 9 . 8 5 ,  P < O . O O l  1 4 . 2 9 ,  P < O . O O l 5 0 . 2 0 ,  P < O . O O l 1 0 8 . 8 6 ,  P < O . O O l  

Testes 2 7 . 3 4 , P < 0 . 0 0 1  1 7 . 5 8 ,  P < 0 . 0 0 1  4 0 . 7 4 ,  P < 0 . 0 0 1 2 7 . 9 3 ,  P < 0 . 0 0 1 

Entires vs 
S econd organ Epididymides 1 8 . 4 1 ,  P < O . O O l  2 7 . 5 6 ,  P < O . O O l  1 6 . 7 5 ,  P < O . O O l 5 3 . 9 5 ,  P < 0 . 0 0 1  
o f  hemicast-
rate s ( 7  OF ) STD 5 .  8 0 ,  P < O . O O l  2 . 8 3 ,  P < 0 . 0 5 9 . 1 9 , P < O . O O l  1 7 . 0 9 ,  P < 0 . 0 0 1  

1\.J 
0 
00 
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+ + 
( 2 . 3 4 - 0 . 0 5 g at 8 week s  and 3 . 6 1 - 0 . 0 5 g at  3 2  week s ) ind icated 

that the s e  organ s d id not undergo any s i gn i f i c ant growth 

dur ing the per iod o f  s tudy and thus we ighed s igni f i cantly 

l e s s  than organs r ecovered from entires  and h emicastrat e s . 

S imi lar patterns o f  results were evident in the 

s emini f erous tubul a r  diameter data . Thus hemicastrates had 

s igni f i cantly greater semini ferous tubular  d i ame ters compared 

to the o the r two groups . The value s r ecorded from entires 
+ + 

increased f rom 8 1 . 1 2 - 1 . 1 6 � m  at 8 weeks  to 1 7 2 . 1 8 - 0 . 1 5 � m  at  

32  week s , whi l e  tho s e  f rom hemic astrate s increa sed from 
+ + d .  9 0 . 8 6 - 0 . 7 1 � m to 1 9 0 . 1 3  - 1 . 1 1 � m  at  the corre spon 1ng age s . 

However ,  no such increa se in  semini f erou s  tubu l ar d i ameter s 

was dete c ted from c ryptorch ids . For the se a n ima l s  the 

s emini ferous tubu lar d iameters at 8 weeks had a mean va lue 

of 5 4 . 5 1� 1 . 1 6 � m ,  whi l e  at 3 2  weeks the mean wa s 5 8 . 9 7� 

0 . 4 6 )J m .  Thus , the semini ferous tubular  d i ameter s recorded 

from cryptorchid s  were s ig n i f i cant l y  l e s s  than tho se o f  

age-mat ched contr o l  an ima l s . 

( e )  Qua l i tat ive H i s to logy 

( F i g ures  6 . 2 9 - 6 . 3 2 )  

As i l lustrated in f i gures 6 . 2 9 - 6 . 3 2 on pages  2 1 0  to 2 1 3  

i t  was e vident that te stic u l ar h i s to l og i c a l  c hanges  obs erved 
f rom ent i re s  and hemicastrates were e s sent ia l ly age-re l at ed 

and corre sponded we l l  with tho se d e s c r ibed in  Chapter 5 ;  

no further deta i l ed descr ipt ion wi l l  be given her e . At 

each age o f  samp l ing the h i s tologi c a l  pic ture of testes  

f rom entires  and hemicastrates was  very s im i l a r : al though 

semin i f e rous tubul ar diameters of the latter g roup wer e 

g reate r , the tubul e s  d id not contain .more mature spermato genic 

c e l l s  than s een i n  testes o f  entire s . Thus i t  wa s con c l uded 

t hat hem i ca strat ion did not cause an acce l e r a t ion in onset 

of  spermatogene s i s  and mature spermatozoa were ident i f ied 
in testi cul ar s amp l e s  o f  both groups a t  2 4  week s o f  age . 

I n  contrast , t he hi s tological c hange s observed in  

cryptorchid testes  wer e  minimal . At 8 weeks of  a ge mo s t  

tubul e s  had we l l  d e f ined l um ina and germ c e l l s  were a l l  

located i n  per ipheral po s i t ions . S upport ing c e l l s  had not 



F i g u r e 6 . 2 9 :  

( a )  E n t i r e  

P h o t om i c ro g r a ph s o f  t e s t e s  f rom 8 week 
o l d  r am s . Ma g n i f i c a t i o n  x 6 5 0 ; 
H a ema t o x y l i n a n d Eo s i n  s t a i n . S p e rma tog on i a  
( S G ) , a c t i v e l y  d i v i d i n g  s p e r�a togon i a  ( D S ) 

a n d  Ley d i g  c e l l s  ( L ) . 

( b )  Hem i c a s t r a te 

( c )  C ryptorc h i d  
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F i g u re 6 . 3 0 :  Pho tomi c r o g r aph s o f  t e s t e s  f rom 1 6  we e k  

( a )  En t i re 

o l d  r a m s . M a g n i f i c a t i on x 6 5 0 ; 
H a em a t o x y l i n a n d  Eo s i n  s t a i n . Spe rma togon i a  
( SG ) , d i v i d i n g  s p e rma togon i a  ( D S ) , 

spe rma t oc y t e s  ( SM ) , S e r to l i  c e l l s  ( S )  
and L e y d i g  c e l l s  ( L )  . 

( b )  Hemi c a s t r a t e  

( c )  C rypto r c h i d 
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F i g u r e  6 . 3 1 :  P h o t om i c r o g r a p h s  o f  t e s t e s  f rom 2 4  we e k  
o l d  r a m s . M a g n i f i c a t i o n  x 6 5 0 ; 

( a )  E n t i r e 

H a em a t oxy l i n  a n d Eo s i n  s t a i n . Spe rma t o g o n i a 
( S G ) , e l o n g a t e d  s p e rma t i d s  ( E S ) , 

s p e rm a to z o a  ( S P ) , S e r t o l i  ce l l s  ( S )  a n d  
Le y d i g  c e l l s  ( L )  . 

( b )  Hemi c a s t r a t e  

( c )  C r y p t o r c h i d  
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F i g u r e  6 . 3 2 :  

( a )  E n t i r e 

P h o t om i c r o g r a ph s  o f  t e s t e s  f r om 3 2  w e e k  
o l d  r a m s . M a g n i f i c a t i on x 6 5 0 ; 
H a e ma t o x y l i n  a n d  Eos i n  s t a i n . S p e r ma t o g o n i a  
( SG )  1 s p e r ma t o c y t e s  ( SM )  1 s pe rma t o z o a  ( S P )  I 

S e r t o l i  c e l l s  ( S )  1 a n d  Leyd i g  c e l l s  ( L )  . 

( b )  Hemi c a s t r a t e 

( c ) C rypt o r ch i d  



2 1 3  
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acquired adult  cel l shape . Ac tively dividing pro spermat­

ogoni a  were s een in mo st anima l s  and these ce l l s  we re located 

c lose to the basement membrane s . I nterstitial spaces were 

packed with Leyd ig c e l l s , but f ibrob l a s t s  and blood ve s s e l s  

a l so were pre sent . 

The h i s to logical  structure s  o f  cryptorchid t e s t e s  

recovered at 1 6 , 2 4  a n d  3 2  wee k s  o f  a g e  were ident ical  t o  

those s e e n  at  8 weeks . No spermatogen i c  ac t iv i ty was 

detected , n e i ther wer e spermatocyte s ,  spermatid s , nor 

mature spermatozoa seen in c ryptorc hid teste s . Mature 

Serto l i  c e l l s  wer e  very rare even at 3 2  weeks of age , whi l e  

the content o f  t h e  inter s t i t i a l  spac e s  a l so w a s  una f fected 

by age . 

4 .  D i s cu s s ion 

( a )  Ba s a l  Hormone Leve l s  

Data di scussed in thi s s ec t ion i s  that der ived from the 

longitud inal  study ,  ( experiment 6 . 1 ) mean hormone value s from 

experiment 6 . 2  and pre-GnRH con centrat ions o f  non-androgen­

i z ed l ambs f rom experiment 6 . 3 .  For animal s i n  each s urgical  

treatment g roup the gener a l  patterns o f  change i n  data for 

each ho rmone , and i n  each o f  the above expe rime nt s , wer e  
s imila r . 

( i )  LH a nd FSH 

Patte rns o f  change in basa l LH l evels recorded f r om 

ent ire anima l s  were s imilar  to t ho se recorded i n  previous 

researc h  wi th d eveloping ram l amb s ( C r im and G e schwind , 

l 9 7 2 a ; Lee  e t  a l . ,  1 9 7 6a ; Wi l s on and Lapwood , l 9 7 9 a ; Savoie 

et al . ,  1 9 7 9 ; Wa l ton et a l . ,  1 9 8 0 ;  experiment 5 . 1  of  thi s 

the s i s )  . 

H em i c a strat ion d id not r e s u l t  i n  any over a l l  c h ange in 

LH leve l s  i n  experiments 6 . 1  o r  6 . 2 ,  nor i n  basal l ev e l s  in 

exper iment 6 . 3 .  Thi s  observa t ion c oncurred with r e su l t s  o f  

experiment 5 . 2  and tho s e  o f  Wa l ton e t  al . ( 1 9 7 8 ;  1 9 8 0 ) . 

However , p l a sma FSH  concentra t io n s  r ecorded f rom the f ir s t  

two s amp 1 ings o f  experiment 6 . 1  ( a t  4 and 6 weeks o f  age ) 



were s ign i f i cantly e l evated compared to t hose o f  entire s . 

Wal ton e t  a l . , ( 1 9 7 8 ; 1 9 8 0 )  a l so r ecorded a tran s ient 

elevation of p l asma FSH  l eve l s  in hemi ca strated ram l amb s , 

and thi s pe r s i sted up to approx imately 1 0  weeks o f  age . 

2 1 5 . 

On the o ther hand , in a l l  three exper iments cryptorchid­

i sm resul ted i n  a marked e l evat ion of  basal  plasma c oncent rat ­

ions o f  LH and FSH . The se r e s u l t s  con curred with prev ious ly 
publ i shed r e s u l t s  f rom cryptorchid ram lambs ( Blanc and 

Terqui , 1 9 7 6 ;  Blanc et al . ,  1 9 7 8 ) , whi l e  elevated p l a sma 

l eve ls  o f  LH ( Hi l l a rd and B indon , 1 9 7 5 ) , and LH and F S H  

( Schanbacher and Ford , 1 9 7 7 )  have been detected in adu l t  

c ryptorchid rams . I n  puberta l bul l s  a rti f i c ia l ly i nduced 

crypto r ch i d i sm a l s o  has been noted to result in e l eva t ion o f  

LH and F S H  c oncentrations ( Schanba che r ,  1 9 7 8 ;  S chanbache r , 1 9 7 9  

a ) . By way o f  contra st , not only d id Lee et a l . ( 1 9 7 8 ) 

not detect any increase i n  p l a sma LH l eve ls  o f  cryptorchid 

ram l amb s , but a l so an e l evation of p l asma FSH content only 

occurred a fter 13  months o f  age . 

( i i )  P r o l a c t in 

Data f rom experiment s 6 . 1  and 6 . 2  indi cated that ne i ther 

hemi cas trat ion nor cryptorchid i sm had any s i gni f icant e f f ec t  

on p l a sma prol a c t i n  l eve l s . I t  appears that no prev ious 

data ha s been pub l i shed on the e f fects  of  these treatment s  

on p l a sma pro l a c t i n  l eve l s  i n  ram l amb s , nor i n  ma l e s  o f  

any other spec ie s . Al so it  i s  d i f f icult t o  imagine any 

phy s io l ogical b a s i s  by which e i ther hemica stration or 

cryptorchidism might a f fec t pro l a c t in sec retion . 

Mean pl asma pro lac t in l eve l s  r ecorded from ent ire s , 

hemi c a s trates and c ryptorchids c hanged in pha s e  with the 

length of d a i l y  photoper iod , as has  been recorded in previous 
research with spr ing born ram l ambs ( see page 4 7 , I ntrod uc t ion ) .  

In  contra st , Courot ( 1 9 7 4 ) a nd Ravaul t  ( 1 9 7 6 )  u s ing autumn 

born r am lamb s , showed that in winter mean p l a sma pro l a c t in 

l eve l s  were l ow and s teady apart from a d i st inct peak a t  

around 1 0 - 1 2  week s  o f  age ; subsequent ly values  inc r e a s ed 

with dai ly photoper iod . Tho s e  exper iment s  wer e  a imed at 



reveal i ng e f fects o f  age on p l a sma prol act in l eve l s ,  

un impeded by sea sonal i n f l uence s .  

I n  f urther re search on the po s s ib l e  role o f  prolactin 

dur ing s e xual maturation o f  ram lamb s , Ravault  et al . ( 1 9 7 7 )  

used 2 - Br - a -e rgoc rypt ine ( C B- 1 5 4 ) t reatment o f  l amb s born 

either in  spring or autumn . Low plasma prolact in level s ,  

which r e s u l ted from the treatment , did  no t a f fect LH , FSH 

2 1 6 . 

or testos terone concentrat ions , te s t i s  we ight s , nor the onset 

of  spermatogene s i s . Howeve r ,  wei ght s of semina l vesicles  and 

ve sicul a r  fructo se concent rations were s igni f i cant ly 

dimini shed in CB- � 5 4  t reated an ima l s .  Al so Howle s  et al . 

( 1 9 8 0 )  d emonstrated that deve loping ram l amb s , exposed 

either to constant long or  short photoperiod s ,  did  not 

experience any ma j or d i f ference in patterns o f  te sticu l ar 

growth , a l though the pro l ac t in leve l s  o f  the two groups 

were marked ly d i f fe rent . Thu s it appea r s  that prolactin 

probably has  only a mino r ro l e  in i n f l uenc ing reproduct ive 

deve lopment in ram lambs . 

( i i i )  T e sto ste rone 

B a s a l  plasma te stosterone l eve l s  o f  lambs in a l l  

three t reatme�t g roups increa sed w i t h  s exua l  ma turat ion . 

The se r e s u l t s  concurred w i th s imilar observa t ions made f rom 

ram l ambs in exper iment 5 . 1  and tho se reported by other 

worke r s  ( Crim and Geschwind , 1 9 7 2� ;  Courot , 1 9 7 4 ; Cotta 

et al . ,  1 9 7 5 ; Lee et al . ,  1 9 7 6� ;  Wi l son and Lapwood , 1 9 7 9�) . 

Hemicastration had no s ign i f i c ant e f f ec t  on plasma 

testo s te rone leve l s . Th i s  wa s evident from results  o f  

experiment s  6 . 1  and 6 . 2 ,  and also pre-GnRH p l a sma testo ster-
one concentrat ions o f  exper iment 6 . 3 . S imi l ar observat ion s 

were made in expe riments 5 . 2  and 5 . 3 ,  as we l l  a s  in previous 

research on testo sterone secretion in hemicastrated ram 

lambs ( Wa l ton e t  al . 1 9 7 8 ) , adult rams ( John son et a l . ,  

1 9 7 1 ) , bull  calves ( Barn e s  e t  al . ,  1 9 8 0�) and adu l t  bu l l s  

(John s on , 1 9 7 8 ; Leidl e t  a l . ,  1 9 8 0 ) . 

C ryptorchidism had no s igni f ic ant e f fect  on plasma 

testo s t e rone l eve l s  in e i ther exper iment 6 . 1  o r  6 . 2 ,  and 
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the se resul ts concur red with previou s l y  pub l i shed data f rom 

cryptorchid r am lamb s ( B lanc and Terqui , 1 9 7 6 ; Lee et al . ,  

1 9 7 8 )  and a du lt rams ( Schanbacher and Ford , 1 9 7 7 ) . However , 

in bu l l s  ( K e l laway e t  al . ,  1 9 7 1 ;  Bas s et a l . ,  1 9 7 6 ; 

Schanbacher , 1 9 7 8 )  and sta l l ions ( Cox et al . ,  1 9 7 3 ;  Gan j am 

and Kenny , 1 9 7 5 )  cryptorchi d i sm a lways ha s been reported to 

be assoc i at ed with a r educ t i on i n  plasma te sto sterone 

level s . 

( b )  Pul s a t i l e  Hormone Re l e a s e  

Dur i ng the 4 h r  acute pro f i l e  s t udies pu l sa t i l e  secretory 

pa ttern s  wer e  c l early ev ident for LH , prolac t i n  and te s to s t ­

erone , b u t  l e s s  s o  f o r  FSH . 

As i n  chapter 5 ,  t e s to s terone peaks gener a l ly were 

preceded by LH peaks in a l l  three groups , but bot h  entires 

and hem i c a s trates s howed some spontaneous te s to s terone 
spikes wh i c h  were not a s soc iated with eleva t ions of plasma 

LH leve l s . Howeve r ,  with the � hourly samp l ing s chedule 
ther e wa s a d i st inct po s s i b i l ity  that some gonadotrophin 

peaks may no t have been detected . In  contrast  c ryptorchid-
i sm r e s u l ted i n  an incr e a s e  i n  number of  LH peak s , compared 

to tho s e  recor ded f rom e n t i r e s  and hemica strate s ,  and a l so 

a reduction i n  numbe r o f  t e s to s terone eleva tions wh ich 

fol lowed LH peaks : for a total o f  5 5  LH peak s only 1 8  

te sto s terone e l evation s were noted . However , the rea son s 

for t h i s  d i f ference rema i n  obscur e . The increase i n  LH 

peak s may have resul ted f rom increased pitui tary LH relea s e  

occurr ing under conditions  o f  r educed negative f e edbac k 

e f fe c t s  f rom t e sticular androg en s . On the o ther hand the 

decre a s e  in testosterone peaks may wel l  have been due to a 

r educt ion i n  androgenic s e c re tory capac ity o f  c ryptorchid 

t e s te s , r e s u l t ing from d i s ruption o f  steroidogenic en z yme s 

(Van S traaten e t  a l . ,  1 9 7 8) and/or depl e t i o n  o f  LH 

receptor s in the cryptorchid  t e stes ( down - r egul at ion o f  

receptor s - Gal lo , 1 9 8 0 )  a s  a result o f  b e i n g  expo sed to 

c on t inuo u s l y  e l evated LH l e ve l s . 

The s u rg i c a l  treatment s had no e f fect  o n  number o f  

peak s i n  p l a sma F S H  l eve l s, a l t hough the e p i sod i c  f luctuat i o n s  



i n  plasma F S H  l eve l s  we re l e s s  marked than tho s e  obs e rved 

for LH . L i kewi se , neither hemi castrat i on nor cryptorch i d i sm 

had any e f fect  on pu l satile secret ion o f  prolact in . There 

appears to  have been no report s in the l i terature on the 

e f fects o f  these t re atments in  i n f luenc ing the acute pattern 

of secre t io n  o f  e i ther FSH or  pro l actin . 

( c )  Pre-Gn RH Ho rmone Leve l s  i n  Androgeni sed Lambs 

Pre-GnRH LH leve l s  in a l l  TP t reated anima l s  were 

s ignifi c ant l y  reduc ed compared to tho s e  in untreated 

an imal s ,  a t  a l l  age s and in a l l  t hree surgical  tre atment 

groups . The s e  r e s u l t s  rat i f i ed t ho se o f  Crim and G e schwind 

( 1 9 7 2�) , Hopk inson et al . ( 1 9 7 4 ) , G a l l oway and P e l letier  

( 1 9 7 5 ) , P e l l e t i e r  ( 1 9 7 6 ) and  Schanbacher ( 1 9 8 0�) , a l l  of  

whom showe d that  exogenou s t e s to s te rone inj ect ion reduced 

basal LH l eve l s  in  ent i re s  and wether s .  In contras t , the 

reduction in ba s a l  LH leve l s  of c ryptorchid ram l ambs in 

the pre sent study d i f fered f rom r e s u l t s  pub l i shed by Schan­

bache r and Ford ( 1 9 7 7 ) . I n  the l atter  study , only i n j ected 

oe strogens , but not testos te rone propionate o r  d i hydrotest­

o sterone , had any e f fect on basal  LH l evels  of  c ryptorchids . 

However ,  t h i s  d i sc repancy in  r e su l t s  may have ar i sen from 

the fact t hat a hi gher do se rate o f  TP wa s u t i l i sed in the 

pre sent s t udy ( 1  mg/kg body we ight vs  tota l do se o f  2 5  mg ) . 
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P re -GnRH FSH  leve l s  a l s o  were reduced by exogenous 

testo s t e rone , at a l l  age s and in a l l  three trea tment group s . 

However ,  the degree of  s ec retory i nh ibition was much l e s s  than 

that recorded for LH and a l so varied in extent between age s , 

and between individual anima l s . S imilar animal -to-an imal 

variations in degree o f  inhib i t io n  o f  FSH s e c re t ion have 

been reported fol lowing t reatment o f  rams w i th exogenous 

testos terone ( Hopk inson e t  a l . , 1 9 7 4 ) . 

Decre a s e s  in  FSH l eve l s  observed in the pre sent 

exper iment may have been due to  pharmaco log i c a l  e f fects  o f  

testo s te rone , rather than t o  phy s iological  e f f e c t s , bec ause 
plasma t e s to sterone l eve l s  in exc e s s  of 17 ng/ml were 

recorded f rom these anima l s .  Such leve l s  are  we l l  in exce s s  

o f  the usual  phy s iological  rang e : plasma t e stosterone l eve l s  

in  deve loping Romney ram l ambs have been reported t o  be 



below 7 ng/ml (Wi l son and Lapwood , 1 9 7 9 a ) . However , in  

experiments where replacement te sto s terone treatment s have 

been des igned to mimic physiological  leve l s , e i ther by long 

term treatment w i th sma l ler testo s te rone doses ( C r im and 

Geschwind , 1 9 7 2 a ) , or  by the use of impl anted s i l a s t i c  

capsules conta i n ing cry stall ine t e s to sterone ( Schanba cher 

, 1 9 8 0b ) , inhibi tion of both LH and FSH l eve l s  ha s 

been reported . Neverthe le s s , the e xtent to which cons tant 

pla sma testos terone leve l s  resemb l e  the physiological 

s i tuat ion is  unknown . For example , Re sko et al . ( 1 9 7 7 ) 

were unabl e to  s uppr e s s  LH and FSH in castrated ma l e  

monkeys wi th t e s tos terone c apsul e s  a lone , whereas P l ant 
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et a l . ( 1 9 7 8 ) were succe s s ful  when they suppl emented capsu l e s  

with pul sat i l e  ( inj ected ) testo sterone . 

( d ) Respons e s  to GnRH 

( i )  Non- androgen i s ed lamb s 

a .  LH and FSH  

In all  anima l s  LH and F S H  r e l ease fo l lowed inj ect ion o f  

GnRH , the LH respons e s  being mor e  rapid and dramatic than 

tho se for F S H . The se patterns of gonadotrophin re s pon se 

were s imi l ar to tho se recorded in  res earch with ram lambs 

( Lee et a l . ,  1 9 7 6b ; Wi l son and Lapwood , 1 9 7 9b )  and adult 

rams ( Hopk i nson e t  a l . ,  1 9 7 4 ; Lee et al . ,  1 9 7 6b ;  Linco ln , 

1 9 7 8 ; 1 9 7 9 a ) . 

Gonado troph in sec retory re spons e s  to adminis trat ion o f  

GnRH gene r a l l y  c on f i rmed pr ev ious  observat ions made i n  

experiments 6 . 1  and 6 . 2 that c r yptorchid i sm ,  but not 

hemicastrat ion cau s ed s i gn i f i cant i ncrea s e s  in  gonadotroph in 

sec ret ion . Exagg erated plasma LH and FSH r e spons e s  have 

previo u s l y  been r epor ted f o l lowing GnRH adm i n i s tration to 

cryptorchid rams ( Lee et a l . ,  1 9 7 9 ;  1 9 8 0 )  and bul l s  

( Schanbacher , 1 9 7 9a ) . 

D i f ference s between LH r e spons e s  r e corded f rom ent ires  
and hemi castra t e s  d i d  no t reach s igni f icant leve l s , a l t hough 

the total LH re sponses  recorded f rom hemicastrat e s  t ended 

to be h i gher than those of entires . Howeve r , t he s e  r e s u l t s  
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did not agree w i th LH r e sponse data r ecorded f rom ent i r e s  

and hemicastra t e s  ( exper iment 5 . 3 ) , 1 n  whi ch c ase hemicast­

rate s  had  s i gn i f i cant ly higher ove ra l l  total  LH  r e spon se s .  

Thi s d i screpanc y  in r e s u l t s  probably aro s e  be cause the po s t ­

ope rat ive t ime period , between hemicast rat ion and the GnRH 
respon se study was only 4 weeks in exper iment 5 . 3 ,  compared 

to the 6 ,  1 4 , 2 2  or 3 0  week time lapses in experiment 6 . 3 .  

Evidence in f avour o f  t ha t  concept wa s provided by data 

pub l i shed by Wa lton et al . ( 1 9 8 0 ) . In the ir exper iment 

hemica strations were pe r formed at one week of age and GnRH 

responses wer e  examined at 1 0 , 1 3  and 1 8  we ek s . Al though 

hemi c astrated lambs tended to ' have higher LH re spon s e s  than 

entire s ,  the d i f ference wa s not statist ically sign i f i cant . 

Total LH re spons e s  o f  anima l s  in a l l three tre atment 

groups decr e a s ed l inear ly wi th age and s imi lar  e f f e c t s  o f  

age have been observed in GnRH respon se dat a f rom deve l oping 

ram lamb s (Wil son and Lapwood , 1 9 7 9�) but apparent ly no 

data regardi ng age e f fects  on LH responses has been pub l i sh­

ed for hemi c a s trated o r  cryptorchid r am lambs . 

In contrast maxima l tot al FSH  re sponses were recorded 

in all three trea tment group s at 2 4  weeks of age . That 

obs e rvation co inc ided we l l  with relat ively higher p l a sma 

FSH l eve l s  observed in  a l l  t hree groups at 2 4  week s ,  in 

both exper iments 6 . 1  and 6 . 2 . The se data ind icated a 

divergenc e with age in  LH and FSH  re sponses to e xogenou s 

GnRH . 

Never thele s s , d ivergence s  between LH and FSH re spon ses  

to GnRH have been r eported previous l y  for ram l amb s ( Lee 

et al . , 1 9 7 6b )  and a l so adu l t  rams ( L inco l n , 1 9 7 8 ; 1 9 7 � ) . 

Androgens and/or inhibin may have been respon s ible  for 

these dive rgent re sponses . The po s s ibil ity of  an in f luence 

of inhibin was s uggested by the fact that t he d i f f e rence 
in  gonadotroph ic re sponses  was greatest in  c ryptorchid s ,  

in whi ch the product ion o f  inhibin may be impaired ( Bl anc 

and Terq u i , 1 9 7 6 ) . Interac t ions at the pituitary l evel , 

between i nh ibin and androgen s ,  may a l so have been a contr ib­

uting f a c tor . However ,  as yet it has  no t b een demonstrated 
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convinc ing ly that testosterone or inhibin a f fect pituitary 

respon s ivene s s  to GnRH d i rectly in r am l ambs or in a dul t s . 

Other po s s ible  reasons for thi s d i f f erence in LH and FSH 

respo n s e s  inc lude intrinsic  d i f ferences in the secretory 

mechan i sm o f  t he anterior p itui tary gonadotroph s ,  compounded 

by the slower c learance rate o f  FSH f rom the blood (Linco l n  

1 9 7 9a ) . 

b .  Te stosterone 

P l a sma testos terone l eve l s  increased fol lowing GnRH 

inj e ct ion in entire s , hemi castrat e s  and c ryptorchid s .  Lack 

of any s igni f i cant di f fe rence in the tota l testosterone 

re spon s e s  o f  ent ires and hemicastrates  indicated that the 

rema in ing teste s  of hemi castrat e s  were capabl e  o f  secret ing 

a s  much androgen a s  the two te ste s o f  enti re s ; s imi l ar 

results  were recorded f rom hemi ca strate and entire  ram 
lamb s in e xper iment 5 . 3 .  I n  contrast cryptorchid s tended 

to have reduced te stos terone re spon s e s  compared to the 

other two groups , al though that d i f f e rence j u st fai l ed to 

reach s t at i stical s ign i f i cance . S im i l a rly reduced androgen 

re spon s e s  have been recorded f rom adult cryptorchid rams 

( Lee et a l . ,  1 9 7 9 ; 1 9 8 0 ;  S chanba che r , 1 9 8 0 a ) and bul l s  

( Schanbacher , 1 9 7 9 a )  fol lowing GnRH inj ect ion . 

Tot a l  testos terone re spon s e s  increased with age in 

entire s ,  hemicas trate s and cryptorchids . The se obs ervat ions 

were in  a c cordance with s imilar  r e s u l t s  reported from 

enti re ram l ambs ( Lee et al . ,  1 9 7 6b ;  Wi l son and Lapwood , 

1 9 7 9 b )  and h�i ca strates ( expe r iment 5 . 3 ) , but no comparable  

research ha s been pub l i shed for  c ryptorchid ram lambs . 

Thi s  observation adds further we ight to the concept that 

Leydig c e l l s  o f  c ryptorchids sec rete androgens at the i r  

max imum c apac i ty ( S chanbacher and Ford , 1 9 7 7 ; Schanbacher , 

1 9 8 0a ) . Hype r s ecret ion by t he ex i s ting Leyd ig c e l l s , 

rather t han new LH receptor deve l opment may have been 

re spon s ib l e  for the increase in t e s tosterone l eve l s , s ince 

there wa s no apparent increa s e  in  testicular weights o f  

cryptorchids in  the pre sent s t udy nor i n  that o f  Skinner 

and Rowson ( 1 9 6 8� ) .  Observa t ions on ultra - st ructura l 



change s in organe l l e s  o f  Leydig c e l l s  f rom cryptorchid 

rat testes also f avour thi s concept ( Kerr e t  al . ,  l 9 7 9 a ) . 

( i i )  Androge n i s e d  l amb s 

GnRH inj e ct ion caused increa s e s  in plasma LH and FSH  

leve l s  in a l l  t e s to sterone pre -t reated an imal s ,  but  total  
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and peak re spon s e s  for both LH and FSH  were sma l l e r  than in 

non-androgenised anima l s .  S imi l ar reduct ions i n  gonadot ro­

phin r e sponses  to  GnRH i n  rams and we thers pre-treated with 

testosterone , have been reported ( Hopk in son e t  a l . ,  1 9 7 4 ; 

Gal loway and P e l l e t ie r ,  1 9 7 5 ; P e l l e t i er , 1 9 7 6 ) , bu t the re i s  

no comparable p ub l i shed data for hemi castrat e s  or  cryptorchi d s . 

( e )  Organ We i ght Dat a 

( i )  Ent ires 

Te st icul a r  and ep ididymal we ight data obtained at  8 ,  

1 6 , 2 4  and 3 2  weeks  o f  age clearly indicated t hat the se 

organ s underwent norma l growth , a s  described i n  the 

previ ous chapte r . 

( i i )  Hemi cas trates  

Remaining testes  and epididymide s recove red f rom 

hemicastrat e s  in the pre sent exper iment wer e  s i gn i f i c ant l y  

heavier than o rgans recovered f rom age -matched control  

ent i re s . These r e s u l t s  con f irmed the observat ion s made 

in chapte r  5 o f  thi s the s i s  a nd a l so corrobo r ated s imi l ar 

re search reported previously f rom hemi cast rated r am l amb s 

( Renfro and Dutt , 1 9 7 0 ; Land and C arr , 1 9 7 5 ;  Rie sen et a l . ,  

1 9 7 7 ; Walton e t  a l . ,  1 9 7 8 ; 1 9 8 0 ;  de Revier s et a l . ,  1 9 8 0 ) . 

Semini ferous t ubul ar diameters  o f  the rema in ing t e s t e s  

recovered f rom hemi castrat e s  a l so showed compen satory 

enl argement , a s  descr ibed i n  c hapte� 5 .  

( i i i )  C ryptorchid s  

Not o n l y  were testes and epididymide s f rom c ryptorchids  

s igni f icantly l i ghter than t ho se of  age -matched contro l s ,  

but the i r  weight s  showed no increase with age . Among 

s imilar r e s u l t s  reported in the past wer e  t ho se o f  Sk inner 

and Rowson ( 1 9 6 8�) who worked with uni l at e r a l  c ryptorchid 



ram l ambs and c a lve s . Al so Hochereau-de Reviers et a l . 

( 1 9 7 9 )  noted a drastic decrease in we ight s of testes and 

epididymide s in ram l ambs made cryptorchid at 1 5  week s o f  

age and recovered 1 2  months l ater . 
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Lack o f  any s igni f i cant increase in semin i ferous 

tubular diame t e r s  in cryptorchid testes in the pre sent study 

a l so con f i rmed resvl t s  of s imi l ar previous report s ( S kinner 

and Rowson , 1 9 6 8b ;  Hochereau-de Rev i e r s  e t  al . ,  1 9 7 9 ) . 

( f )  Qual itat ive Te st icular H i sto logy 

The qual itative hi stolog i ca l  changes in test icular 

samples  recovered from ent ires and hem i c astrat e s  we re ent i re ­
ly age-re lated and s im i l ar t o  tho s e  reported and d i scus sed 

more fu l l y  in chapter 5 o f thi s t he s i s . No further 

d i s c u s s io n  i s  warranted . 

Hi stological  change s detected in c ryptorchid testes  in 

the present study were s imil ar to tho s e  reported by Skinner 

and Rowson ( 1 9 6 8b ) . The absence of spermatogen ic act ivity 

in cryptor c h id testes  c learly indi cated that intra-abdominal 

temperat ure was detr imental to mo st cel lular e l ement s of 

the spermatogenic cycl e . Howeve r , gonocyt e s  and pro sperm­

atogon ia were more r e s i st ant to e l evated temperatures ; 

that ob s e rvat ion agreed wi th s im i l a r  reports from rams 

( Waites and Ortavant , 1 9 6 8 )  and bul l s  ( Ke l l away et a l . ,  

1 9 7 1 ) . The fact that e l evated t emperature wa s the ma j o r  

factor detrimental t o  element s o f  the spermatogenic cyc l e  

was c le a r l y  e s tabl i shed i n  recent research b y  Frankenhu i s  

and Wen s ing ( 1 9 7 9 )  who demon strated that art i f ic i a l  coo l ing 
o f  cryptorchid testes  in boa r s  re sulted in induct ion o f  

norma l spermatogene s i s . 

Re search invo l ving more prec i se h i stological  analyt ical 

method s  and spec i f i c  enzyme staining technique s (Van 

Straaten et a l . ,  1 9 7 8 ; Hochereau-de Reviers e t  al . ,  1 9 7 9 )  

has shown that cryptorchidi sm c aused a reduc t ion in 

vol ume (Van Straaten and Wen s ing , 1 9 7 7�) and number/te s t i s  
o f  Leydi g  ce l l s  ( Ho chereau-de Reviers  e t  a l . ,  1 9 7 9 ) . 

Decrea se s i n  act ivity o f  enzyme s involved i n  stero idogene s i s  



( 3 S-hydroxystero id dehydrogenase and 1 7 S -hydroxysteroid 

dehydrogenase ) i n  Leydi g  ce l l s  of cryptorchid boar testes  

a l so were reported by Van Straaten e t  a l . ,  1 9 7 8 . 

The se ob servat ions wer e  c ompat ible with the concept that 

cryptorchidism causes a decrease in e f fic iency of Leyd ig 

cell androgen s e cretio n ; this  only became evident in 
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Leyd ig cell  s t imu lation ( GnRH re spon s e ) studies  ( Lee et al . ,  

1 9 7 9 ;  1 9 8 0 ; S c hanbacher , 1 9 8 0a ;  exper iment 6 . 3 ) , but not 
1n l ong itudina l hormone ( Lee et al . ,  1 9 7 8 ;  exper iment 6 . 1 ) 

or acute pro f i l e  secret ion ( Schanbacher and Ford , 1 9 7 7 ; 

experiment 6 . 2 ) s tudie s .  

C ryptorchidism a l so caused a reduct ion in numbe r  o f  

Serto l i  cel l s  wh en the t reatment wa s induced i n  younger 

anima l s , but not in adu l t s  ( Hochereau-de Rev i e r s  et a l . ,  

1 9 7 9 ) . The immatur ity and pauc ity o f  Serto l i  c e l l s  in 

cryptorchid testes  o f  the pre sent study , in wh i ch ram s  wer e  

made cryptorchid at 2 we eks o f  age , concurred w i t h  t h e  above 
obse rvat ions and tho s e  of Sk inner and Rowson ( 1 9 6 8b ) . 

( g )  Endocr ine Sequelae to S urg ica l Treatment s 

( i )  Endo cr i ne bas i s  o f  compensatory testic ular hypertrophy 

As yet the ho rmo na l mechani sms respo n s i bl e  for 

compens ato ry t e s t i c ul ar hypertrophy in hemicas trates are 

not fully  under s too d . However ,  f o l l owing hemi castrat ion in 

early l i f e , r am l ambs gener a l ly expe r ience increased pl a sma 

conce ntrat ion s o f  LH and F S H  ( Land and Carr , 1 9 7 5 ; Wa l ton 

et al . ,  1 9 7 8 ; 1 9 8 0 ) . However , mean LH leve l s  in the long­

i tudina l , acute pro f i l e  and pre- GnRH sampl ings ( o f  

expe riments  6 . 1 ,  6 . 2  and 6 . 3 , re spective ly ) were not 

s igni f i c antly increased a fter hemica stration . Wh i l e  that 

was so , LH c on centrations recorded from hemi castrate s in 

the pre s ent exper iment s , i n c l ud ing tho s e  descr ibed in 

chapt e r s  4 and 5 ,  were c o n s i s t ently , even tho ugh non­

s i gni f ic antly i n cr eased . Also  the LH respons iven e s s  o f  

hemi c a s t rates was s igni f ican t l y  greater t han that o f  

enti re s i n  exper iment 5 . 3 ,  however , a s im i l ar t r end in 

post-GnRH response s in e xper iment 6 . 3  was no t s ignif i cant . 
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By way of  contrast FSH  secre t i on tended to be increa sed 

a s  a result  of hemicast rat ion , al though this increase i n  

FSH leve l s  wa s stat i s t i ca l l y  s i gni f icant only at  the f i r s t  

two s ampl ings o f  the longitudinal study ( exper iment 6 . 1 ) . 

Probabl y , the increase in plasma FSH  l eve l s  at that stage 

wa s a ma j or factor in init iation of the compensato ry 

hypert rophy o f  the remaining teste s . S imi l ar tran s ient 

increases  in p l a sma FSH l eve l s  have been r ecorded from 

hemica strated ram l amb s ( Wal ton e t  a l . ,  1 9 7 8 ; 1 9 8 0 ) . 

P re s umabl y  t he rema ining t e s t e s  subsequent ly produced 

suf f i cient amount s of  f eedback regu l ator ( inhibin ) to 

reduce FSH secret ion back to norma l l eve l s .  The incre a se 

in inhibin product ion may have been achieved e i ther by 

hype rsecre t i on o f  existing Serto l i  c e l l s  or an increa s e  1n 

Serto l i  c e l l  n umbe rs/t e st i s , wh ich fo l lowed hemica strat ion 

( de Reviers et a l . ,  1 9 8 0 ) . Perhaps  the cont i nuou s  e l evation 

of pl a sma FSH l eve l s  observed in h emicastration exper iment s 

with adu l t  rams ( Walton et a l . ,  1 9 7 8 )  and bul l s  ( Le id l  et al . ,  

1 9 8 0 )  re s u l ted from i nadequate i nh ibin production by the 

Serto l i  c el l s , s ince Sertol i c e l l s  do not undergo mito s i s  

i n  adult anima l s  ( Hochereau-de Reviers  and Courot , 1 9 7 8 ) . 

Thus it  i s  appropr iate to conc l ude that fo l low ing hemicast­
ration o f  ram l amb s the feedback regulatory mecha n i sm ( s )  

contro l l ing FSH secretion ( inhibin ) appear to adapt at a 

s lower rate than tha t regu l at ing LH ( androg en s ) . 

The pos s ib i l ity of  compensatory hypertrophy o f  the 

remaining testes o ccurring part ly a s  a r e s u l t  o f  local  

act ion s o f  androgens can no t be exc l uded and this  concept 

wa s d i s c u s sed o n  page 1 1 7  o f  chapter 4 ,  part icularly  in 

relation to hypertrophy of epididymide s o f  hemi c a strate s .  

In addi tion , the endocr i ne data pre sented above s ugg e s t s  

that gonadotrophins a l so may b e  involved in caus ing 

compensatory hypertrophy of the remain ing t e s t e s . 

( i i )  Endocrine con sequenc e s  o f  c ryptorchid i sm 

Mean hormona l concentrat ions obtained f rom exper imen t s  

6 . 1 ,  6 . 2  a n d  pre-GnRH hormone l eve ls  ( expe r iment 6 . 3 ) 

clearly i nd icated that thi s t r ea tment resulted  in marked 

- .  



e levat ion of p l a sma gonadotrophi n  l eve l s . 

As discus sed on pages  2 15 o f  thi s chapter the ma j or 

rea son for e l evat ion o f  FSH  probab l y  was a disrupt ion in 

production o f  FSH  negat ive feedba c k  regulator ( inhibin ) .  
� r  

However , as mentioned o n  page 2 3 9 o f  chapter 7 ,  one ma j or 
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hand icap of t he p resent study wa s the unavailabil ity o f  an 

a s s ay method to determine plasma inhibin leve l s . Neverthe l e s s , 

othe r re search worke r s  ( Kerr et a l . , 1 9 7 9�;  1 9 7 9�; 

AurnU l ler et a l . ,  1 9 8 0 )  who used t he same surgical treatment 

in ma l e  rat s recorded e levated p l a sma FSH leve l s  and a 

decrease in ABP product ion by S e rto l i  c e l l s . They c l aimed 

tha t the l atter  obs ervat ion indicated a decre ase in Serto l i  

c e l l  funct ion . Further evidence i n  favour o f  a l terations 

i n  Sertol i c e l l  metabo l i sm come s f rom ul tra structural 

studies of Sertoli  ce l l s  and p l a sma hormone l eve l s  o f  

c ryptorchid r a t s  (Aurnul l er e t  a l . ,  1 9 8 0 ; Damber and Bergh , 

1 9 8 0 ) . In  addition to changes  i n  amounts o f  endopl a smic 
reticulum ,  e l evat ion of plasma o e s t r ad iol content wa s noted , 

which they c l a imed to indicate a l t e rations in the metabo l i sm 

o f  Serto l i  c e l l s . This concept i s  f urther d i s cu s sed on 

page 2 41 o f  chapter 7 .  

Pre- GnRH gonadot rophin leve l s  ( androgen i sed ) and 

decreased t e s to sterone re sponse data from ( non- androgeni sed ) 

cryptor chid an ima l s  tended to ind i cate that the ma j o r r eason 

for e levation of  p l a sma LH l eve l s  wa s hypoandrogeni sm 
( see page 2 1 8  of thi s chapte r ) . 

However , one a spect tha t was not con sidered in thi s 

exper ime nt wa s the feedback e f fe c t s  of  inhibin on p l a sma 

LH leve l s . There has . been one report on the e f fects  o f  

inhibin preparation s  i n  l owering pl a sma L H  l eve l s  in 

c ryptorchid rams ( B lanc e t  a l . ,  1 9 7 8 ) . 

The t e s ticular data from t he present exper iment added 

we ight to the c on cept that hemi castration c au s e s  compensatory 

hyper trophy of  t he remain ing t e s t e s  of  ram lamb s , but had 

no i n f luence on the t ime of onset of spermatogene s i s . 

Despite the d i f f erenc e s  i n  po s t-operat ive t ime l ap s e s  



be fore sampl ing an ima ls  i n  exper iments 5 and 6 ,  s im i l a r  

genera l pattern s  o f  ho rmonal and o rgan data w e r e  reco rded 

from h emicastrate l amb s in tho se two expe riments . The 

trend to immed i at e  po st-operat ive increases in plasma F S H  

leve l s  in hemi cas t rate s indi cated that this ho rmone p l ay s  

2 2 7 . 

a ma j or role i n  mediating c ompensatory testicular hypertrophy . 

On the other hand cryptorchidi sm r e s u l ted in complete 
arre s t  of maturat ional chang e s  of t he teste s , as we l l  as 

di srupt ion of androgen ( and inhibin ) product ion . 



CHAPTER V I I  

GENERAL D I SCUS S ION AND CONCLUS IONS 

P uberty i s  a pha se in the devel opment o f  an ind iv i dual  

during which i t  is  trans formed from a s tate o f  sexual 

imma turity to one of matur ity ; acqu i s it ion o f  that c apac ity 

for gamete product ion occurs at a spe c i fic stage in growth 

which i s  char acter i st i c  o f  each spe c i e s  (L eva s seur , 1 9 7 7 ) . 

Mechan i sms that have been sugge sted t o  be respon s ible for 
init i a t ion o f  puber tal  proce s s e s  were s ummari sed on pages  5 2  

to 5 5  o f  this  the s i s . 

Experiments  de scr ibed in this  the s i s  wer e  d e s igned a s  

an i nve stigat ion o f  the normal course o f  pube rtal maturation 

in bo ar s and rams , and a l so as a s t udy o f  hypothalamo ­
pit u i t ary-te s t i c ul ar hormonal intera c t ions dur ing the po s t ­

nat a l  period o f  sexual devel opment . Three approaches were 

adopted in inve s t igat i on s  o f  reproduct ive ho rmone sec r et ion : 
lon g i tud inal s tud ies  o f  hormone outpu t , acute secret ion 

pro f i l e  s tud ie s , and studies of p itui tary and s ubsequent 

gon adal re spon s ivene s s  to GnRH . In  add ition , the surgical  

treatments hemicastrat ion and cryptorchidism were employed , 

s ince these are accepted techn iqu e s  u sed for a l ter ing the 

inte ractions between androgens and gonado trophins in the 

ma l e . 

( a )  Longi tud i nal Hormone Secret ion Patterns 

( i }  Boars 
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Experiment 3 uti l i zed a weekly sampl ing schedu l e , started 

with day o ld animal s ,  and wa s de s igned to a ugment i n format ion 

from previo u s  s tud i e s  i n  thi s l abora tory ( F l orCruz and 

Lapwood , 1 9 7 8 ) . By replicat ing the s tudy over two s e a son s , 

an attempt wa s a l so made to eva l ua t e  effects  o f  birth sea son 

on LH and t e s to sterone produc t ion , and on sexual deve lopment 

in young boar s .  The i n f l uenc e o f  the gonad s on LH secretion 

wa s examined by mon i to r ing hormone pro f i l e s  i n  a group o f  



castrate s . 

The general pattern o f  hormone s ecret ion was s imi l a r  

to that obs erved b y  FlorCruz and Lapwood ( 1 9 7 8 ) , except 

tha t the prepubertal LH peak recorded from spring born boa r s  

wa s l e s s  prominent i n  t h e  pre sent study . Sea son o f  b i rth , 

the e f fects  o f  which apparently have not been examined 

previou s l y , did not have any sign i f i cant influence on LH or  

testo s te rone secretion . Earl ier sexual maturation has  been 

reported to result  from provi sion o f  s upp lemental l i gh t ing 

dur ing natura l l y  occurring short days (Mahone et al . ,  1 9 7 9 ; 

Berger e t  al . ,  1 9 8 0 ) , but these reports  made no reference 

to hormonal change s . 

P l a sma LH l evels recorded f rom castrate s were e l evated 

throughout the s t udy , whereas tho s e  of enti r e s  dec l ined to 

low l eve l s  by the fourth postnatal week . Thi s long i tudinal 

pa ttern of  hormone secret ion indicated the development of  
hypothal amo-hypophyseal sensitivity to feedback e f f e c t s  o f  

testo s terone b y  the 4th week o f  age , a s  noted in ear l i e r  

reports ( Ford a n d  Schanbacher , 1 9 7 7 ;  El sae s s er e t  a l . , 1 9 7 8 ) . 

In a recent paper Col enbrander et al . ( 1 9 8 0 )  pre sented 

data on the longitudinal changes in FSH leve l s  in developing 

boar s .  Leve l s  were relatively high during the f i r s t  2 weeks 

o f  the postpa rtum per iod ( 5 1 . 4 � 1 2 . 6  ng/ml ) ,  then dec l ined 

duri ng the fol lowing 7 to 10 weeks to 7 . 3 2 � 0 . 4 7 ng/ml . 
Tha t pattern o f  change i s  s imi l a r  to tho se which genera l l y  

have been r ecorded for p l a sma L H  l eve l s  during the neonatal 

period in boa r s  ( Col enbrander et al . ,  1 9 7 7 ; exper imen t s  3 . 1  

and 3 . 2 ) . However , the rel iab i l ity of thi s in formation on 

FSH has yet to be s ubs tantiated , partly because o f  the c lo se 
coinc idence o f  LH and FSH  secretory pattern s ;  a l so because 

deta i l s  o f  va l i dat ion of the F SH a s say have not been pub l i shed 

and no comparable  por c i ne FSH data has been pub l i shed 

from other l aboratorie s . Whi l e  these reservat ions may 

prove unfounde d , it i s  pertinent to note , for examp l e , that 

s imi lar coinc idence of pl asma LH and FSH l eve l s  was not 

evident in matur ing ram l ambs ( e . g .  Lee  e t  al . ,  l 9 7 6b ;  and 

experiment 6 . 1 ) . The o ther doubt s may we l l  be nul l i f i e d  upon 

formal publ icat ion o f  the Dutch re search a nd on publ i cat ion 
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of s im i l a r  research from other institutions . Lack o f  data 

on pl a sma FSH and prolactin l eve l s  i n  the porc ine exper iments 

de s c r i bed in thi s the s i s  wa s due to non-ava i l abil ity , at 

thi s  l aboratory , of sui table a s s ay methods . 

( i. i ) Rams 

Basal  pl a sma l eve l s  and the general patterns o f  secretion 

of LH and testos terone recorded in experiment 5 . 1 , and p l a sma 

LH , F S H , prolactin  and t e sto sterone l eve ls  observed f rom 

entire ram l ambs in expe r iment 6 . 1 , were con s i stent with 

previously publ i shed data from deve lop ing ram lamb s ( s e e  

pages 4 6  t o  4 9 , I ntroduct ion ) .  However , the F S H  d a t a  in 

chapter 6 i s  t he f i rst s uch report on plasma FSH leve l s  in 

Romne y  ram lamb s . 

Long itud inal hormonal secretory p atterns recorded from 

hemi c a strates  a nd crypto rchids in expe riment 6 . 1  a l so were 

in a c cord .with re sults reported by Bl anc and Terqui ( 1 9 7 6 )  

and Wa l ton e t  a l . ( 1 9 7 8 ; 1 9 8 0 ) , but t he FSH results  d i f fered 

from tho se repo rted for cro s sbred Mer ino-Corr iedale crypt­

orchi d  ram l ambs ( Lee et al . ,  1 9 7 8 ) . The l atter worker s 

recorded no increase in plasma FSH l eve l s  o f  cryptorchid 

ram l ambs unt i l  a fter 13  months o f  age , whi l e  in the pre sent 

study ( experiment 6 . 1 ) and 1n that o f  Blanc and Terqui ( 1 9 7 6 )  

cryptorchidism re sulted in an e l evat ion of p l a sma FSH  l eve l s  

wi thin a few weeks o f  t he treatment being i nduced . This  

d i sc repanc y in results  could e i the r have resul ted from breed 

d i f f erences ( V . W . K .  Lee ; Me lbourne , pe rs . cornm . ) or 

d i f f er ing me thods o f  induc ing c ryptorchid i sm .  For examp l e  

Me r i no/Corriedale ram l amb s u s e d  in t h e  experiment de s c r ibed 

by Lee et a l . ( 1 9 7 8 )  we re repor ted to mature l ate : f ir st 
spe rmato zoa i n  the semini ferous tubu l e s  appear around 3 9 - 4 2  

wee k s  o f  age ( Lee e t  al . 1 9 8 1 ) , wh i l e  in Romney ram l amb s the 

f i r s t  appearance o f  spermato zoa occurs at 1 8 - 2 2  wee k s  of age 

(Wi l son , 1 9 7 7 ) . Lee et a l . ( 1 9 7 8 )  u sed surg ical as wel l  a s  

e l a st rator r ing methods for i nduc ing c ryptorchidism i n  ram 

l amb s . Howeve r ,  the val idity o f  the elastrator ring met ho d  

mu s t  b e  que s t ioned after report s o f  d i screpanc i e s  i n  r e s u l t s  

whi c h  have f o l l owed i t s  u s e  t o  produce cryptorchid bul l s  



( Ke l l away et a l . , 1 9 7 1 ;  Ba s s  et a l . ,  1 9 7 6 ) . The t echnique 

adopted for exper iment s i n  c hapter 6 ( surgical induct ion o f  

intra-abdomina l c ryptorchid i sm )  wa s that recommended by 

Schanba cher ( 1 9 7 8 )  as an attempt to s tandard i ze experimental 

procedures for this avenue of r e s earc h . 

(b ) Acute Hormone Pro f i l e s  

( i )  P u l sat i l e  s ecretion 

P r ior to a c ceptance o f  the concept o f  epi sodic  hormone 

secre t ion ( reve a led by f requent s ampl ing me thods ) , wide l y  

dive rgent hormon e  l eve l s  o ften were r e j ected o r  r egarded 

as un impor tant . 

As mentioned in the l i terature revi ew on page 2 9 , the 

physio logical importance o f  ep i sodic ho rmone secretion i s  
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not f u l ly unde r s tood , but intermittent GnRH s t imu latio n  o f  

adenohypophy s e a l  gonadotrophs probably 1 s  important in 

al lowing regeneration of GnRH rec eptors . Currently , epi sodic 

re l e a s e  o f  GnRH is cons idered to be induced by hypotha l amic 

and a s sociated areas o f  the bra in ( Ga l l o , 1 9 8 0 ) . 

Acute pro f i l e  s tudies  de scr ibed i n  thi s the s i s  prov i ded 
further eviden ce of pu l sa t i l e  sec r e t ion of : LH and te s to s t ­

erone i n  bo ar s ; LH , prolactin a nd tes tosterone in ram s ; 

and to a l e s s e r  extent F S H  in rams . The se r e s ul t s  coinc ided 

wel l  with s im i l ar reports  from other worke r s  as revi ewed on 

pag e s  2 9  and 3 0  o f  chapte r  one . 

A l so i t  was no ted that pr ior to 8 week s  o f  age there 

wa s no quantitative ( 1 : 1 ) relat ion ship between LH and 

te s toste rone peak s  i n  boars ( exper iment 4 . 2 ) , or  ram l amb s 

( experiment 5 . 2 ) ; the s e  observa t ions  were s imi lar to data 

reported by Wi l son and Lapwood ( 1 9 7 9a ) . I n  fact the l at t e r  

author s  s ug g e sted that e s tabl i shment o f  a 1 : 1  r e l a t io n ship , 

whi ch they r ec o rded from rams a t  ages  greate r  than 8 week s , 

probably was an important fac tor i n  s exua l maturation . No 

previous r e s earch appe a r s  to have been publ i shed on the 
i n f l uence of age on the quan t i tative relationship between 

LH and testos terone secretory epi sode s in young boar s . 



( i i ) E f fects  o f  hemic a strat ion on ho rmone secret ion 

patterns and GnRH re spon ses  in bo ar s 

Acute hormone pro f i l e s  obtain ed f rom exper iment 4 . 1  

and pre-GnRH hormone l eve l s  o f  exper iment 4 . 2 ,  showed that 

the r ema in ing t e s t e s  of hemicastrates were c apable of 

secret ing s u f f i c ient testosterone to maintain  near no rma l 

pla sma te sto sterone , and hence LH , l eve l s . The se r e s u l t s  

we re cons i stent w i th tho se reported f rom hemica strated 

Gott ingen miniatur e  boars  (El sae s ser et al . ,  1 9 7 8 ) . The re 

have been no reports  of s imi lar endo cr ine stud i e s  o f  boars 

o f  dome stic breed s . 

Pulsat i l e  LH secretory patterns were evident at  a l l  

age s  o f  sampl ing o f  ent i re s , hemi ca st rates and castrate s .  

In  addition epi sodic t e sto sterone secretory patterns were 

reco rded from enti res and hemic astrat es  at each sampl ing 

age . Al though hem i castrat ion had no obvious  infl uence on 

the magni tude or  frequency o f  LH or  t e stosterone secretory 

spik e s , b i l at e r a l  cast rat ion c aused muc h mor e  marked 

f l u c tuations in pla sma LH leve l s  compared to t ho se obser�ed 

from entire s . S imilarly exaggerated pul sa t i l e  var iat ions 
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in p l a sma LH l eve l s  in barrows have been r epo rted previo u s l y  

( Co l enbrande r  e t  a l . ,  1 9 7 7 ) . 

To date very l ittle in formation on GnRH re spon s e s  o f  

boar s  has be en publ i s hed . It appear s that t he LH and 

te sto sterone data f rom exper iment 4 . 2  i s  the f ir s t  such 

data f rom dome s t ic boar s , al though some has been publ i shed 

on the GnRH r e spon se s o f  Gottingen min iature boar s (El sae s ser 
et al . ,  1 9 7 4 ; P omerant z e t  al . ,  1 9 7 4 ) . Rap i d  e l evat ions o f  

pla sma LH and t e sto sterone l eve l s  followed G nRH i n j ect ion , but 

the total LH r e s ponses  d id no t decl ine with s exual maturat ion . 

Whi l e  that observat ion was in contra st with t hose recorded 

f rom developing ram lambs ( Wi l son and Lapwood , 1 9 7 9b ;  

experiment s  5 . 3  and 6 . 3 ) , the prog r e s s ive inc rea se s with 

age in GnRH- i nduced testo sterone r e sponses  were s im i l a r  to 

tho s e  recorded f rom ram lambs ( Le e  et al . ,  l 9 7 6b ;  Wil son 

and Lapwood , 1 9 7 9 b ; exper iments 5 . 3  and 6 . 3 ) . Undoubtedly 

the increa s e  i n  t e s t icular respon s e s  resul ted from a var ie ty 
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of caus e s , such a s  incre a s e s  in steroid hi stochemical act ivity 

vo lume of Leyd ig c e l l s a nd in Leyd ig c e l l  receptor act ivity , 

wh ich have been d i scus sed o n  page 1 1 5  in chapter IV . 

( i i i )  E f fects o f  hemi ca stra tion and cryptorch idism on hormone 

secretion patterns a nd GnRH r e spon ses of ram lamb s 

Acute hormone pro f i l e  data from exper iments 5 . 2  and 

6 . 2  and pre -GnRH data from exper iment s 5 . 3  and 6 . 3  con f i rmed 
the observat ions made in the long itud ina l study , that 

cryptorchid i sm ,  but not hemica strat ion , resul ted in an 

overa l l  elevat ion o f  p l a sma gonadot rophin concentrat ion s . 

Hemicastrat ion did  not have a ny e f fect on pul sat i l e  

secret ion o f  any hormone measured , wh i l e  the e f fect s o f  

cryptorchidi sm i n  increa s ing the number o f  LH peaks and 

decreas ing t he frequenc y o f  testosterone peak s , were 

di scus sed on page 2 1 7  in chapte r  VI . Conversely  the l atter 

trea tment did not have any effect on the frequency o f  

pro l actin sec retory pul ses . Even though hemicastrat i on 

had short-term e f fects i n  ra i s ing mea n  FSH l eve l s , and 
cryptorchid i sm had prolonged i n f l uenc e s , the frequency and 

magnitude of e p i sodic f l uctuat ions o f  this hormone were 

l itt l e  influenced by these sur g i c a l  tre atments . 

GnRH r e sponses  recorded f rom hemi castrated ram l ambs 

genera lly  con f i rmed the observa t ions  made from t he long i tud-

ina l and pro f i l e  stud i e s . I n  exper iment 5 . 3  hemica strat ion 

resul t ed in a s i gn i f i cant increa se in total LH re spon s e s  
compared to t ho s e  o f  ent ire anima l s .  However ,  ana l y s i s  o f  

GnRH re spon s e s  o f  hemi c a strat e s  and ent i r� s  i n  experiment 

6 . 3 showed that wh i l e  hemic astrates  t ended to have hi gher 

LH re sponse s ,  t he d i f fe rence d id not reach sta t i st i ca l ly 

s igni f i cant l eve l s . Thi s d i screpancy between the expe r i ­

ments may have resulted from t he d i f ference s i n  d e s ign 

( i . e . only 4 weeks lap sed betwe en hemi ca strat ion a nd t he 

GnRH response  study at ' each age i n  exper iment 5 . 3 , whi le 

the comparab l e  t ime lapses i n  experiment 6 . 3  were 6 ,  1 4 , 

2 2  and 3 0  wee k s ) .  

In  cont rast  c ryptorchid ram l ambs had great l y  



exaggerated gonadotrophin re spon s e s , f urther conf irming 

the observat ions made in exper iments 6 . 1  and 6 . 2 ,  a s  we l l  

a s  tho s e  r eported by Lee e t  a l . ( 1 9 7 9 ;  1 98 0 ) from crypt­

or chid rams , and by Schanbacher ( 1 9 7 9 a )  from cryptorchid 

bul l s . 
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Even in spite o f  the exaggerated gonadotrophin r e spon s e s , 

testo sterone re spon s e s  r ec orded tended to be r educed : 

probably th i s  decrease i n  testicular androgen product ion 

( O . O S < P < O . l O )  wou ld have been s ignif i cant i f  a l a rger number 

of anima l s  had been ava i lable for experime nt 6 . 3  ( n= 3 ) . 

For examp l e  Lee et al . ( 1 9 7 9 ; 1 9 8 0 )  and Sc hanbacher ( 1 9 8 0�) 

used l arger n umbe rs of c ryptorchid rams in t he ir experiments 

and demon s trated that the te sticular r espon s e s  of  the s e  

anima l s  we re lower than t ho se o f  age-matched ent ire s . 

Nei ther Sc hanbacher and Ford ( 1 9 7 7 ) nor Lee et a l . 

( 1 9 7 8 ) ob served any d i f fe rence in the testos terone l eve l s  

o f  ent i r e s  and cryptorchids unt i l  GnRH re spon se stud i e s  
were conduc ted . Furthe r d i scus s ion on the potent ial  use  

o f  trophic compounds i n  d iagno s i s  o f  endocr ine d i sorder s is  

presented o n  page 2 4 1  i n  this chapter . 

Pre-GnRH plasma LH and FSH concentrat ions  r ecorded 

from androgeni s ed c ryptorchid ram lambs further conf irmed 

that hypoandrogeni sm wa s the ma j or r e a son for e l eva ted 

plasma LH l eve l s  in c ryptorchids . This  observation wa s 

d i f ferent f rom t ho s e  made by S chanba cher a nd Ford ( 1 9 7 7 ) 

who found that exog eno u s  testo s terone d id not have any 

e f fect on e l evated p l a sma LH l eve l s  in cryptorchid s . A 

reduction in FSH respo n s e s  observed from a ndro gen i �ed 

anima l s  wa s sugg e s t ive o f  an e ffect of t e s t o s terone on FSH  

secretion , a s  propo sed by  Crim and Geschwind ( 1 9 7 £) and 

S chanba cher ( 1 9 7 9b ;  1 9 8 0b ) . However t he s e  r e s u l t s  need 

c autious e val uat ion because of the s upraphy s iological  pre ­

GnRH testoste rone l ev e l s  recorded from the androgen i zed 

anima l s  a nd the l imited number of anima l s . 

Schanbacher ( l 9 8 0b )  r eviewed the met ho d s  u s ed in 

androgen r eplacement studie s , and q ue s ti oned whether or no t 

tho se g enera l ly u sed ( s ingle or s e r i e s  o f  t e s to sierone 



inj ec t i on s ) we r e  o f  any value in mimicking phy s io logical  

androgen leve l s  i n  tr eated anima l s . However , the a l te rnat­

ive method sugg e s ted by h im (use o f  implanted S i la stic  

capsules  conta ining crysta l l ine testo sterone ) produced 

constant pl asma testosterone leve l s  in t reated animal s ,  a 

s i tuation wh ich a l so i s  unl ikely to be  phys iologic al . 

( c ) Organ We ights  and H i s to l ogic a l  Data 

( i )  Testic ular  c hange s in hemicastrates  

Compensatory testicular hypertrophy alway s occurred 

fol lowing hemi c a s trat ion of  both boa r s  a nd rams . The se 

results  were con sonant with s imi l ar pub l i shed work from 

tho se species , a s  disc u s sed in chapters  4 ,  5 and 6 .  

However , the r e l a t ive impor tance o f  the various testicu lar 

components in contr ibut ing to this hypertrophy ( apart from 

STD ) wa s not determined . Thi s wa s ma inly  because hi stolog-

i cal  changes  were regarded a s  be i ng secondary to the 

endocr ine i nve s t igat ion s  repor ted i n  thi s the s i s . 
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G iven the l imita t ions o f  that approach and the subj ect­

ive hi s to logical  ana lytica l methods employed , hemi castrat ion 

did not appear to cause any ma j or c hang e in the compo s i t ion 

of semini ferous tubu l ar c e l l  popu l ations 1n e i ther spec i e s . 

These results  agree with s im i l a r  reports of  porc ine ( Hauser 
et a l . , 1 9 5 2 ; Swi ers tra , 1 9 6 8 ) and ovine research (Vog lmayr 

and Mattner , 1 9 6 8 ; Wa l ton et a l . ,  1 9 8 0 ) . Undoubtedly the 
compen satory increase in s eminifer ous tubu lar d iameters wa s 

a ma j or contributor to this hypertrophy (Vog lmayr and 

Mattner , 1 9 6 8 ; and exper iment s i n  c hapters 4 ,  5 and 6 ) . 

Neverthe l e s s , compensatory increa s e s  in l engths of  the 

s emini ferous tubu l e s  r e s u l t i ng from hemic a stra t ion , a l so 

have been r epor ted to occur in boars  ( Hause r , e t  a l . ,  1 9 5 2 ) 

a s  we l l  a s  rams ( Ho chereau-de Rev i er s  et a l . ,  1 9 7 6 ) . 

The endocr ine bas i s  o f  compensatory t e s t ic u l ar hype rtrophy 

i n  relation to altered secretion o f  gonadotrophins and 

t estos terone was de scribed on page s  i l 7  and 2 2 4  in c hapters 

4 and 6 .  However , an intr iguing que s t ion to cons i de r  here 

is why hemi c as trat ion d id no t induce acce l e ra tion of 
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pubertal spe rmatogenic matura t ion , even though it  r e s u l ted 

in marked c omp ensatory hypertrophy o f  the rema in ing te s te s . 

Likew i s e  othe r worker s have found no evidence o f  ear l ie r  

ini t i a tion o f  spermatogene s i s  in hemi cas trated ram l ambs 

( Hochereau-de Reviers and Couro t , 1 9 7 8 ;  Wa lton et al . ,  1 9 8 0 ;  

de Reviers  e t  a l . , 1 9 8 0 )  or  bu l l  calve s ( Barnes e t  a l . ,  

1 9 8 0 a ;  c ) . 

S uper f i c i a l ly it  wou l d  appear that the intrat e s t icular 

hormonal env i ronment o f  hemi c a s t rates should have f avour ed 

advanced i n i t i ation of spe rmatogene s i s  becau s e  of the 

increased c irculat ing c on c entr a t ions o f  LH ( Land and Carr , 

1 9 7 5 )  , _ FSH ( Wa l ton et a l . ,  1 9 7 8 ; 1 9 8 0 ;  exper iment 6 . 1 ) and 

testos terone ( Wa lton et a l . ,  1 9 7 8 ;  exper iment s  4 . 1 , 5 . 2 , 

6 . 1  and 6 . 2 ) . Thus i t  appear s that other fac tor ( s )  are 

important determinan ts of  the t ime o f  earl i e s t  onset o f  

spermatogene s i s . For example  a c r itical  body we ight 

undoubtedly is one o f  them , or it may be an i nherent 

charac ter i s t ic o f  a spec i e s  whi c h  is re latively refrac tory 

to man ipu l a t ion . 

On the o ther hand local  factors may a l so have an 

inf luence on t ime of onset  of s permatog ene s i s . Serto l i  

c e l l  number s  and the i r  matur ity may be cr i t i c a l  dete rminant s .  

Evidence i n  favour o f  thi s idea comes f rom the corre l at ion 

between S e r to l i  c el l  s tocks and t ho se of spermatogon i a  

r eported i n  pubert a l  ram s  ( Ho chereau-de Revi e r s  e t  a l . ,  

1 9 7 8 ; de Revi ers  et a l . , 1 9 8 0 ) . P erhaps e s tabl i shment o f  

this  c e l l  a s soc iat ion may b e  dec i s ive , s in c e  h emic astrat ion 

of prepuber t a l  ram l ambs r e s u l ted in i ncr ea s e s  i n  Serto l i  

c e l l  numb e r s  (de Revier s e t  a l . ,  1 9 8 0 ) . However , a s  yet 

t here i s  no evidence to ind icate that hemica strat ion 

hastens S e r to l i  c e l l  matura t io n . Mature S e r to l i ce l l s  may 

de termine the t ime of onset  o f  spermatogene s i s  by producing 

s u f f i cient ABP , which helps  to  produce the r e qu i r ed high 

t e s to s terone concentrat ions i n s ide the sem in i ferou s  tubu l e s  

( Ritzen e t  a l . , 1 9 7 4 ;  Wa i te s , 1 9 8 0 ) . 
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( i i )  Te s t i c ul a r  change s in cryptorchids 

As d i s c u s s ed o n  page 2 2 3  in chapte r  6 ,  the h i stological  

change s recorded i n  the germinal cel l epithe l ium ,  Serto l i  

and Leydig c e l l s  o f  cryptorchid t e s t e s  i n  the pre sent study 

undoubtedly  re sulted from incr ea s ed i ntrate st icular 

temperature . 

Despite the decrease in e f f ic iency o f  Leyd ig c e l l 

androgen secretion fol lowing t h i s  treatmen t ( see page 2 2 2  

o f  chapter 6 ) , the periphera l t e stosterone l evel s i n  

cryptorchid ram l amb s ( Blanc a n d  Terqu i , 1 9 7 6 ; L e e  e t  a l . ,  

1 9 7 8 ;  expe r iments 6 . 1  and 6 . 2 ) were not sign i f i c antly  

dif ferent f rom those o f  ent ir e s . De f i c ienc i e s  i n  androgen 

output were r e cogn i sed only fol lowing the GnRH re sponse 

studies  i n  exper iment 6 . 3  and t ho se de scr ibed by Lee e t  al . 

( 1 9 7 9 ; 1 9 8 0 )  and Schanbacher ( 1 9 8 0a ) . The potent i a l  for use  o f  

such troph i c  hormone s i n  diagno s i s  o f  subt l e  chang e s  i n  

hormone secret ion is discussed more fully on page 2 4 1  o f  

thi s chapte r . 

(d )  Pos s ib l e  Appl i cat ions o f  t he Pre sent Study a nd Avenue s 

for Future Re search 

Knowledge o f  the bas i c  endoc r ine mechan i sms contro l l ing 

reproduc t io n  in the ma le , including those re spon s ible  for 

sexua l maturat i on , i s  a nec e s sary prelude to devel opment of 

technique s for man ipulating pubertal proce s s e s , a s  we l l  as 

spermatogene s i s  in the adult ma l e s . 

Expanded knowledge o f  the neuroendocr ine control o f  

reproduction i n  sheep wi l l  a s s i st  t he deve lopment o f  

pharmacolog ica l techniques which have prac t i c a l  agri cultural 

bene f i t s . For example the u s e  of stero id s , prostagl and ins 

and gonado trophins in such techn ique s  a s : i nduct ion o f  

partur i t io n  o r  l actation , ova r ia n  s t imulat i on a nd super­

ovul at ion , and treatment o f  i n f e rt i l ity ha s genera l l y  

fo l l owed b a s ic s c ient i f ic stud i e s  o n  the endocr ine contro l 

of reproduc tion . Likewi se r e search l eading to d i s covery 

o f  metho d s  for advancing puberty i n  dome st i c  a n ima l s  would 

be  an advantage i n  animal hu sbandry . Such data may not 



be of immen se va lue for i nc r e a s i ng production i n  porc ine 

husbandry (because of s horter inter- l itter interva l s ,  lack  

o f  sea s ona l ity and relat ive e ar ly puberty ) , however would 

be o f  great intere s t  in s heep husbandry . For example  

advanc ement o f  breeding age wou l d  permit mor e  rapid  gene t i c  

turnover , b y  a l l owing mo re mat ing o f  ram lambs o f  h igher 

genetic  merit ( Dyrmund s son , 1 9 7 3�) , particu l ar ly in late 

maturing breeds such a s  Meri nos ( Land , 1 9 7 8 ) . 

On the other hand i n format ion on basal hormonal leve l s  

and their  secre tory patterns dur i ng puberty i s  a n  e s sent i a l  

requ ir ement for succ e s s f u l  treatment o f  endocr i ne d i sorde r s  

l ike hyperprolactinaemia inferti l ity ( Besser , 1 9 7 8 ) and 

assoc i ated sub f e r t i l ity c on d i t ions ( Sc h i l l , 1 9 7 9 ) , and 

deve l opment of succe s s f u l  c ontracept ive agents in the human 

ma l e  ( Wong , 1 9 8 0 ) . 

Mo s t  o f  t he pre l im inary i n format ion in thi s type o f  

resear ch i s  obta ined b y  experimentation either with labor­

atory or dome stic  anima l s . Howeve r , such ba s ic d ata often  

i s  l a c k i ng f o r  farm anima l s .  For example information on  

hormonal secretory patterns  dur i ng s exua l maturation o f  

boar s i s  ve ry l imited . 

I t  i s  evi dent from the d i f ferent pro f i l e s  o f  hormone 

secret ion recorded d ur ing reproductive development , and 

the ir advanced s tage o f  s exua l maturi ty (puberty in ma l e s  
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i s  a round 1 2 - 1 5  weeks o f  age - E l l endorff  e t  a l . ,  1 9 7 7 ) , that 

Got t i ngen s tr a i n  minia ture bo ars provide a model of 

l im i t ed va lue for the s tudy of pubertal deve l opment o f  

dome s t ic bree d s  of boar s . Thi s c oncept wa s prev iou sly  

repo rted by F lorCruz and Lapwood ( 1 9 7 8 ) . On the  othe r 

hand advantag e s  from u se o f  mini-pigs undoubtedly c ould 

accrue from reduced feed cos�, r e la tive e a s e  of  handl i ng , 

and f actors s uc h  as mo re r apid genetic turnover . To t h i s  

end t hey may b e  better s u i ted f o r  use  in s tud i e s  o f  fema l e  

reproduct ive physiology a s  we l l  a s  re search on o the r a spects 

o f  endocr ino l ogy . 

Because o f  unava i l ab i l i ty o f  a s say methods  for 

determ ining p l a sma FSH l eve l s  in boar s ,  expe r iments i nvolv-
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ing cryptorchid anima l s  wer e  no t included in t he present 

study . However , once such a s says become ava i labl e surg ical  

treatments s uch a s  hemicastrat ion and  induced c ryptorchidi sm 

woul d  be  va l uab l e  exper imental too l s  in the i nve s t igatibn 

of feedback mechanisms c ontroll ing FSH and LH secret ion in 

this specie s . 

As ment ioned on page 8 5  o f  chapter 3 the s i g n i f icant 

d i f f erence i n  body we ight data between barrows a nd boars  

should be  interpreted c aut iou s l y . The higher body we ight s 

o f  bar rows was not surpr i s ing because o f  thei r  greater 

appe t i te s  ( Wa l stra and Kroeske , 1 9 6 8 ) . However , from studies  

in which carcase analyses  have been done it has  been noted 

that c arca s e s  r ecovered f rom bar rows conta in mo r e  fat a nd 
l e s s  l ean meat and thu s , smal ler per centages  o f  pr imal 

cut s ( Prescott and Lamming , 1 9 6 4 a ; b ;  Wa l stra and Kroe ske , 

1 9 6 8 ) . One d i sadvantage o f  rear ing boars f or meat i s  that 

boar ' ta int ' may be come evident . Boar taint i s  c aused by 
the presence of the stero id 5 a -andro st- 1 6  ene- 3one ( 5  a -andro s t ­

enone ) in meat from adul t  boars  ( P atte r son , 1 9 6 8 ) , r e s u l t -

i n g  in a character istic  odour wh ich may cau se c onsumer 

rej ection of s uch meat . Neverthe l e s s , Boot h  ( 1 9 7 5 )  and 

Andresen ( 1 9 7  6 )  reported that leve l s  of 5 a -andro stenone in 

adipo s e  t i s s ue and per iphe ral plasma reached cr i t ic a l  

l eve l s  o n l y  in anima l s  o l der than approx imat e l y  1 4 0  days , 

wh i l e  Rhode s ( 1 9 7 2 )  demonstrated that boar ' ta int ' wa s 

negl igible in meat from boar s l e s s  than 2 0 0  day s o l d . 

U s e  o f  technique s s uch a s  immun i s ing boar s a nd rams 

aga inst  GnRH , gonadotroph ins , androgens or o e s t rogen s  

individua l l y , wi th concurrent e s t imat ions o f  p l a sma hormone 

leve l s , could yield more informat ion r egard ing ho rmone 

feedback r egul atory mechani sms i n  the s e  spe c ie s . Although 

stero id replacement s tud i e s  have been attempted it i s  

e s sential  t o  ma inta in phy s io logical  l eve l s  o f  the s e  hormone s 

i n  o rder to a scerta in t he i r  phy s iolog ical funct ions . 

Altho ugh t he use  o f  s low r e l ea s ing ho rmone depo t s  i n  

s il a st i c  capsules i s  now becoming common ( Sc hanbacher , 1 9 8 0b ) , 

the constant hormone l eve l s  produced in such rep lacement 

studies do not mimic the natural secreto ry patterns of the 

hormone under inve st igat ion . 



Although the results of the experiments involving ram 

lambs in the pre s ent study did  not y i e ld informat ion o f  

direct and immedi ate practical  bene f i t  t o  t h e  ag r i c u l tural 

industry it  has prov ided a foundat ion o f  knowledge about 

feedback control of gonadotroph i n  s e c ret ion in ram l ambs 

and on the endoc r ine ba s i s  o f  compens atory te s t ic u l ar 

hypertrophy in thi s spec i e s . The b a s ic hormona l data 

obtained could be used a s  a foundation for d e s igning 

furthe r experiment s  for eval uat ing feedback mechan i sms 

contro l l i ng LH and FSH . 

I nve s t igit io n  o f  the e f fec t s  o f  cryptorchid i sm i n  

induc i ng t h e  ultrastructural a n d  b iochemical changes  which 

occur in Leydig and Serto l i  c e l l s  i n  the t e s te s  of rams 

would be a log i c a l  exten s ion i n  th i s  field o f  study . To 

date no s tud ies  have been attempted on tho se l in e s  with 

rams and the ava i l able data c omes mainly from the work 

with r a t s  ( Kerr et al . , 1 9 7 9 a ; b ;  AumUl ler et a l . ,  1 9 8 0 ) . 

Adaptat ion o f  thi s exper imental  approach to extreme 

se asona l breed e r s  s uch as Soay rams , would a l so be an 

intere s t i ng extens ion of the c urrent re search . Soay r ams 

are unique in re spect to the ir response to photoperiod ; 

the gonad s becom i ng quite inac t ive i n  the non -breed ing 

se ason a nd per haps the f eedback mechani sms requ ired to 

ma inta i n  such low l eve l s  of gonadotroph ins may a l so be 
d i f ferent from tho se of l e s s  highly seasona l dome s t icated 

breeds ( Linco ln and Short , 1 9 8 0 ) . Those authors in fact 

likened the seasonal testicular  rec rudescenc e ,  wh ich oc cur s 

in Soay rams ( and s tag s ) ,  to an annual puberty . Whether 

or not informa t ion der ived f rom s u ch animals  wou l d  be o f  

bene f i t  to res earch on puberty , ha s yet to be i nve s t i gated . 

U nava i l ab i l i ty o f  a s says for e s timat ing inhibin , which 

i s  now cons idered to be the f eedback regu lator of  F SH , was  

2 4 0 .  

a de f i n i te di sadvantage i n  thi s s tudy . However the recent 

report o n  an i n  v i tro bioas s ay for i nh ibin d e s c r ibed by 

Scott e t  a l . ( 1 9 8 0 )  may be of great va lue i n  re search i n  

t h i s  area . U s i ng thi s a s say procedure the autho r s  conc l uded 

that e l evated p l a sma FSH l eve l s  r e corded from infert i l e  



men with germina l ep ithe l ia l  damage was due to reduced 

inhibin produ ction f rom Sertol i c e l l s  ( Scott e t  a l . ,  1 9 8 0 ) . 

Another parameter which o ften has been used by r e s e ar c h  

worker s  to e st imate Serto l i  c e l l  f unct ion wa s t o  e s t imate 

the rate of product ion o f  ABP ( Kerr et al . l 9 7 9a ;  Aumu l l er 

et al . ,  1 9 8 0 ) . 

The obs ervat ion that o e s trogen product ion i s  enhanced 

ln cryptorchid t e s tes  also  needs further eva luat ion 

(Dambe r a nd Bergh , 1 9 8 0 ) . The same author s hypothe s i sed 

that incr e a s ed s ynthe s i s  of  o e s trogen may be a factor 

re spon s i b l e  f o r  the Leydig c e l l mal function . Whe ther thi s 

abnormal i ty l i e s  primarily in Leydig c e l l s  o r  in S erto l i  

c e l l s  i s  not known . S ince S e r to l i  c e l l s  in the teste s 

have been s hown to have the c apac ity to synthe s i se 

oestrogen s  ( Do r r i ng ton and Arm s trong , 1 9 7 9 ) , enhanced 

oestrogen produc t ion by cryptorchid testes may wel l  r e s u l t  

from an a l terat i on in metabo l i c  pathways in Sertol i c e l l s . 

Hence f ur ther i n  v i tro and i n  v ivo s tud ies are  needed to - ---

elucidate the s i te o f  synthe s i s  and f unct iona l s ig n i f i cance 

of oe strogens produced i n  c ryptorc hid teste s . 

The fact that GnRH treatment revealed reduced 
' 

te stos terone secretion ( exper iment 6 . 3 ) in c r yptor chid s ,  
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which wa s not evi dent in the longitudinal or pro f i l e  s t udies  

(exper iments  6 . 1  and  6 . 2 ) , add s we ight to the  concept of  

using such s timu l at ion s tudie s for t he diagno s i s  of subt l e  

endocr i ne d i sord e r s  in human a nd ve terinary med ic ine . 

S imilarly  ne ith e r  S chanbac her and Ford ( 1 9 7 7 ) , nor Lee et al . 

( 1 9 7 8 )  observed a ny de f ic i ency in androgen s e cre tory 

capac ity of cryptorchid ram t e s te s  in acute or  longitudinal 

studie s ,  unt i l  GnRH respo n s e s  were undertaken ( Le e  et a l . ,  

1 9 7 9 ; 1 9 8 0 ;  S chanbacher l 9 8 0a ) . Cox et a l . ( 1 9 7 3 ) and 

Cox and Wi l l iams ( 1 9 7 5 )  recommended the use o f  GnRH/HCG 

stimu l a t io n  t e s t s  for d i f ferential d iagno s i s  o f  crypto rchid­

i sm i n  ma l e  hor s e s , whi l e  adrenocort icotrop i c  hormone (ACTH ) 

stimu l ation  t e s t s  are per formed to c on f irm d i agno s i s  o f  

such adrenocor t i c a l  d i sorde r s  a s  Cushi ng ' s  syndrome ( L i ng 

et al . ,  1 9 7 9 ) . The l atter condition cannot be  d iagno sed 

from ba s a l  plasma cort i so l  data . . 
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