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ABSTRACT 

EFFECTS OF CRANIAL CERVICAL GANGLIONECTOMY AND CASTRATION 

ON ENDOCRINE AND MORPHOLOGICAL CHARACTERISTICS 

OF MALE LAMBS 

By Mark War r en F i s her 

I n  a s tudy of the  e ffec t s  of  the p in eal gland on 

reproduc t ive deve l opment and ho rmone s ecre t i on , male 

l amb s were  inco rporat e d  into  an overa l l  2 x 2 fac torial 

des ign in wh ich the exper iment a l  factors  were: 

(1)  c r an i a l  cerv i c a l  gang l i onectom i z e d  or non -

gangl ione c t om i z e d , and 

(2) c a s trated  or ent i re . 

The f i r s t  exper iment  de s cr ib e d  was a l ongi tudinc.l 

s t udy o f  endoc r ine and morpho l og i c a l  parame t ers  recorded 

from the s e  anima l s  b e tween 7 and 37 weeks o f  a g e. P l a sma 

LH l eve l s  in ent ire  l amb s usua l ly were very low throughout 

the  exp e r iment , a l tho�gh non - gangl ionectomized entires 

did  d i sp lay a sma l l  e l evat i on i n  l eve ls b e tween 8 and 13 
-

weeks  o f  age , whi ch was not  ev ident  in gang l i one c t omi z e d  

ent i re s . At  a l l  age s p l a sma LH l eve l s  were elevated  

s ign ifican tly in cas t r a t e d  anima l s . Ne i th e r  

gangl i onec t omy n o r  i t s  inter a c t ion w ith c a s t r ation had any 

s igni fi c an t  e ffec t  o n  LH l eve l s . In ent i r e  l amb s pla sma 

t e s t o s t erone concen t r a t i ons  incre ased  from 7 weeks to  

highest concentrati ons  b e twe e n  31 and 37 we e k s  o f  age. 

Ove ra l l , gangl i one c t omy reduc e d  t e s t o s t erone s e cret i on ,  



i i i  

but  t h i s  p rob ab ly  was due t o  the lowe r body and t e s t i cu l ar 

we i ghts rec orded  from that group... The norma l pho top e r i o d­

induce d  sea s onal  patt ern o f  pro l ac t in secre t i on in non -

. gangl ionectomized l ambs , wi th h i gh levels dur ing the 

summer  -:ncnths  and l ow dur ing wint er , was markedly 

d i s rup ted by g ang l ione c t omy. Castrat ion had no e ff e c t  on 

pro l ac t in l eve l s  and the interac tio11 o f  ca s t rat ion  and 

gang l i onectomy a l s o  was non - s i gn i f i cant . 

Bodyweight was r educe d  s ig n i f i c antly b y  

g ang l ionectomy and t h i s  e ffect  wa s accentua t e d  in  the 

g ang l i onec t om i z e d  c a s t r a te s . At aut opsy , t e s t i cu l ar 

we ights  and epid idyma l we ights  a s  we l l  as ep i di dyma l s perm 

r e s erves were  reduced , but not  s i gn i fican t ly , by 

gan g l ione c t omy ; the s e  resu l t s  p robab ly reflected the  

b odywe i ght o f  tho s e  an ima l s . Ne i th e r  gangl i one ctomy nor  

c a s t r at i on had  any s ign i f i c ant  effe c t  on  p in e a l  we i gh t s1 

however the  interac t i on o f  the s e  two factors  was 

s i gn i fi cant due to the very l ar g e  p ineal  of one o f  the 

non - gang l ione c t omized c a s tr ate s . 

A s ec ond  exp e ri�ent invo lved  mea surement o f  LH, 

pro l ac t in and t e s t o s t e r one p r o f i l e s  in p l asma ob t a ined  

dur ing hour ly b l ood  s amp l ings wh i ch were  c onduc t e d  for  

24 hours when l amb s were b o th approximate ly 100 and 300 

days o f  age . At b o t h  ages pul s a t i l e  s e cr e t i on o f  LH and 

t e s t o s t e r one was  c onfirmed , but no c i rcad i an rhy t hms o f  

LH , t e s t o s t e r one or  pro lact in s e cr e t i on were  de t e c t ed .  

C a s t rat i on e l evated L H  l eve l s  s i gn i f icantly  at  b o th a ge s . 

Gang l ione c tomy and i t s  int e r ac t i on with cas t ra t i on had no 

e ffect  on LH s ecret i on at lOO d ays , but at  300 d ays the s e  



factors  were  s ign i f i cant l arge ly due t o  e l evated leve l s  

b e ing r e c o rded  from gangl i one c t om i z ed cast r at e s . 

Ganglione c t omy d i d  not  a f fe c t  tes t o s te r one l eve l s  in 

entire  animal s  at  ei ther age wh i l e cas trat e s  had no 

iv 

d e t ectab l e  t e s t o s t er one . Gangl i one c t omy r educed p r o l a c t in 

c oncentr a t i ons  a t  100 days o f  age ( summe r )  and prevent e d  

the norma l wint e r  de c l ine at  300 days o f  age . C a s t rat i on 

and the int e r ac t i on o f  c a s t r at i on with  gang l i onectomy had 

no s ign i f i c ant  influence on p l a sma pro lactin l eve ls at  

e i ther age . 

P i tu i t ary LH and gonadal  tes t o s t erone r e spon s e s  to  10 pg 

s ynthe t i c  GnRH wer e  tes t e d  at 100 days and 300 days o f  

age i n  a t h i r d  exp er iment .  In  a l l  an ima l s , GnRH eleva ted  

LH l eve l s  and in ent i r e s  t h i s  in  turn resu l t ed in  

incr e a s e d  t e s t o s t e rone l eve l s . C a s trat i on sign i f i cant ly 

incr e a s e d  b a s a l  and peak  LH leve l s  t oge ther with t o t a l  LH 

output . At b o th age s the LH and t e s t os t erone re spons e s  

t o  GnRH w e r e  n o t  influenced s ign i f icant ly by 

gangl i on e c t omy , nor d i d  the int e r act i on o f  c ast r a t i on and 
I 

gangl ionectomy have any s igni fi c ant  effe ct  on LH s ecre tory 

re spons e s . 

The s e  s tud i e s  con f i rm the  c oncept that  the p ine al  

. gland can inf luence the  s e cret i on of  prol actin , and 

probably  a l s o  LH and t e s to s t e rone , and thus may b e  

invo lved in  the regu l a t i on o f  pub e r t a l  d eve l opment i n  r am 

l amb s . 
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Indiv i dual  2 4  h our pro f i l e s  o f  p l a sma 
t e s t o s terone l e ve l s  recorded  from 4 
gang l i onectomi z e d  ent i re  l amb s a t  3 0 0  days 
of age . . . . . . . . . . . . . . . . . . . 1 0 8  

Mean 2 4  hour p l a sma t e s t o s t e rone p r o f i l e s  
recorded  from l amb s at  3 0 0  days o f  a g e  . . . 1 0 9  

Individua l 2 4  hour pro f i l e s  o f  
pro l ac t in l eve l s  re corded from 
gang l ionectom i z e d  ent i r e  l amb s 
o f  age  . . . . . . . . . . . . 

p l a sma 
6 non-
a t  1 00 days 

Ind ividua l 2 4  h our pro f i l e s  o f  p l asma 
pro l a c t in l ev e l s  recorded  from 6 non ­
gang l i one c t om i z e d  c a s t r a t e  l amb s a t  1 0 0  
days o f  age  . . . . . . . . . . . . . 

Individua l 2 4  hour pro f i le s  o f  
pro l a c t i n  l ev e l s  recorded  from 
gang l i onect omized ent ir e  l amb s 
of age  . . . . . . . . . . . . 

p l asma 
6 
a t  1 0 0  days 

I nd iv i dual  2 4  hour pro f i l e s  of p l asma 
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g ang l i on e c t om i z e d  c a s t rate  l ambs at  1 0 0  
days  o f  age  . . . . . . . . . . . . . . 
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1 1 2  

1 1 3  

1 1 4  



F igur e  

4 . 2 1  

4 . 22 

4 . 2 3  

4 . 2 4  

4 . 2 5  

4 . 2 6  

Mean 2 4  hriur p l a sma pro lact in p rofi l e s  
re corded fr om l amb s at  1 0 0  days o f  a g e  

Individu a l  2 4  h o u r  p r o f i l e s  o f  p l asma 
pro l actin  l eve l s  r e co rded from 6 non -

. gang l ione c t omized ent ire  l amb s at  30 0 days 
o f  age . . . . . ·Cl • • • • • • 

Individual 2 4  hour pro f i l e s  o f  p l a sma 
pro lact in l eve l s  r ecorded from 5 non ­
g angl ion e c t omi z ed castrate  l amb s a t  3 0 0  
days o f  age  . . . . . . . . . . . . . . 

Individual 24 hour pro fi l e s  of 
p r o l ac t in leve l s  rec orded from 
g ang l i onectom i z e d  ent ire  l amb s 
days o f  age . . . . . . . . . 

p l asma 
4 
at 3 0 0  

Individual 2 4  hour p r o f i l e s  o f  p l a sma  
p r o l ac t in l e ve l s  recorded  from  5 
gang l i one c t omi z e d  c a s trate  l amb s a t  300 
days o f  age . . . . . . . . . . . . . 

Mean 2 4  hour p l a sma p r o l ac t in pro f i l e s  
recorded  from l amb s a t  3 0 0  days o f  age 

5 . 1  P l a sma LH p r o f i l e s  fo l l owing admin i s trat i on 
o f  1 0  pg GnRH ( imme d i ate ly after  the z e r o  
min s amp l e )  t o  6 non - gangl i onect om i z ed 
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5 . 3  Plasma LH p rof i l e s  fo l l ow ing admin i s t r a t i on 
o f  1 0  pg GnRH ( immed iate ly after the z e r o  
min s amp l e )  t o  6 gang l i onec t omi z ed ent i r e  
l amb s at 1 0 0  d ays o f  a g e  . . . . . . . . . . 1 35 

5 . 4  P lasma LH pro f i l e s  fo l l owing adm ini s trat i on 
o f  1 0  pg GnRH ( immed i at e ly a ft e r  the z ero  
min s amp l e )  t o  6 gang l i onectom i z e d  c a s trate  
l amb s a t  1 0 0  d ays  o f  age  . . . . . . . . . . 1 36 

5 . 5  Mean p l asma LH profi l e s  fo l l ow ing GnRH 
admini s tr at i on ( immed i a t e ly  a f t e r  the z e r o  
min s amp l e )  t o  lamb s  at 1 0 0  days o f  age 1 3 7  

5 . 6  P l a sma LH p r o f i l e s  fo l l owing admin i s t ra t i on 
o f  1 0  pg GnRH ( immedia t e ly a f t e r  the z e r o  
m i n  s amp l e )  t o  7 non - gangl i on e c t omi z ed 
ent i r e  l amb s at 3 0 0  days o f  a g e  . . . . . . 1 3 8  
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P l asma L H  p r o f i l�s f o l l owing admin i s t r a t i on 
o f  1 0  pg GnRH ( imme d ia t e ly a f t e r  the z er o  
min s amp l e )  t o  6 non - gang l i onectomi z e d  
cas trate  1 am b s a t  3 0 0 day s  o f  age . . . . . 

P l a sma LH p r o f i l e s  f o l l owing admin i s t r a t i on 
o f  1 0  pg GnRH ( immed i a t e ly a f t e r  Lhe z e r o  
min s ampl e )  to  6 gang l ione ctomi zed  ent ire 
l ambs at 3 0 0  days o f  age . . . . . . . . . 

P l a sma LH profi l e s  fo l l owing admin i s t r at i on 
o f  10 pg GnRH ( imme d i a t e l y  after  the z er o  
min s amp l e )  to  5 g ang l i on e c t omi z ed c a s trate 
l amb s at 3 0 0  days o f  age . . . . . .  . 

Me an p l a sma LH p r o f i l e s  fo l l owing GnRH 
admin i s t r a t i on ( immed i at e ly a fter  the zer o  
m i n  s amp l e )  to  l amb s at  3 0 0  days o f  a g e  . .  

Plasma t e s to s t e r on e  pro f i l e s  fo l l ow in g  
admin i s t r a t i on o f  1 0  p g  GnRH ( imme d i a t e l y  
after  t h e  z e ro  m i n  s amp l e )  t o  6 non ­
g angl i onectomi z e d  ent i r e  l amb s at 1 0 0  days 
of age . . . . . . . . . . . . . . . . 

P l asma t e s tos t e rone pro f i l e s  fo l l owing 
admini s t r a t ion o f  1 0  pg GnRH ( immedi ate l y  
after  the  z e r o  min  s amp l e )  to  6 
g ang l i onectomi z e d  ent i re  l amb s at  100 days 
o f  age . . . . . . . . . . . . . . . . 

P l a sma t e s tos t e rone p r o f i l e s  fo l l ow i ng 
GnRH admin i s t r at i on ( imme d i a t e ly a f t e r  the  
z er o  m in s amp l e )  to l amb s a t  1 0 0  d ay s  o f  
age  . . . . . . . . . . . . . . . · · · 

Plasma t e s tost e r one pro f i l e s fo l lowing 
admi n i s trat i on o f  10 pg GnRH ( immed i ately 
after  the z e r o  min s amp l e )  to 7 non ­
gang l i one ctom i z e d  ent i r e  l amb s a t  3 0 0  days 
of age . . . . . � . . . . . . . . . . 

P lasma t e s t o s t e r one p r o f i l e s  fo l l ow ing 
admini s trat i on o f  1 0  �g GnRH ( imme d i a t e ly 
after  the z e r o  m in s amp l e )  to  6 
gang l i onec t om i z ed ent ire  l amb s at  3 0 0  days  
o f  age  . . . . . . . . . . . . . . . . 

5. 1 6  Mean p l asma t e s t o s t e r one profi l e s  fo l l owing 
GnRH admin i s t r a t i on ( immediate ly a f t e r  the 
z e r o  min s amp l e )  to l amb s at  3 0 0  days o f  
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CHAPTER I 

INTRODUCT I ON 

Surv ival  o f  a spe c i e s  depends on the ab i l i ty o f  

indi v i dua l an ima l s  t o  r eproduce and b r ing forth  the i r  

young . Reproduct ion in  mammal s  i s  a s exual  proc e s s  that 

requ i r e s  the uni on of sperm and ova and the i r  sub s equent 

deve l opment in a favour ab l e  environment . Th i s  proce s s  i s  

a c omp lex o f  phys i o l og i cal  and b ehavioural characte r i s t i cs 

wh i c h  ensure that game t e  maturat i on and mat ing are  

c o - o rd inated , and that offspr ing are p roduced dur ing a 

s e as on when surv ival i s  enhanced by favourab l e  

env i r onmenta l  c ond i t i ons . 

At t a inment o f  the c ap a c i ty t o  r eproduce usua l ly i s  

r eached after  a trans i t i onal  pha s e  i n  devel opment betwe en 

s exua l  immatur i ty ( character i s t i c of j uven i l i ty )  and ful l  

reproduc t ive compe tence ( character i s t i c  o f  adu l thood ) . The 

b io l og ic a l  proce s s e s  o f  g r owth and maturat ion  which  make up 

th i s  deve l opmental  phas e  cons t i tute pubertal  deve l opment . 

The t erm pub erty i s  der ived  from the Lat in ' pub e s' wh ich  

r e ferred  t o  the pres ence of  pub i c  h a i r  a s  a c r i te r i on of  

whe ther  g ir l s  and boys  had  reached matur i ty . 

Pub e r ty i s  a proce s s  ini t iated  by the b r a in , 

med i a t e d  and e ffected  by the reproduc t ive hormone s ,  and 

influenced by the environment . In  the exp e r imen t s  

d e s cr ib e d  in th i s  the s i s  the  p o s s ib l e  influence o f  the 

p in e a l  g l and on the pub er t a l  proc e s s  in rams was 

inve s t igated . Where  p o s s ib l e , the review of the  l i t e rature 

has  b e en c onf ined t o  sheep . 



A. ENDOCR I NOLOGY OF  ��LE REPRODUCT I ON 

1 .  Gene r a l  

2 

Mammal ian reproduc t ion i s  a c omp l ex int eract i on o f  

phys i ol o g ic a l  and b ehavi oura l  proce s s e s  invo lving 

inte r a c t i ons  b e tween the env i ronment and the reproduc t iv e  

ax i s .  S t imul i can influence any l eve l o f  the hypothalam i c ­

p it u i tary - gonadal ax i s , b u t  mainly a c t  at  the leve l o f  the 

hypothal amus . 

2. The Hypoth a l amus 

The hyp othal amus ( re v i ewed  by Donovan , 1 9 7 0 )  is the 

mo s t  ventr a l  p o r t i on o f  the  d i encepha l on and is b ounded  

ant e r i o r l y  by the  opt i c  c h i a sma and c auda l ly b y  the 

mamm i llary b o d i e s . A s em i - l unar s hape d  ' hyp ophys i o trop i c  

a r e a ' ,  compr i s ing t h e  s up rach iasma t i c , paraventr i cu l ar , 

per iven t r i cu l ar , ante r i o r  hypothal ami c , arcua t e , and 

p remammi l l ary nuc l e i  and the med i a l  ha lve s o f  the 

ventrome d i a l  nuc le i , is  c apab l e  of ma inta in ing  nearly  

norma l ant e r i o r  p i tu i tary funct i on even in the  ab s ence o f  

cont act  w i t h  h i gher b r a in areas . Thi s  area  i s  thought t o  

synthe s i z e the hypotha l amic  r e l e a s ing and inh ib i t ing 

fact o r s  or  hormone s .  

As gonadotrophin and p r o l a c t in secr e t i on in the ma l e  

are t on i c  i n  natur e , the r e  mus t b e  s ome d i fferenc e s  in 

hyp o tha l am i c  organ i zat i on c ompared w i th that of fema l e s  

whi c h  d i s p l ay cyc l i c a l  g onadot rophin re l e a s e  and surges  i n  

p ro l ac t in s ec r e t i on . Probably  there  are a l s o  imp o rt ant 

s p e c i e s  d i fferenc e s  b etween the frequently s tu d i e d  rat and 

the sheep (Domans k i , 1 9 7 6 ) . 

Inve s t i gat i on into  the exact s ite  o f  



3 

g onadot rophin-r e l e a s ing hormone ( GnRH) synth e s i s  w i thin the 

hypotha l amus has  ma inly b e en c onfined t o  the  fema l e  rat . 

Disc r e t e  l e s i on and s t imul at i on exp e r iment s sugge s te d  that  

separate  spec i f i c  areas  wer e  invo lved in fo l l i c l e  

stimu l a t ing h ormone ( FSH) , and l ut e in i z ing hormone ( LH)  

r e l e a s ing a c t iv i ty (Mo t t a  et  a l . ,  1 9 70 ;  McC ann et  a l . ,  

1973; Me s s  e t  a l . , 1 9 7 3 ) . I n  contras t ,  both  C r igh t on 

et a l . ( 1 9 7 0 )  and Qui j ada ( 1 9 7 1 )  found that the  areas  

con t a in ing LH  and FSH  r e l e a s i ng fac t o r s  wer e  comp l e t e ly 

coextens i v e , ext end ing from the  suprach i asma t i c  r egion t o  

the arcuat e - median eminence r egion . Palkov i t s  e t  a l . 

( 1 9 7 4 ) concluded that in fema l e  rats  the  c e l l  bod i e s  mo s t  

l ike ly t o  synthe s i z e  GnRH were  i n  the med i a l  b a s al 

hypothal amus and mo s t  probab ly the arcuate nuc l eus , whi l e 

i n  ewe s ovu l a t i on c an be induced by e l ec t r i c a l  

stimu l a t i on o f  the med i a l  and b a s a l  p a r t s  o f  t h e  

hyp o th a l amus (Radford ,  1 9 6 7 ; P r z ekop and Domans k i , 1 9 7 0 ) . 

The gre ate s t  concentrat i on o f  GnRH i s  found i n  the med i an 

eminence r egion (Pa l kovi t s , 1 9 7 4 )  . 
• 

I n  ewe s t he ant e r i o r  med i a l  b a s a l  hyp o t h a l amus has  

b e en found to  have p r o l a c t i n  r e l e as e - s t imul a t ing act iv i ty , 

whi l e  the  c auda l  med i a l  b a s a l  hypothalamus h a s  pro l a c t in 

r e l e as e - inhibit ing act i v i ty (Wo l inska  et  a l . , 1 9 7 7 ) . 

From the ce l l  b o d i e s  within  the se  r eg i on s , the 

hyp otha l amic  facto r s  are  t r ansported  down the  axons of the  

tube r o-infundibular  tract  to  the  med i an eminence from whe r e  

they  a r e  r e l e a s ed int o the  p o r t a l  c ap i l l ar i e s  f o r  transport  

t o  the ant e r ior  p i tuit ary (Donovan , 1 9 7 0 ) . The 

cereb r o s p inal fluid  has b e en sugge s ted (Rodr igue z ,  1 9 7 6 )  



as an a l t e rnate  route b e twe en the s ynthe s i z ing neurons and 

the p o r t a l  ve s s e l s ; evi dence for  thi s  me chani sm has  been  

p roduced , at  least  in  r a t s  (Ben - Jonathan et  a l . ,  1 9 7 4 ) and 

mic e  ( Z imme rman et al . ,  1 9 7 4 ) . 

3. Ext rahyPo tha l amic  I n f luence s  

4 

The hyp o th a lamus has ext ens ive b i l ateral  connect ions 

with tho s e  foreb r a in s t ructur e s  such as  the pyr i form 

cortex , s ep tum , h ippo c ampu s , and amygda l a , e tc . , known as 

the l imb i c  sys t em ,  as we l l  as c onne ct ions w i th the midb r a in 

r e t i cu l ar format i on ( Ra i sman , 1 9 7 0 ; Ra i sman and F i e ld: 

1 9 7 1 ) . E v idence for a r o l e  o f  extrahypotha l am i c  s t ructures 

in r epro duct i on has b een reviewed by E l l endorff  ( 1 976) and 

Domans k i  ( 1 9 7 6 ) . Exp e r iment s  invo lving des truc t i on , 

t r an s e c t i on and e l e c t r i c a l  and e l e c trochemi c a l  s t imu l a t i on 

o f  var i ous l imb i c  s truc tur e s , p ar t i cularly  the amygda l a ,  

have a l t e r e d  the t iming o f  the ons e t  o f  pub erty . Al s o  

l imb i c  s tructur e s  have the ab i l i ty t o  concentrate  r ad i o ­

act ive s t er o i d s , whi l e  acqu i s i t ion  o f  the i r  ab i l i ty to  

r e t a in the s e  s te r o i d s  app e a r s  to  b e  a charact e r i s t i c of  

pub er t a l  maturat i on . 'st e r o i d  imp l ant s in the  l imb i c  ar ea  

a l t e r  p it u i tary gonadotrophin leve l s , as  we l l  a s  l imb i c  

e l ec t r i c a l  act iv i ty ( E l l endor f f ,  1 9 7 6 ) . 

4 .  Hypothalamic  Hormones  

McCann and Port e r  ( 1 9 6 9 ) ,  B l ackwe l l  and Gu i l l emin 

( 1 9 7 3 )  and Val e  e t  a l . , ( 1 9 7 7 )  have reviewed the hyp o ­

thal am i c  hormon e s  whi ch s t imu l a t e  o r  inhib i t  the  r e l e a s e  

o f  the anter i o r  p it u i tary hormone s .  To date , only  three 

pept i d e s  w i th hypophys i o t rophi c  act ivity (vi z . ,  

thyro t rophin r e l e a s ing fact o r  (TRF) , GnRH , and 



s o mat o s t a tin )  h ave b een pur i f i e d  and charact er i z ed 

chemical l y .  GnRH i s  a l s o  t e rmed LH- r e l e asing fac t o r / F SH ­

re l e a s ing fact o r  ( LH - RF/FSH - RF ) . Onl y  LH , FSH and 

p r o l ac t in regulat ing  hormone s  wi l l  b e  d i s cus s ed .  

(i ) GnRH 

It i s  n ow g eneral ly a ccep t e d  that  the d e capept i de 

�nRH s t imulat e s  the r e l e a s e  o f  b o t h  F SH and LH  from t he 

ant e r i o r  p i tu i t ary (Jeffco a t e , 1 9 7 5 ; Schal ly e t  a l . ,  

5 

1 9 7 6 a) , e ven d e s p i t e  some r ep or t s  t o  the contrary ( e . g .  the 

inab i l i ty of GnRH t o  s t imul at e  FSH  r e l e a s e  in a l l  

phys i o l o g i c a l  s ta t e s , the mapp ing o f  s eparate  hyp o tha lam i c  

F SH and L H  r e l e a s ing ac t iv i ty a r e a s , and t h e  r e p o r t  o f  a 

r a t  hypoth al amic  frac t i on c apab l e  o f  pre ferent i a l  FSH 

r e l ea s e - B ow e r s  e t  a l . ,  1 9 7 3 ) . D i fferent i a l  r e l e a s e  o f  

L H  and FSH b y  GnRH may b e  due t o  s e l ec tive s t er o i d  and 

i nh ib in  feedb ack , d i fferent ha l f - l iv e s  of FSH and LH , and/ or 

a d i fference in the int r ins i c  me chan i sm by whi ch the  

p i tu i tary LH and F SH gonadotroph  c e l l s  re sp ond to  GnRH . 

( i i )  P ro l ac t in - inhib i t ing and - r e l eas ing Fact o r s  

When the mamma lian p i t u i tary i s  separ a t e d  from the 

b r a in by s ta l k  s e c t i on o r  auto t r an s p l ant procedure s ,  i t  

s e cre t e s  incr e a s e d  quant i tie s o f  p r o l act in , whe r e a s  output 

o f  o ther  t rophi c  hormon e s  d imin i s h e s . This , and r e su l t s  of 

o ther s t ud i e s  u t i l i z ing hyp o tha l am i c  extract s  d emon s t r a t e s  

that the predominant con t r o l  o f  p r o l act in s e c re t i on i s  b y  a 

p r o l a c t i n - inhi b i t ing factor  ( P I P) (Me i t e s  and N i co l l , 1 9 6 6 ; 

T inda l , 1 9 7 4 ) . The iden t i ty o f  P I P  i s  s t i l l  not  c omp l e t e ly 

r e s o lved . Dopamine account s  for  much o f  the inhibi t o ry 

act i on o f  the hypothalamus on p r o l a c t in s e c r e t ion , but the 



exist enc e o f  dopam in e - fr e e  P I P  hypotha l amic  frac t i ons  has  

a l s o  b e en repor t e d  ( Schal ly et  a l . ,  1 976�� Kordon e t  a l . ,  

1 9 7 7 ) .  

Evi dence a l s o  sugge s t s  that  a p r o l ac tin r e l e a s ing 

fac t or o r  fact o r s  m i gh t  exi s t  (Va l e  e t  al . ,  1 9 7 7 ) , whi ch 

p e rhaps i s  invo lved  in the minor , more  acut e , pul s at i l e  

re l e a s e s  o f  p r o l a ct i n , such a s  o ccur i n  respon s e  t o  e ther  

s t res s  (T inda l , 1 9 7 4 ) . Synthe t i c  TRF also  i s  c apab l e  o f  

re l e a s ing pro l ac t in ( F e l l  e t  a l . ,  1 9 7 3 )  but i t s  

phys i o l og i cal  r o l e  i n  the c ontro l o f  p r o l ac t in s ecre t i on 

i s  unknown . 

( i i i )  I n fluence o f  Brain Monoam ine s and 

P ro s t ag l andins 

6 

Neur o s e cre t ory e lemen t s  wh ich  s ynthe s i z e the 

hypotha l amic  hormone s synap s e  w i th o ther neurons  w i t h in the 

hypothalamus , thus  much work has  centred  on the invo lvement 

o f  s ynap t i c  t ransmi t te r s  in  the s ynth e s i s  and r e l e a s e  o f  

hypothalamic  hormone s .  Kordon e t  a l . ,  ( 1 9 7 6 )  i n  a r ev i ew 

o f  th i s  sub j e c t , s t ated  " the p re c i s e  r o l e  o f  g iven 

t r ansmit t e r s  in the regul a t i on o f  adenohypophy s e a l  hormon e s  

i s  s t i l l  l ar g e ly controve r s i a l . "  S tudi e s  ut i l i z ing 

intraventr ic u l a r  and sys t emic  inj e c t ions of pharmacolo g i c a l  

d o s e s  o f  amine s , ma inly in  t h e  fema l e  rat , have 

demon s trated  that  c a t e ch o l e amine s ,  cho l ines  and 

indol e amin e s  c an influence the r e l e a s e  of gonado t rophi n ­

and p r o l a c t in - re gu l a t ing hyp o tha l am i c  hormon e s  ( Kamb e r i  

e t  a l . ,  1 9 7 0 , 1 9 7 1� , � ; Kamb e r i , 1 9 7 3 ;  Kordon e t  a l . ,  1 9 7 6 , 

1 9 7 7 ) . F o r  examp l e  pro l a c t i n  r e l e a s e  can b e  s t imu l a t e d  by 

noradrena l ine and s e ro t onin  ( Kamb e r i  e t  a l . ,  1 9 7 la , b ) whi l e 



noradrenal in c an s t imu l at e , and mela t on i n  inhib i t , LH and 

FSH s ec r e t i on ( Kamb e r i  et al . , ( 1 9 7 0 ) . B iogeni c  amine s 

app e ar to b e  invo lved in regu l a t i on o f  the  o e s trous  cyc l e  

i n  ewe s (Wheaten e t  a l. ,  1 9 7 2 ) . 

A l s o  there  i s  s ome evidence ind i c a t ing that 

pro s t a g l andins may s t imulate  gonadot r ophin r e l e as e , 

probab ly b y  ac t ing m a inly at the  l eve l o f  the hypotha l amus 

( Ca r l s on e t  a l . ,  1 9 7 3 ;  Labhs e twar e t  a l . ,  1 9 7 4 ; L ab r i e  
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e t  a l . ,  1 9 7 6 ; McCann e t  a l . ,  1 9 7 6 ) . Warberg  e t  a l . ( 1 9 7 6 )  

sug g e s t ed that  i n  r a t s  the incre a s e  i n  LH re l e as e fo l l ow ing 

intraven t r i cu l a r  p r o s t ag l andin infus i on was  med i a t e d  b y  a 

spec i fi c  b r a in r e c e p tor . S im i l a r  work  sugg e s t s  that  

p r o l actin  s e c r e t i on may be r e gu l at e d  in  part by  

p r o s t a g l andins  (McC ann e t  a l . ,  1 9 7 6 ) . 

( iv )  Me chan i s m  o f  Act i on o f  Hypo tha lamic  Hormone s  

Two main  the o r i e s  have evolved  for exp l anat i on o f  the 

me chanism  o f  act i o n  o f  hyp otha l am i c  hormone s at  the 

p i tu i t ary leve l ; t hey invo lve  e i th e r  s t imulus - s ecre t i on 

c oup l ing or  adenyl cyc l a s e  a c t iva t i on (McC ann , 1 9 7 4 ) . The 

former sugg e s t s  that re l e a s ing hormone s al t e r  c e l l  memb r ane 

p e rme ab i l i ty l e ad ing to memb rane d ep o lar i z at i on and up t ake 

of calc ium i on s , the  Ca
+ +  

t hen a c t ivat ing the r e l e a s e  

proce s s . The l a t t e r  theory a s sume s that re l e a s ing 

hormone s  comb ine with  spe c i f i c  r e c ep t o r s  on the c e l l 

memb rane c aus ing an a c t iv a t i on o f  cyc l i c  adenos ine  

monopho sphate  (�AMP') from adeno s in e  t r ipho sphate  (ATP ) . The 

cyc l i c  AMP then a l t e r s  hormone r e l e a s e  in s ome way . Jut i s z  

e t  al . ( 1 9 7 6 )  h ave pre s en t ed a hyp o the t i c a l  mode l o f  GnRH 

act ion whi ch incorporated  b o th hyp o the s e s ; they s ugge s ted 
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that a cyc l ic AMP s t imu l a t ed p r o t e in kina s e - phosphoryl a t i on 

p r o c e s s  and c alc ium i ons int eracted  t o  .a ctiv a t e  a 

cytopl asmic  micro tubular  s y s tem inv o lved in extrus i on o f  

s e cr e t ory granu l e s . P ro l ac t in r e l e a s e  may a l s o  involve  

cyc l i c  AMP a lthough the  evidence is  conf l i c t in g  (Horrob in, 

1 9 7 5) .  

Although the p r inc ipal  action o f  Gnillf i s  induce d  b y  

extru s i on o f  s t ored  s ec r e tory granu l e s ,  i t  probab ly  a l s o  

s t imu l a t e s  synthes i s  e ither  p r imar i ly o r  s e c ondar i l y  t o  

r e l e as e  ( Scha l ly e t  a l . ,  1 9 7 1 ) . 

P r o l a c t in r e l e a s e  and synthe s i s  a l s o  appe ar to  b e  twc 

d i s t inct proce s s e s, a s  under  s ome c i r cums t ance s s ynthe s i s 

c an be  s t imul ated  wh i l e  r e l e a s e  i s  inh ib i t e d  ( e . g .  in r a t s  

p r o l ac t in synthe s i s  cont inues  a f t e r  the suck l ing s t imulus  

for  r e l e a s e  has  been  r emoved ( Convey and Ree c e, 196 9 ; 

Ne i l l, 1 9 7 4 ) ) . 

(v )  E ff e c t s  o f  GnRH in She ep 

Subs e quent to the i s o l at i on, characteri z at i on and 

synthe s i s of the porc ine de capep t ide  GnRH (Ma t suo e t  a l . ,  

1 9 7 la, £) , and the dem�n s t r a t ion that  i t  i s  iden t i c a l  t o  

ovine GnRH ( Burgus e t  a l . ,  1 9 7 2 ) , i t  was shown (Ar imura 

et  a l . ,  1 9 7 2 )  that the  s ynthe t i c  p o l ypep t id e  could r e l e a s e  

L H  i n  rams . Rece n t l y  P e l le t ie r  ( 1 9 7 6 )  reviewed l i t e rature 

on the e ff e c t s  of GnRH on LH and FSH r e l e a s e  in s he ep, 

c a t t l e  and p i gs . Al though GnRH c an c au s e  r e l e a s e  of FSH in  

r ams, the  r e sp on s e  i s  not  a s  drama t i c  a s  the  LH r e spon s e  to  

the  s ame GnRH dose  (Hopkinson e t  a l . ,  1 9 7 4 ; Bremne r  et  a l . ,  

1 9 7 6 ; L e e  e t  a l . ,  1 9 7 6 b ) . Spona ( 1 9 7 3 ) sug g e s te d  that two 

d i s t inct  GnRH b inding s i t e s  e x i s t e d  in the rat p i tui tary : 
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a high affinity one mediating LH release and a low affinity 

receptor mediating FSH release; this conce.pt is consistent 

with a lower FSH response to GnRH than is seen with LH. 

In rams pituitary LH responses to GnRH can be 

influenced by the daily photoperiod (Lincoln, 1977) and by 

the stage of reproductive development with maximal 

responses at 6-8 weeks of age (Galloway and Pelletier, 

1974; Lee et al., 1976£; Wilson and Lapwood, 1978c); also 

they are greater and quicker in wethers than in rams 

(Reeves et al., 1970; Hopkinson et al., 1974; Galloway and 

Pelletier 1975; Pelletier, 1976). 

5. Anterior Pituitary Hormones 

(i) .LH and FSH 

a) Chemistry and Metabolism 

LH and FSH (reviewed by Greep, 1973) are glycoprotein 

hormones consisting of two non-identical, non-covalently 

linked polypeptide chains called� and fi subunits. 

Separately, these subunits have little biological activity, 

but when recombined activity is restored (Vaitukaitis 

et al., 1976). The o
(
subunit is identical for LH and FSH 

(and also thyroid stimulating hormone) but the ;1 subunit 

is different and determines the activity of the hormone. 

Immunological studies in primates, using antisera 

raised against the intact hormones (Phifer et al., 1973; 

Robyn et al., 197 3) or against the fi subuni ts (Hcrbert, 

1976), have shown that LH and FSH may sometimes be present 

in the same cell type. 

Estimates of metabolic clearance rates and half-lives 

of LH and FSH have varied. For example Akbar et al. (1974) 
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estimated that FSH and LH had half-.lives of 102 and 43 

minutes, respectively, in ewes; Geschwind ·and Dewey (1968) 

and de Kretser et al. (1973) found LH to have a half-life 

of about 30 minutes in rams and ewes, and Foster et al. 

(1972, 1975) recorded half-lives of 20-28 minutes for LH 

in foetal and prepubertal lambs. LH, �t least, probably 

is excreted after being secreted into the urine by the 

kidney proximal convoluted tubule (de Kretser et al, 1973). 

b) Actions 

Hansson et al. (1976�) have reviewed research on the 

target cells of LH and FSH in the testes, and also the role 

of gonadotrophins in regulating spermatogenesis (Hans-son 

et al., 1976�). LH is concerned primarily with stimulation 

of androgen secretion by the interstitial cells of the 

testes; through this effect it has an indirect role in 

regulating spermatogenesis (see page 13 ). LH binds to 

membrane receptors of the Leydig cells and subsequently 

stimulates androgen secretion by an adenyl cyclase-mediated 

increase in the first step of cholesterol conversion to 

pregnenolone (Hall and'Young, 1968). 

The exact function of FSH in maintenance of 

spermatogenesis is not clear although it appears to 

influence the maturation of spermatids (Steinberger, 

1971, 1974), but there may be important species 

differences. It is suspected that FSH also is necessary 

for initiation of spermatogenesis prior to puberty (Courot, 

1967, 1976; Lostroh, 1969, Means, 1974). Available 

evidence indicates that Sertoli cells are the primary 

testicular targets for FSH although a role in increasing 
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testicular LH receptor formation before puberty has also 

been suggested (Odell and Swerdloff, 1976) . FSH stimulates 

testicular protein synthesis (androgen binding protein) by 

binding to membrane bound receptors and subsequently 

increasing RNA synthesis via the stimulation of adenyl 

cyclase and protein kinase activities (Means, 1974). Lee 

et al. (1976c) stated that it would "be in character" if 

FSH also stimulated the production of inhibin. 

(ii) Prolactin 

a) Chemistry and Metabolism 

Prolactin is a single protein molecule which probably 

is transported in the plasma in an unbound state. The 

existence in plasma of a 'big-prolactin' which contains a 

normal prolactin component, is also being investigated 

(Horrobin, 1975). 

Only prolactin appears to be secreted by the 

lactotroph cells of the anterior pituitary, although the 

possibility that some cells may secrete both prolactin and 

growth hormone can not be excluded (Horrobin, 1973). The 
• 

finding that cup-shaped prolactin secreting cells can 

contain gonadotroph cells within their cups (Nakane, 1970) 

suggests that gonadotrophin and prolactin secretion could 

be related. 

A plasma half-life of 23 minutes for prolactin has 

been reported in the ewe (Akbar et al., 1974) while Davis 

and Borger (1973) observed different metabolic clearance 

rates between lambs and ewes in different physiological 

states. Prolactin appears to be bound and inactiv�ted 

rapidly in the liver. 
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b) Actions 

Prolactin has a very wide array of actions in 

vertebrates (Nicoll and Bern, 1972), but its best known 

actions in mammals are mammotrophic and luteotrophic; 

definite evidence of the latter function has been confined 

to rodents. In males the possibility of a gonadotrophic 

function also is becoming apparent. For example, 

hyperprolactinaemia in human males frequently is associated 

with hypogonadism and abnormal puberty (Koenig et al., 

1977; McKenna et al., 1978). 

In hamsters induction of testicular regression by a 

short daily photoperiod appears to be associated with a 

decline in peripheral plasma prolactin levels and with 

refractoriness of the testes to gonadotrophins (Bartke 

et al., 1978). 

Specific prolactin binding sites have been identified 

in the rat prostate, testes, epididymides and seminal 

vesicles (Aragona and Friesen, 1975; Kledzik et al., 1976). 

Also Bartke and colleagues (see review by Bartke et al., 

1978) have injected various hormones into hypophysectomized 

rats and shown that prolactin or prolactin and FSH act to 

increase the sensitivity of Leydig cells to LH by promoting 

LH receptor formation, and also by synergizing with LH in 

promoting testicular steroidogenesis by increasing the 

amount of esterified cholesterol available for conversion 

t o  steroid hormones (Hafiez et al., 1972a, b; Bartke and 

Dalterio, 1976). After injecting prolactin antiserum into 

immature male rats and measuring circulating hormone levels 

and reproductive organ weights, Hostetter and Piacsek 
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( 1 9 7 7 )  sugge s t ed that p r o l a c t in may have an inhib i t ory 

-effect  on LH s e c r e t i on dur ing s exua l  d evelopment , but . a 

s timu l a tory effect  on the  deve l opment o f  the  s econdary s ex 

t i s sues . I n  rodent s , at  l e a s t , the t e s t i cu l ar act i on of  

p r o l a c t i n  probab ly  r e f l e c t s  a direct  act i on on the L eyd i g  

cel l s  and may b e  imp o r t an t  in s exua l  maturat i on (Bartke 

et al., 1 978 ) . 

Autumn born r am l amb s show a p e ak in p r o l a ctin 

s ecre t i on around t en t o  twe lve weeks of age , at the s ame 

t im e  a s  the beg inning of the r ap id inc r e a s e  in t e s t icular  

we ight  and spe rmat ogen i c  act ivity  ( Ravau l t  and  Courot , 

1 9 7 5 ) . Sub sequent ly  Ravau l t  e t  a l . ( 1 9 7 7b )  s howed that 

admin i s t ra t i on o f  the p r o l a c t in s e c r e t ion inh ib i t or , 

2 - b r omo -�- ergo cryp t ine , in b o th s p r ing and autumn born r am 

l amb s b etween 1 0  and 2 1  weeks  o f  age  resu l t e d  in an in i t i a l  

decre a s e  i n  t e s tdt e r one  l eve l s  and a s ign i f ic ant decreas e 
A 

in s eminal  ve s i c l e  we i g h t s and fructos e  conc entr ations. 

P l a sma LH l eve l s , body , t e s te s , a lbug ine a , and epid idyma l  

w e i g h t s  and s emin i ferou s  tubule  d i ame t e r s  a l l  wer e  

una f fe c t e d . Thus , prdl a c t in may s ynergi z e  wi th  b o t h  LH 

and t e s t o s ter one at the gonada_l and/or  acc e s sory sex g l and 

l eve l s . 

6. T e s t i cular  S t e r o i d s  

Mammal i an t e s t e s  have both  g ametogen i c  and 

s t e r o i dogenic  func t i on s . Androgens  s erve t o  deve l op and 

main t a in spermatogene s i s , acce s s ory reproduct iv e  organs , 

and s econdary s exua l  char acter i s t ic s , wh i l e  o e s t rogens may 

r e gu l a t e  the secre t i on of F SH (Ha l l , 1 9 7 0 ) . The r o l e  o f  

t e s t i cular  s teroids i n  the r egul a t i on o f  s p e rmatogene s i s  



was reviewed recently by Hansson et al. (1976�). 

(i) �nthesis, Secretion and Metabol"ism 
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Leydig or interstitial cells function principally as 

producers of androgens. These hormones, mainly 

testosterone, androstenedione and dihydroepiandrostenedione, 

are synthesized from the initial precursor, plasma fatty 

acids, via acetyl CoA and cholesterol (Christensen, 1975). 

In turn, androgens can be precursors in the synthesis of 

oestrone and oestradiol-17fi. Germinal cells appear to 

contain steroidogenic enzymes and Sertoli cell tumours can 

secrete large amounts of oestrogens. Oestrogens 

synthesized within the germinal cells may function locally 

in the control of differentiation of germ cells during 

prepubertal sexual development and also in the local 

regulation of Leydig cell sensitivity to LH (Hall, 1970; 

Fawcett, 1975; Dorrington et al., 1978). 

Androgens are secreted into the interstitial fluid 

from where they are either taken up by the seminiferous 

tubules and transported into the efferent duct to the 

epididymis, or channelied into lymph and venous capillary 

blood; the latter route is the major pathway for entry of 

androgens into the systemic circulation (Eik-Nes, 1975). 

In blood testosterone may be free, conjugated as 

glucuronide, or bound by such proteins as albumin, 

corticosteroid-binding globulin, and sex-steroid binding 

globulin (Liao and Fang, 1969), but only the unbound 

fraction is biologically active (Minguell and Sierralta, 

1975). Haynes et al. (1976) reported that circulating 



te s to s te rone h&d a half - l i f e  o f  8 minut e s  in p repub e r t a l  

bul l s . 

H i gh concen t r a t i ons  o f  androgen s  wi thin the 

s emini ferous tubu l e s  and e p i d i dymid e s  dep end on the 

pre s ence and d i s t r ibut i on of a s p e c i f i c  androgen b ind i ng 

p r o t e in (ABP)  (Hans s on e t  a l . ,  1 9 7 5 ) . ABP has  been 

d emons t rated  in r am rete  t e s t i s  and e p i d idyma l f l u i d  

(Jegou e t  a l . ,  1 9 7 6 )  and s eminal p l a sma (Jegou e t  a l . ,  

1 9 7 8�) , and p ar t i cu l arly  b inds t e s t o s terone and 

d ihydro t e s t o s t e r one , and much to a l e s s er ext ent 

o e s trad i o l - 1 7fi . Funct i on s  o f  ABP may b e : ( i )  t o  

c oncentrate  or  a ccumu l a t e  androgens  wi thin t h e  

s em in ifer ous_tub ul e s  dur ing t h e  i n i t iat ion o f  

sp erma t ogene s i s  whe n  t e s t o s t erone secret ion h a s  not  

r eached adu l t  l e ve l s; ( i i )  t o  c oncentrate  androgen s  in  

c l o se proximity  to  the  spe rmat o z o a  and  the  androgen 

d ependent c e l l s  o f  the c aput ep i d i dymi s  (Han s s on e t  a l . ,  

1 9 7 5 ) ;  ( i i i )  t o  protect  the  androgens  from en zymic  

d e gradat ion ; or  ( iv )  t o  regulate  androgen incorp o r a t i o n  

i n t o  t e s t i cular and ep i d i dyma l intrace l lu l ar recep t o r s  

(Jegou e t  a l . ,  1 9 7 8�) .  

( i i )  Ac t i ons 

1 5  

Te s t o s t er one probab ly  i s  converted  t o  i t s  mor e  act ive 

me tab o l i te s , d ihydrote s t o s t e rone and andr o s t ened i o l s  in 

androgen s ens i t ive t i s su e s  such as the �res t ate , s eminal  

ve s ic l e s  and  e p id i dymide s (Wi l l iam s - As hman , 1 9 7 5 ) . 

Androgens  can a l s o  be  c onver t e d  into  oestrogen s  in  the  

p eriphe r a l  t i s sue s (Wi l s on ,  1 9 7 5) .  
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I t  app e a r s  that  w i t h in the  t e s te s  andro gens a c t : 

( i )  on the  g erminal  ep i the l i um t o  maint a in s perma t o gene s i s ; 

( i i ) on the S e r to l i  ce l l s  t o  incre a s e  the e f fe c t  o f  F SH on 

ABP s ynthe s i s ; ( i i i ) on the p e r i tubular  or myo i d  c e l l s  t o  

r e gulate  tubul ar contrac t i on s ; and ( iv )  pos s ib ly on  the  

Leydi g  c e l l s  s ens i t i z ing them t o  LH (Han s s on e t  a l . ,  

1 9 7 6 a ) . Hans s on e t  a l . ( 1 9 7 6b )  c onc lude d  that ther e  was 

only ind i r e c t  evidence indi c a t ing  that germ ce l l s contain  

androgen r e c e p tors ,  the  r e sp on s e  of  the semin i fe r ous  

e p i the l ium t o  androgen mo s t  l ike l y  i s  med i a t e d  ent i r e ly by  

t e s t i cular  s omat i c  ce l l s . 

Other  maj o r  act i ons  o f  t e s t o s terone inc lude the  

feedback c on t r o l  o f  s ynthe s i s  and s e cr e t i on of  p i tu i t ary 

gonado t r ophins , s exua l d i f f e r en t i a t i on .  and the deve l opment 

and maint enance of s ec ondary s exua l  organs and 

characte r i s t i c s , behav i our a l  p a t t e rns , and a gener a l  

pro t e in anab o l i c  effe c t  (Wi l l i ams - As hman , 1 9 7 5 ) . 

7 .  F e edb a c k  Contro l o f  the  Hypot h a l amo - Hypophy s e a l ­

Gonadal  Ax i s  

A l l hormones  c an b e  r e gu l a t e d  b y  the act ions  o f  o ther 

hormone s ope r a t ing in  a feedback  sys t em .  Thus hormon e s  o f  

t h e  hyp o th a l amo - hypophys e a l - t e s t i cu l ar axi s  can influence 

the i r  own s ec r e t i on v i a  feedb ack  control  of the synthe s i s  

and r e l ea s e  o f  hypothal amic  and p i tu itary hormone s .  

( i )  Hypo thalamic  Hormone s 

A l t hough the r e  i s  a p o s s ib i l i ty that  hyp o t h a l amic  

hormon e s  may r e gu l a t e  the i r  own s ec r e t i on by an u l trashort  

feedba c k  s y s t em (Mo t t a  �al . ,  1 9 7 3 ) , th i s  f i e l d  rema ins 

l ar g e l y  unexp l ored . Even i f  u l trashort  feedback r e gu l a t i on 



o f  GnRH s ecre t i on occur s , J e ffcoate  ( 1 9 7 5 )  c on s idered  i t  

unl ik e l y  t o  be  med i a t e d  v i a  the  sys t emic - c ir cu l a t i on but 

rathe r , as has b e en sugg e s t e d  by Dye r  and Dyb a l l  ( 1 9 7 4 ) , 

the  effect  may b e  t r ansyn ap t i c :  GnRH may b e  a 

neurot r ansm i tt e r , be ing r e l ea s e d  from axon b r anch e s  not  

only  t erminat ing near  t h e  p o r t a l  ve s s e l s , but  a l s o  

synaps ing on other  hyp o t h a l amic  ce l l s . 
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There  are  n o  r ep or t s  o f  an u l t rashort  fe edback 

mechan i sm regu l a t ing the s e cr e t i on of pro l ac t in inh ib i t ing 

or r e l e a s ing f a c t or s . 

( i i )  P ituit ary Hormones  

A l arge  amount of  e vidence has  e s tab l i shed  the  

concept that LH , FSH  and  p r o l a c t in c an regu l a t e  the 

s ec r e t ion of  t h e i r  own r e spect ive r e l ea s ing/ inh ib i t ing  

hormones  v i a  short  fe e db ack l o op s  or  mechan i sms (Mo t t a  

e t  a l . ,  1 9 7 3; Robyn e t  a l . ,  1 9 7 7 ) . F o r  examp l e  imp l an t s  o f  

LH , F S H  and p r o l ac t in i n  t h e  med i an eminence can reduce 

p i tu i t ary and b l ood  l e ve l s  of tho s e  hormone s ( Ne i l l ,  1 9 7 4; 

McCann , 1 9 7 4; Horrob i n , 1 9 7 4 ) ;  rad i oact ive g onado trophins  

c an b e  concentrated  b y  the  hypotha l amus ( Davi e s  e t  a l . ,  

1 9 7 5 ) ;  and LH , po s s ib ly in synergy with  the  t e s t i cular  

s te r o ids , s t imu l a t e s  the  a ct iv i ty of  the  GnRH - de s troy ing 

hyp o tha l amic p ep t i da s e s  whi ch may be invo lved  in feedback 

regu l a t i on ( Kuhl and Taube r t , 1 9 7 5; G r i ff i th s  et  a l. , 1 9 7 4 , 

1 9 7 5 ) . 

However ,  the r e l a t ive imp o r t ance o f  such fe edback 

mechani sms has b e en que s t i oned i n  view of the l arge  

inc r ea s e s  in  s ec re t i on o f  LH and FSH fo l l owing c a s t r a t ion  

(McC ann , 1 9 7 4 ) . I n  any case , a short  feedback l oop would  



norma l ly opera t e  in  conj unc t i on with  gonadal s te r o i d  and 

p o s s ib ly inhib in feedback. 

( i i i )  Te s t icu l ar Hormon e s  

1 8  

Tes t i cular  hormon e s  exert  l o n g  loop ne gat ive feedback 

e f fe c t s  on the hyp o t h a l amus and p itui t ary to  r e gulate  

gonado trophin secre t i on ( s e e  r ev i ew by Barra c l ough , 1 9 7 3 ) .  

Thus t e s t i cu l ar atrophy f o l l ows imp l antat ion o f  

t e s to s terone into the med ian eminen c e  wh i l e  s im i l a r  

i mp l an t s  o f  the ant i - andro gen , cyprote rone a c e t a t e , c au s e s  

enlargement o f  acce s s o ry s ex organ s and a s l i ght incr e a s e  

in  t e s t i cular  we i ght  ( Davidson , 1 9 6 7 ) .  I n  turn , c a s t r a t i on 

enhances  the synthe s i s  and r e l e a s e  o f  p i tu i t ary 

g onadotrophins  in r ams ( P e l l e t i e r , 1 9 6 8 ; )  Cr im and 

G e s chwind , 1 9 7 2� ;  Pe l l e t ie r  and Ortavant , 1 9 7 5 a ) . 

I n j e c t i on o f  t e s t o s t erone prop i on a t e  int o  wethe r s  caus e s  a 

b iphas i c  de crease  in LH l eve l s. The f i r s t  decreas e ,  1 2  

h our s after  inj ect i on , has  been a t t r ibuted t o  a decrea s e  in 

p i tu i t ary s ens i t ivity  t o  GnRH , wh i l e  the s e cond red�ct ion 

in LH l e ve l s  at 7 2  hour s may be due t o  inh i b i t ion of GnRH 

s ynthe s i s  ( P e l l e t i er , 1 9 7 0 , 1 9 7 4 ) .  S t e r o i d - b ind ing 

r e c eptors  have b een i dent i fi e d  in the hypothalamus and 

p i tu i t ary (Dav i e s  et a l . ,  1 9 7 6 ) .  

I t  i s  now accepted  that LH s ecret ion i s  contro l l ed by 

negat ive feedback e ff e c t s  of t e s t o s t erone , p o s s ib ly a f t e r  

i t s  conver s i on t o  i t s  o<- r e duced me t abo l it e s  and o e s trogens 

i n  the target  t i s sues.  In  r ams and  we the r s  this  i s  

ind icated  b y  the fact that  admin i s tr a t i on o f  t e s t o s t e r one 

and t e s t o s t erone prop i onate  l owe r s  b l ood LH l eve l s  (Bo l t , 

1 9 7 1 ; C r im and G e s chwind , 1 9 7 2� ; Hopk inso� � t a l. , 1 9 7 4 ; 



G a l l oway and Pe l l e t i e r , 1 9 7 5 )  whi l e  o e s trad i o l  a l s o  

supp re s s e s  LH s e c r e t i on in  rams ( B o l t , 1 9 7 1 )  and wethe r s  

( R i g g s  and Ma lven , 1 9 7 4� ;  Kars ch and F o s t e r , 1 9 7 5 ) . 

1 9  

FSH s e cret i on i n  r ams  a l s o  i s  influen c e d  b y  the  

t e s t i cular  s t e r o i d s . T e s t o s t e r one prop i onate  repl acement 

ther apy r educ ed the e le vated  p l a sma FSH l eve l s  whi c h  

r e s u l t e d  fol lowing c a s t r a t i on ( C r im and Ges chwind , 1 9 7 2b ) . 

The  p o s s ib i l i ty o f  a p o s i t ive fee db ack e ffect  o f  

t e s t o s terone  o n  FSH s e c r e t ion h a s  b e en sugg e s t e d  s ince  

intrap i t u i t ary imp l an t s  of  t e s t o s t e r one inc r e a s e d  s e rum FSH 

l ev e l s  in adul t c a s t r a t e d  ma l e  rats  (Mart ini , 1 9 7 6 ) . 

FSH s ecret ion probably  a l s o  i s  r e gu l a t e d  at  both  the  

hypotha l amus and p i tuit ary by inhib in , a product of  the 

s emini ferous ep i the l ium , mo s t  l ik e ly the  S e r t o l i  c e l l s  

( S e tche l l  and Ma in , 1 9 7 4 ;  L e e  e t  a l . ,  1 9 7 6£) . Inh ib in - l ike 

a c t iv i t y  o f  ram r e t e  t e s t i s  fluid has b e en shown t o  suppre s s  

F S H  s e cr e t ion s e l e c t ive ly , in  r a t s  ( S e tche l l  and Jacks , 

1 9 7 4 ; Franchimont e t  a l . ,  1 9 7 6 )  and r ams ( B l anc and 

Dacheux , 1 9 7 6 ) , wh i l e  Chari  e t  a l . ( 1 9 7 8 )  i s o l a t e d  a 

s te r o i d - fre e  p ro t e in w i th s imi l ar act ivity from bul l 

s emina l p l a sma . 

A r o l e  o f  t e s t i cu l a r  s t e ro i d s  in regul at i on o f  

p r o l actin  s e cre t i on has  b e en sug g e s t e d  fo l l owing exp e r iment s  

in a numbe r  o f  spec ie s � Wor k  ma inly with  r a t s  sugge s t s  that 

the pattern of pro l ac t in s ecre t ion in adu l t  an ima l s  depends 

on the p r e s ence  or ab s ence  of androgens  short ly  a f t e r  

b ir t h : in fema l e s , or  c a s t r a t e  mal e s , the ab s ence o f  

andro gen expo sure at  b i rth  induc e s  suscep t ib i l i ty t o  surge  

s ec r e t i on o f  p r o l a c t in in r e spon s e  t o  o e s trogen 
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admini s trat i on , whi l e  ma l e s  or  androgen i z ed fema l e s  do  not  

show  any such pro l ac t in r e s p on s e  t o  o e s trogen s t imul a t i on 

(Ne i l l , 1 9 7 4 ) . An inver s e  r e l a t i on s h ip b e tween p l a sma 

l eve l s  o f  p r o l ac t in  and t e s t o s t e r on e  has  been  repor t e d  in 

adul t  men ( Rub in et a l. , 1 9 7 6 ) , but P e l l e t ie r  ( 1 9 7 3 )  

inj e c ted  t e s t o s t er one p r op i onat e into  r ams and found no 

inter ference with pro l ac t in s ec re t i on. A l s o  Ravau l t  et a l. 

( 1 9 7 7 a )  have found t h a t  the  pre - pub e r t a l  peak o f  p r o l act in 

l e ve l s  s een in autumn born  ram l amb s was not  t e s t i s - o r  

t e s to s t erone - dependen t . 

8 .  Patte rn s  of  Ho rmone S e c re t i on 

Hormone s e c r e t i on d i sp l ays  a numb e r  o f  var i ab l e 

p a t terns  r anging from shor t - t e rm pul s at i l e o r  ep i s odic  

r e l e a s e  to  c i rcad i an and s e a s onal  t r ends . S e a s on a l  

p a t terns o f  hormone s ec r e t i on wi l l  be  d i scus sed  i n  a l at e r  

s e c t i on (page 2 5 ) .  

( i )  Pul s a t i l e  Hormone Secret i on 

Seve r a l  s tud i e s  h av e  shown that  LH i s  r e l e a s e d  in a 

pul s at i l e  o r  ep i s od i c  manne r  in  r ams , with peak  v a lue s 

b e ing many t imes g r e a t e r  than b a s a l  l eve l s; sub s e quent t o  

L H  pul s e s  p e aks  o f  t e s t o s t erone s e cre t i on o ccur ( Katongo l e  

e t  a l . ,  1 9 7 4; S anfor d e t  a l. , 1 9 7 4£ ;  L inco ln , 1 9 7 6 a ; 

Barre l !  and Lapwo o d , 1 9 7 8�; Wi l s on and Lapwood , 1 9 7 8�) . 

Pul s at i l e  LH r e l e a s e  a l s o  has  b een r e corded  in r am l amb s 

( F o s t e r , 1 9 7 4; Carr  and L and , 1 9 7 5; Wi l son and L apwo o d , 

1 9 7 8 a; Fos ter  e t  a l . ,  1 9 7 8 )  and wethe r s  (Riggs  and .Ma lve n·, 

1 9 7 4 a )  a s  we l l  a s  in mal e s  o f  s ev e r a l  o ther  spe c i e s . 

Al though the p a t t e rn o f  GnRH r e l e a s e  in rams i s  

unknown , Cii gh t on e t  a l . , ( 1 9 7 3 )  r e corded a pul s a t i l e  
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p a t t e rn in GnRE l eve l s  in the  j ugul a r  b lood o f  ewe s , but 

Net t  et al . ( 1 9 7 4 )  c 0uld not r e l a t e  p e r.ipheral  GnRH l ev e l s  

t o  LH r e l e a s e  i n  ewe s . The l arge  d e gree  o f  haemo d i lut ion  

that  o ccurs b e tween  the p i tuitary portal  ve s s e l s  and the  

general  c ircu l a t i on probab ly  mak e s  it  unl ikely  that  there  

is a c l o s e  r e l at i on s h ip b e tween p e r ipheral  p l a sma GnRH 

and LH concentra t i on s . However , GnRH r e l e a s e  has b e en 

f oun� t o  b e  pul s at i l e in the Rhe sus monkey p i tuit ary p o r t a l  

ve s s e l s  ( C arme l e t  a l . , 1 9 7 6 ) . 

I n  contra s t , p l a sma FSH l e ve l s  gener a l l y  have b e en 

s hown t o  r emain r e l a t ively  con s t an t  throughout p e r i o d s  o f  

intens ive s amp l ing , with  sma l l  e l evat ions occurr ing 

independently  o f  LH and t e s t o s t e r on e  f luctua t i ons  ( Sanford 

e t  al . ,  1 9 7 6 , 1 9 7 7; Lee  et  a l . ,  1 9 7 6 a ) , however L inco ln 

( 1 9 7 8�) did  c o r r e l a t e  LH and FSH pul s e s  in  S o ay rams . 

P l a sma p r o l a c t in l eve l s  a l s o  have been found t o  

f luctuate  over short  per i ods  whe n  intens ive s amp l ing 

r e g imes  were  u s e d  (Chaml ey e t  a l . ,  1 9 7 4 ; Barre l l  and 

Lapwood , 1 9 7 8�; Wi l s on and Lapwo o d , 1 9 7 8� ;  D av i s  et  a l . ,  

1 9 7 8 ) . 

( i i )  C i rcad i an Rhythms 

The p r e s ent s t atus of c ir c ad i an cyc l e s  of p l a s ma 

reproduc t ive hormone l eve l s  i s  confus ed . Many s tud i e s  have 

fai led to  s how any such cyc l i c i ty whi l e  others  h ave . The s e  

' contrad i c t ory ' r e sul t s  may re f l e c t  d i f fer ing exp e r iment a l  

c ond i t i ons  and s amp l ing me thods ( r ang ing from j ugul a r  

venepuncture t o  r emot e  c ath e t e rTz a t i.on)_ · ,  d i fferent  

r eproduc t ive s ta t e s , s e a s ons , env i ronment a l  cond i t i ons , 

spec i e s  and b r e e d s . 
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I n  the  phot o s en� i t ive S o ay r am , L incoln and 

co l league s , ut i l i z ing ' shor t - day '  and ' l ong - day '  a r t i f i c i a l  

photope r i od s , have b een ab l e  t o  show c i r cad i an chan g e s  in 

p l asma l eve l s  of LH , FSH , p r o l a c t i n  and t e s t o s t e rone 

(Linco ln et  al . ,  1 9 7 7 , 1 9 7 8 ) . However in s tud i e s  w i th r ams 

o f  dome s t ic breeds  o ther worker s  general ly have b e en unab l e  

to d e t e c t  any c ircad i an rhythm i n  L H  o r  t e s t o s t e rone 

s e cr e t i on ( Purvi s  et  al. , 1 9 7 4 ; W i l s on and L apwo o d , 1 9 7 8� ;  

Barre l l  and Lapwood , 1 9 7 8�) a l t hough We t temann and 

De s j ardins  ( 1 9 7 3 ) d i d  r e c or d  n o c turna l ly e l evated  p l a sma 

l eve l s  of t e s t o s t e rone. 

In c ontras t ,  c i rcad i an rhythms in p l a sma p r o lact in 

l eve l s ,. w i th p e aks  at  2 0 - 2 2 . 0 0 h our s , have b e en r e corded 

from growing wether l amb s ( Fo rb e s  e t  al. , 1 9 7 5 ) and adul t 

r ams ( Barr e l l  and Lapwood , 1 9 7 8�) . H i gher p l a sma leve l s  o f  

pro l ac t in a l s o  have been r e p o r t e d  dur ing dark p e r i od s  in 

adul t r ams ( Ravaul t and O r t avant , 1 9 7 7 ) . On the oth e r  

hand , ne i ther  Chamley e t  a l. ( 1 9 7 4 )  n o r  Wi l s on and Lapwoc d  

( 1 9 7 8d )  c ould  d e t e c t  any c ir cad i an pat t ern o f  p r o l ac t in 

s e cr e t i on. 

Several  French worke r s  have recorded the  e x i s t ence o f  

a p ho t o s en s i t ive p h a s e  in the  2 4  hour p e r i o d  in  r ams 

( Ravau l t  et a l. , 1 9 7 6 ; Garn i e r  �t a l. , 1 9 7 7 a ; Ravau l t  and 

Ortavant , 1 9 7 7 ) : in  thi s  p e r i od , expo sure to l ight  

decr e a s e s  pul s a t i l e  g onado trophin  r e l ea s e  wh i l e l ight  

depr ivat i on s t imu l a t e s  r e l ea s e . S imi larly , p r o l a c t i n  

s ecre t i on w a s  max ima l wi th l ight  e xposure dur ing  the 

pho t o s en s i t ive phas e , and minimal in the ab s enc e of l i ght. 

This  may be  a de t e rminant of c ir cadian rhythms and may b e  
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invo lved  i n  the  regu la t i on o f  s e a s onal i ty .  

I nt e g r i ty of the  suprachi a smat i c  nuc l eu s  appe a r s  t o  

be  e s s ent i a l  for the g ene r a t i on o f  c i rcadian rhythms , a t  

l e a s t  in  rodent s (Moor e , 1 9 7 8 ) . Thi s  nuc l eus  may funct i on 

in  t h e  mea surement o f  p ho t op e r i o d , and thus i n  the  

regu l a t ion of  s ea s ona l i ty ( Ru s ak and Mor in , 1 9 7 6; S t e t s on 

and Wat s o n - Wh i tmyr e , 1 9 7 6 ;  Menaker e t  a l . ,  1 9 7 8 ) . 

I n  a du l t  humans a c i r cadian rhythm of  p r o l ac t in 

s e c r e t ion appears  t o  b e  c l o s e ly r e l a t e d  to s l eep ( Parker 

et  a l . ,  1 9 7 3; Rub in et  a l . ,  1 9 7 4 )  whi l e L inco ln e t  a l . 

( 1 9 7 7 )  sugg e s t ed that  the d a i ly act ivi ty cyc l e  o f  r ams 

affected  gonadotrophin s e c r e t i on . 

In fema l e  r at s , chan g e s  in the phase  and amp l i tude o f  

c ir c a d i an rhythms o f  gonadot roph in s e c r e t i on may b e  

invo lved i n  the t iming o f  t he ons e t  o f  pub e r ty (MacKinnon 

et a l . ,  1 9 7 8 )  but it i s  not  known i f  t h i s  has  any such r o l e  

in  ma l e s . Human s tud i e s  have sugg e s t ed that nocturna l 

incre as e s  in LH s e c r e t ion are  charact e r i s t i c  o f  pub e r t a l  

matura t i on (We it zman e t  a l . , 1 9 7 5 ) . 

A mo s t  s t r iking examp l e  o f  a c i rcadi an rhythm o f  

hormone s e cr e t ion i s  that o f  me l at onin . I n  many spec i e s  

inc lud ing s he ep the t rans i t ion from l ight t o  dark i s  

a s s oc i a t e d  with  an abrup t incr e a s e  i n  p l asma me l a t onin 

l ev e l s  ( Ro l lag  and N i swende r ,  1 9 7 6; Ro l l ag  et a l . ,  1 9 7 8 a , c; 

Kennaway e t  a l . ,  1 9 7 7 , 1 9 7 8 ) . Thi s  respon s e  t o  the  

c ir c ad i an var i a t i on s  in l ight ing prob ab ly invo lve s the  

p in e a l  g l and , and is  d i s cu s s ed in  a later  s e c t ion (page  

4 0 )  • .  
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( i i i )  Soc i a l  an� Sexua l St imul i 

Sexua l ar ous a l  and s t imulat i on do  not  appear to  

s t i mu l at e  gonadotrophin s ecre t i on in rams ( S anford e t  a l . ,  

1 9 7 4�, 1 9 7 6 ) , a l though in  b o t h  the s e  s tud i e s  LH and FSH 

leve l s  wer e  h i gher  in  the 1 2 - hour mat ing p e r i o d  than in 

the 1 2 - hour non -mat ing  p e r i o d  imme d i a t e l y  fo l l owing . 

S im il ar l y , the pre s en c e  o f  o e s t rous ewe s  and d i ffer ing 

s o c {a l  env i ronments  dur ing d eve l opment  d i d  not influence  

h o rmone l eve l s  ( Sanford  e t  a l . , 1 9 7 4b ; I l l ius  e t  al . ,  

1 9 7 6 a , b ) . 

T e s t o s terone l eve l s  were unaffected  by c opul a t i on in 

adul t rams ( Purv i s  et a l . ,  1 9 7 4 )  and young rams ( I l l ius  

et  a l . a 1 9 7 6!) but a p o s t - c opu l a tory t e s t o s t e rone p e ak can 

o ccur in o lder anima l s  ( I l l ius e t  a l . ,  1 9 7 6� ;  Moore e t  a l . ,  

1 9 7 8 ) . 

( iv )  Stres s 

I t  i s  genera l ly accepted  that  s t r e s s fu l  s t imul i 

e l evate  prol act in l eve l s  in sheep ( Davi s ,  1 9 7 2 ; W i l s on and 

L apwood , 1 9 7 8!) and c a t t l e  ( Raud et a l . , 1 9 7 1 ) , wh i l e  

e ff e c t s  on LH and t e s t o s t erone output have only rec ent ly  

b e en sug ges ted . A l though Roche e t  a l . ( 1 9 7 0�) recorded  

no effect  o f  di fferent  s amp l ing me thods  on LH  l eve l s  in  

ewe s , Wi l s on and Lapwood ( 1 9 7 8!) s howed e levated l e ve l s  

i n  the  f i r s t  o f  four ha l f - hour ly s amp l e s; tho s e  probably  

wer e  induced by s hepherd ing a�d handl ing procedure s .  Al s o  

S i ta r z  e t  a l . ( 1 9 7 7 )  recorded an e ffect  o f  the s t r e s s  o f  

c aptur e , r e s t r a int  and venepuncture o f  young bu l l s  on 

p l a sma LH and t e s to s t e r one leve l s , a l though they 



inte rp r e t ed the ir data  a s  a s t re s s - induced  reduct i on in 

hormone l eve l s . 

9 .  S e a s ona l i ty o f  Repr o duc t i on 

25 

S e a s onal  b r e ed ing  is  apparent 1n many mamma l s , and 

a l th ough dome s t i c at i on genera l l y  has  mas ke d  the nece s s i ty 

for s e a s onal i ty ,  i t  p er s i s t s  t o  varying de gre e s  in many 

dome s t i c  spe c i e s  (Mar s ha l ! , 1 9 3 7; Ortavant e t  al . ,  1 9 6 4; 

C l e g g  and Ganong , 1 9 6 9; Lodge and S a l i sbury , 1 9 7 0 ) . The 

ab i l i ty o f  an animal t o  g ive b i r th to  i t s  young under 

opt imal cond i t i ons for  survival , p ar t i cularly  with  r e s p e c t  

t o  nut r i ent ava i l ab i l i ty , depends o n  t h e  t iming o f  bre e d ing 

and concep t i on and is  synchron i z ed by the c omp l ex o f  

c l imat i c , nut r i t i onal and b i o t i c  fac t o r s  which  make up the  

env i ronment . Of  the s e  environment a l  facto rs , da i ly pho t o ­

p e ri o d , p ar t i cularly  i n  h i gher l a t i tude s ,  provide s 

p o tent i a l ly the  mos t  a ccurate ,  cons t ant ly  chang ing annual  

e nv i ronment a l  cue (Menaker , 1 9 7 1 ) . I n  sheep the autumna l  

decrea s e  i n  d a i l y  pho t op e r i o d  s t imul a t e s  reproduc t ive 

act i v i ty (Yeate s ,  1 9 4 9 ) . 

( i )  Ind i c a t i ons  

Although ma l e  an ima l s  do not  exhib i t  such obvious 

ind i c a t i ons  of reproduct i on a s  o e s tru s , g e s t a t i on and 

p ar tur i t i on ,  whi ch a r e  charac t e r i s t i c o f  the fema l e , 

s ea s onal  change s  in r eproduct ive parame t e r s  are apparent in 

s ome spec i e s . The  s tag  exh ib i t s  marked  s e as onal  

reproduct ive chang e s  w i th the mo s t  obv i ous man i fe s t a t ions  

b e ing  ant l er growth and rut t ing  b ehav i our ( L inc o ln , 1 9 7 1 ) . 

Several  mal e  r odent s a l s o  e xh ib i t  s e a s onal  chang e s , for 

examp l e  Racey ( 1 9 7 8 ) has deta i l e d  s e asonal  change s  in 
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p l a sma and t e s t i cu l ar t e s t o s t e rone l eve l s , bod y , t e s t i s  and 

adrenal we i ght s , e p idi dyma l sperm r e s e rve s and the we i g h t s  

o f  s ome androgen  dependent a c ce s s ory s ex organs in the  mo l e. 

Although r ams  r e t a in the c ap a c i ty for s p e rm 

produc t i on throughout the year , fer t i l i ty often i s  

depre s s e d  dur ing the  s p r ing and summer months ( C l e g g  and 

Ganong , 1 9 6 9 )  and s e a s onal  t rends in g onadal and acce s s o ry 

g l and act ivity and sexual  p e r fo rmance  have b e en d e s c r i b e d. 

For  examp l e , L emay and Corr ivau l t  ( 1 9 7 3 )  rep o r t e d  a c l o s e  

r e l a t ion s hip b e tween the month o f  the year , t e s t i cular  

we ights  and s em i n i fer ous tubule  d i ame t e r s  in rams . 

Spermato gene s i s  was  maxima l dur ing the autumn b re e d ing 

s e a s on and fe l l  away dur ing winter month s . 

Peaks  in  e j aculate  vo lume and s eminal fruct o s e  

l eve l s  have b e en reported  i n  r ams dur ing the b r e ed ing 

s e a s on ( Sanford  e t  a l . , 1 9 7 7; Barr e l l  and L apwo od , 1 9 7 8 a ) . 

There  are  s im i l ar increa s e s  in t e s t i cular  c ap i l l ary b l o o d  

f l ow ( C ouro t  and Joffr e , 1 9 7 7 )  and in the concent rat i on o f  

ABP i n  r e t e  t e s t i s  f luid  ( J eg ou e t  a l. , 1 9 7 8�) . J ohns on 

e t  a l. ( 1 9 7 3 )  a l s o  found that  spermatogene s i s  and 

t e s t icular s t er o idogenic  ac t iv i t y  c o rr e lated  we l l  w i t h  

change s i n  pho t ope r i od and amb i en t  t emperatur e. Peaks  i n  

s exua l  act i v i ty and mat ing per formance  co inc i d ing w i t h  the 

breeding s ea s on have a l s o  b een r e p o r t e d  in r ams 

( Schanbacher and Lun s tra , 1 9 7 6; L incoln  and Dav i d s on , 1 9 7 7 ; 

Sanford  e t  a l. , 1 9 7 7; Shacke l l  e t  a l. , 1 9 7 7 ) . 

( i i )  Gonadotroph ins and Te s t i cular S t e r o i d s  

Seas onal  change s  in p l asma hormone l eve l s  have b e en 

repo r t e d  over the l a s t  few ye a r s. E l evate d  p l a sma l ev e l s  
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o f  LH ( Sanford � t a l . ,  1 9 7 4� ;  S chanbacher and Ford , 1 9 7 6 ; 

D av i e s  e t  a l . ,  1 9 7 7 ; Barr e l l  and L apwood ; 1 9 7 8a )  and FSH 

( S anford e t  a l . , 1 9 7 6 , 1 9 7 7 ; D av i e s  � t a l . ,  1 9 7 � h ave b e en 

recorded i n  summer and autumn , wh i l e p e aks in  p l asma t e s - ' 

tosterone l eve l s  have c o inc ided  w i th the he i ght  o f  the  

autumn b r eeding  s e a s on ( Katong o l e  e t  a l . ,  1 9 7 4 ; S anford 

et a l . ,  1 974 a ; Schanbacher  and Ford 1 9 7 6 ; Davi e �  � t a l . , 

1 977 ; Barr e l l  and L apwo o d , 1 9 7 8 a ) . On the o ther  hand 

Schanbacher and Ford ( 1 9 7 6 )  found no s e a s ona l  cyc l e  in 

p l a sma o e s t r ad i o l  concentra t i on s . 

Katongo l e  e t  a l . ( 1 9 7 4 )  sugg e s ted  that  changes  i n  

t h e  frequency , amp l i tude and dur a t i on o f  pul s at i l e hormone 

r e l e a s e  may be imp or t ant parame t e r s  of reproduc t ive 

s e a s ona l i ty in rams . Mor e  frequent pul sat i l e LH and 

t e s t o s terone r e l e a s e s  genera l ly have been recorded  dur ing 

the  summer and autumn pho t op e r i ods  ( S anford et  a l . ,  1 9 7 4£ ;  

L incoln , 1 9 7 6a ; L inco ln  e t  a l . ,  1 9 7 6 ; Wi l s on and L apwood , 

1 9 7 8�) . Recent ly , S anford e t  a l . ( 1 9 7 7 ) reported  that a s  

t h e  autumn b r e e d ing s e a s on p r ogre s s ed the r e  w a s  a n  inc r e a s e  

in  frequency o f  L H  pu l s e s  whi l e  p e ak h e i g h t  and mean b a s a l  

l eve l s  d e c l ined ; the r e  a l s o  w a s  a n  increas e  in b a s e l in e  

and p e a k  l eve l s  o f  t e s to s t erone sugg e s t ing t h a t  t h e  t e s te s  

b e c ome mor e s en s i t ive t o  LH a s  the s e a s on progre s s e d . 

P i tu i t ary  s en s i t ivity  t o  s ynthe t i c  GnRH a l s o  has  b een shown 

t o  vary with  the s t ag e  o f  the  photoperi o d - induced  s e a s on a l  

s exual cyc l e  ( L inco ln , 1 9 7 7 ,  1 9 7 8�) , support ing t h e  c oncept 

that  s ea s onal  var i a t i on s  in  s ens i t ivity of the  hyp o tha l amus 

and p i tu i t ary t o  t e s t i cu l a r  s te r o i d  feedback may b e  r e l at ed 

t o  the  corre spond ing chang e s  in ep i s odic  hormone r e l e a s e  

( Ka t on g o l e  e t  a l . ,  1 9 7 4 ; L inco ln , 1 9 7 6�). S e as on a l  var i a t i on in 
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. gonadotrophin s e c r e t i on may occur becaus e , a s  P e l l e t i e r  and 

O r tavant ( 1 9 7 5�) sugge s te d , " the  decreas ing l i ght  photo ­

p e r i o d  has  two e f fect s : 

1 )  s t imul a t i on o f  gonado trophin r e l e a s e  

2 )  l ower ing  t h e  int en s i ty o f  t h e  negat ive  fe edback 

o f  t e s t i cu l a r  androgens . 

Conve r s l y , inc r e a s ing l ight phot op e r i o d  

1 )  i s  inh ib i tory  o r  at  l e a s t  l e s s  s t imul a t o ry t o  LH 

r e l e a s e  

2 )  incre a s e s  t h e  negat ive feedb ack e ff e c t  o f  

androgens o n  hyp o t h a l amo - hypophys e a l  act ivity . "  

( i i i )  Pro l act in 

P l a sma p r o l ac t in l eve l s  show the  mo s t  marked  

s e a s onal  cyc l e  of  chan g e s  of  the  reproduc t iv e  hormone s in 

r ams . Length o f  the  da i ly photop e r i o d  i s  c l o s e ly r e l at ed 

t o  the  l eve l s  mon i t or e d  in b l ood , w i th peak and l owe s t  

concentr a t i on s  be ing r e corded  at  the  summer and winter  

s o l s t i ce s , r e s p e c t ive ly  ( Pe l l e t i e r , 1 9 7 3; Ravaul t ,  1 9 7 6; 

Barre l l  and L apwo od , 1 9 7 8� , £) . Amb i ent  t emp er a ture may 

p l ay a r o l e  in regu l a t ing p r o l ac t in leve l s , as has b e en 

s hown in cat t l e  (We t t eman and Tucker , 1 9 7 4; Smi th e t  a� . ,  

1 9 7 7 ) , but exp e r iment s  w i t h  r ams in  photop e r iod - contro l l e d , 

c on s t ant - t empe r ature r o oms have s hown that l eng th o f  

day l ight i s  t h e  maj o r  influence ( P e l l e t ie r , 1 9 7 3; Barr e l l  

and Lapwood , 1 9 7 8 c ) . 

( iv)  Photoper i o d  

Exper iments  invo lving manipu l a t i on o f  ar t i f i c i a l  

pho t op e r iods  have c on f i rmed the imp o rtance o f  da i ly 

phot ope r i od in  r e gu l at ing  reproduc t ive funct i on in r ams . 



L inco ln and h i s  c o l l e a gue s have done muc h  work on the  

p ho t o s ens i t iv e  Soay b re ed whi ch . .  i s  thought t o  re s emb l e  the 

anc e s t r a l  wi l d  s he ep from which  dome s t i c  b reeds  have 

evo lved  (Jewe l l  et a l . , 1 9 7 4 ) . The s e  an ima l s  have more 

p ronounced s e a s ona l r eproduc t iv e  change s  than sheep o f  

dome s t ic b r e e d s . Abrup t l ight ing changes  from " l ong - day" 

pho t op e r i od s  of 1 6  hours  l i ght : 8 dark ( 1 6L : 8D )  t o  

" s h or t - day" phot oper i od s  ( 8 L : l 6D )  reduce p l a sma p r o l ac t in 

l e ve l s ,  s t imul at e  FSH and LH s ecre t i on and inc r e a s e  

t e s t o s t erone l eve l s , t e s t i cular  s i z e  and s exua l act ivity . 
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A change back t o  " l ong - day" phot op e r i o d s  induces  t e s t i cu l a r  

r e g r e s s i on ,  a decl ine i n  gonad o t roph in leve l s  and a r i s e  i n  

p r o l ac t in s ecre t i on ( L incoln , 1 9 7 6� ,  1 9 7 8�; L incoln and 

P e e t , 1 9 7 7; L incoln  and Dav i d s on , 1 9 7 7; L inco ln e t  a l . ,  

1 9 7 7 , 1 9 7 8 ) . S imi l a r  ob s erva t i ons have b een r e corded by 

Pe 1 1 e t i e r  and Ortavant ( 1 9 7 S a , b )  us ing I l e - de - France r ams 

and wethers  and by S anford et a l . ( 1 9 7 8 )  us ing F inni s h  

L andrace r ams o n  s ix - monthly r e duced " annua l "  pho t op e r i o d i c  

cyc l e s . Barre l l  and Lapwo od ( 1 9 7 8£ , d ) , ut i l i z ing N . Z .  

Romney r ams on norma l ; even ( 1 2 L : l 2 D )  or  reve r s e d  s e a s onal  

l ight cyc l e s , found tha t the normal s e as onal  patt erns in  

s eminal fructo s e  and p l a sma t e s to s t e r one l eve l s  were  

d i s rupt e d  in an ima l s  on the  r ever s e d  l i ght cycl e ,  wh i l e 

p r o l a c t in l eve l s  wer e  c l o s e ly r e l at e d  t o  dayl i ght  l ength 

i n  a l l anima l s . Thus in r ams , pho t ope r iod  app e a r s  t o  

s t imulate  r ep roduct ive funct ion dur ing short  pho t op e r i o d s  

and supp r e s s  i t  dur ing l onger  pho t op e r i ods . 

The way in wh i ch anima l s  p e r c e ive s e a s onal  change s  in 

phot op e r i o d i c  cyc l e s  has  b e en specu l a t ed upon by Menaker  
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\ 
· ( 1 9 7 l )  . . .  " In mo s t  o f  the  photop e r i o d i c  s y s t ems which  have 

b e en inve s t igated  in any de t a i l  the organ i sm appears  t o  

measure day l ength n o t  b y  measur ing t h e  l ength o f  t h e  l i ght  

p e r i o d , nor  by measur ing the l ength of  the  dark  period  nor  

again  by measur ing the  r a t i o  of  the  l i ght  period  t o  the  

dark  per i o d . Rathe r , or gan i sms d i s t ingu i s h  b e twe en 

induc t ive and non - induct ive day l engths  by a s s e s s ing whe the r 

o r  not  l ight i s  p r e s ent at  a part i cu l a r  pha s e  p o int  on an 

endogenous c ircadian rhythm of s ens i t iv i ty to i t s  induct iv e  

e ffec t s . "  Th i s  a l s o  app ears  t o  b e  the c a s e  i n  rams, for  

e xamp l e  L inco ln ( 1 9 7 8 a )  ind i cated  that  a change i n  the  

t o t a l  quant i ty of  l i ght over  2 4  hours  in the S oay ram was  

not  a prer equi s i t e  f o r  the phot op e r i o d i c  re spons e . Al s o  by 

us ing a one hour  l i ght pu l s e  to  interrupt the dark pha s e  

Ravaul t  e t  al . ( 1 9 7 6 ) , Garn i e r  e t  a l . ( 1 9 7 7�) and Ravaul t  

and Ort avant ( 1 9 7 7 )  have shown that the re sponse  t o  l i gh t  

var i e s  over 2 4  hours w i th a pho t o s ens i t ive pha s e  ex i s t in g  

1 6  hours after  t h e  " sub j e c t ive dawn . "  Howeve r ,  the 

p o s s ib i l i ty that the  t iming of th i s  s en s i t ive pha s e  a l t e r s  

throughout the s ea s on ' has  b e en sugg e s t e d  ( Ravau l t  and 

Ort avant , 1 9 7 7 ) . I t  was  prop o s e d  that dur ing such a 

pho t o s ens i t ive pha s e  the  p r e s ence o f  l i ght  ( c orre spond ing 

t o  l ong pho t op e r i od s )  wou l d  s t imu l a t e  pro l ac t in and suppre s s  

gonodatrophin s ecre t i on ,  whi l e the  ab s ence o f  l i ght 

( c or r e s p onding t o  s h o r t  pho t op er i ods ) wou l d  have the 

opp o s i t e  e ffec t . Th i s  sugg e s t s  that c ircadian rhythms may 

be invo lved in med i at ing s e a s ona l cyc l e s . F ina l ly ,  L in c o ln 

and Dav i d s on ( 1 9 7 7 ) c ommented : " i t may the r e fore  b e  

n e c e s s ary t o  env i s age  the r o l e  o f  pho t op e r i o d  i n  s h e e p  a s  



b e ing t o  cont r o l  the t ime o f  the  s exual  cyc l e  r ather  than 

the  cause  o f  i t . In  natural  c ondi t i ons with  a s e a s ona l ly 

changing pho t oper iod , the s t imu l a t ory  ( autumn) and 

inhib i t ory ( spr ing)  effe c t s  o f  dayl ength descr ibed  ab ove 

woul d  operate to  entr a in the cyc l e  to  the changes  in the 

envi ronment . "  

(v) Transm i s s i on o f  Phot ope r i od i c  S t imu l i  

The pathway b y  wh ich  l ight i s  transmi t t e d  to  

i n fluence hyp o t h a l ami c - hypophys e a l  func t i on has  not  b e en 

e s t ab l i shed  in r ams , however much work has b e en done in 

r odent s . Re s e ar ch into the e ff e c t s  o f  photop er iod  on 

hypothalam i c  funct i on ha s invo lved  two ma in pathways , one 

b e ing d i r e c t  re t ino - hypo th a l amic  t r ac t s  and the o th e r  v i a  

the  p ine a l  g l and . 
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A l t hough G anong e t  a l . ( 1 9 6 3 ) found t h a t  a s ma l l  

amount o f  env i ronment al  l ight c o u l d  p ene trate  the b r a in o f  

sheep and other  an ima l s , and s t i mu late  a phot o ce l l , the  

only  d e f in i t e ly known pho torecept o r s  in mamma l s  a r e  tho s e  

o f  t h e  r e t inae (Wurtman , 1 9 6 7 ) . 

The Har d e r i an g iands , l o c a t e d  b eh ind and ar ound the 

eye s , have b e en sugge s t e d  to cont a in extra - re t inal  photo ­

r iceptors  inf luen c ing b o th the suprachiasmat ic  a r e a  o f  the  

hypothalamus and the p ineal  g l and in  rats  (We t t erberg  

e t  a l . , 1 9 7 0 ; Bubenik et  a l . ,  1 9 7 6 )  but there  i s  no  evidence 

sug g e s t ing that the s e  g l ands have any phys i o l o g i c a l  

s i gn i fi c ance  i n  med i a t ing the e ff e c t s o f  l i ght o n  

reproduc t i on .  

Pho t ic impul s e s  from the  r e t inae can trave l t o  the 

sup rach i asmat i c  nuc l eus of the  hypothalamus by way o f  



d i re c t  r e t in o - hypothalamic  t r ac t s  (Wurtman , 1 9 6 7 ; Moor e , 

1 9 7 3 ) . 

3 2  

The v i sua l pathways from the r e t inae t o  t h e  p in e a l  

are  thought to  inc lude the infe r ior  acc e s sory opt i c tract , 

med i a l  forebrain  bund l e , med i a l  t e rminal nuc l eu s  o f  

acce s s ory o p t i c  sys t em ,  pre gang l ion i c  s ympath e t i c  t r ac t s  in 

the sp inal cord , sup e r i or c e r v i c a l  g ang l i a  and p o s t ­

g angl i o n i c  sympathe t i c  fibr e s  (Moore  e t  a l . ,  1 9 6 8 ; Axe lrod , 

1 9 7 4 ; Moore  and Kle in , 1 9 7 4 ) . The r o l e  o f  the  p in e a l  in 

r egul at ing  reproduc t i on w i l l  be d i s cus s ed in a l at e r  

s ect i on (page  4 0 ) .  

B .  REPRODUCT IVE DEVELOPMENT 

1 .  F o e ia l  

The s ex o f  an ind i v i du a l  i s  d e t ermine d a t  conce p t i on 

and a t  an e a r l y  age , gene t i c  fac t o r s  contr o l  

d i fferent i a t i on of  the gonadal  pr imord i a  into  e i ther  t e s te s  

o r  ovar i e s  ( J o s t , 1 9 7 6 ) . 

H i s t o l o g i c a l  evidenc e has  s hown that d i ffe rent i a t i on 

o f  t e s t � s  in sheep foe tus e s  t ak e s  p l ace  3 5  days  after  

c oncep t i on , whi l e  the s cr o tum c an b e  d i s t ingu i shed  a t  4 5  

days ( Saps ford , 1 9 6 2 ; At t a l  e t  a l . ,  1 9 7 2 ) . Andro gens  have 

b een d e t e c t e d  in fo e t a l  gonad s as early  as 30 days  after  

mat ing (At ta l ,  1 9 6 9 )  and this  ear ly product i on probably  

is  r e spons ib l e  for morpho l o g i c a l  s exua l d i fferent i a t i on . 

Tes t i cu l a r  androgenic  act i v i ty d e c l ine s by m i d - g e s t a t i on ,  

whi l e  androgen produc t i on by the foe t a l  adrena l probab ly  

incre a s e s  a s  g e s t a t i on p r o c e e d s  ( P omerant z and  Nalbandov , 

1 9 7 5 ) . E xp e r iment s  inv o l v i n g  adm in i s t ra t i on o f t e s t o s t e rone 

imp l an t s  to pregnant ewe s  have s hown that d i fferent i a t i on 
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o f  Wo l ff i an duct s  and mas cu l ine deve l opment o f  the foetus  

depends  on the  pre s ence of  t e s t o s t erone early in  foe t a l  

l i fe , whi l e  regre s s i on o f  t h e  Mul le r i an duc t s  and femin ine 

deve l opment i s  not  influenced  by t e s t o s t e rone ( Short , 1 9 7 4 ; 

Al i fak i o t i s  e t  a l . ,  1 9 7 6 ; W i l s on and Tar t te l in , 1 9 7 8 ) . J e s t  

e t  a l . ( 1 9 7 3 )  sugge s t ed that  mal e  deve l opment may depend on 

a "'Mu l l er i an inhib i t or "  a s  we l l  as  the mascul i n i z ing 

inf luence of androgen . Dur ing the f i r s t  ha l f  o f  ges tat i on 

in s he ep, fo e t a l  androgen s  a l s o  e s t ab l i s h  in the  hyp o tha l amus 

the  non - cyc l i cal  ma l e  type o f  gonadotrophin s ecret i on and 

the b a s i s  of ma l e  s exua l  b ehavi our ( Short , 1 9 7 4 ) . 

Stud i e s  by F o s t e r  and c o l l eague s ( F o s t e r , 1 9 7 4 )  have 

s h own that  the foe t a l  p i t u i t ary can synthe s i z e LH from day 

6 0  o f  ge s t a t ion with  c i rcul a t ing l eve l s  b e in g  h i ghe s t  at  

mid - term and lowe s t  a t  b i rth . The  p i tu i t ary could  r e s p ond 

t o  exogenous GnRH b e fore  b i rth  but l i t t l e  GnRH act iv i ty 

could  b e  detected in the hyp o th a l amus . Cas t rat ion at  b i rth 

s howed that  gonadal  s t e r o i d s  already exert e d  ne gat ive 

f eedback c ontr o l  on the p i tu i tary in the r am ( Fo s t e r , 1 9 7 4 ) , 

whe r e a s  e s t ab l i shment o f  an inh ib in- FSH f e e db ack mechan i sm 

probably  does  not  o ccur unt i l  5 - 8 weeks  a f t e r  b irth ( B l anc 

and Terqu i , 1 9 7 6 ) . 

2 .  P os t - natal  

( i )  Bodywe i gh t , Gonads and Repr od�c t iv� Trac t 

Reproduct ive d eve l opment in  New Z e a l and Romney rams 

has b e en s tudi e d  b y  S t e ffert  ( 1 9 7 1 ) and Wi l s on and L apwo od  

( 1 9 7 8 a , b , £) . Bodywe ight  is  a mor e  imp o r t ant  determinant o f  

reproduc t ive deve l opment in rams than i s  a g e  (Dyrmunds s on , 

1 9 7 3 ) . Bodywe ight increa s e s  rap i d ly from b irth then b e g in s  
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to l eve l o f f  from ab o�t 1 2 0  days o f  age . Te s t icular  

we i gh t s  incr e a s e  gradual ly from b i rth , then more s harp ly  

from about 70  days  o f  age , corre spond ing to  the  t ime of  

f ir s t  appe arance  of  p r imary sperma t o cy t e s . With the ons e t  

o f  rap i d  t e s t i cu lar  g rowth b e twe en 2 and 6 month s , 

support ing ce l l s  pro l iferate  and deve l op into S e rt o l i  c e l l s  

whi l e  th� g onocyte s  d i fferent i a t e  into  type A sperma t o g o n i a, 

and eventua l ly sperma t o z o a  are produc e d  ( Sap s ford , 1 9 6 2 ) . 

The progre s s ive deve l opment o f  spermat o g onia , 

spermatocyt e s , spermat ids  and sp erma to z oa i s  corre l at e d  

w i t h  a g e  and t e s t i s  we i ght ( Couro t , 1 9 6 2 ; Ort avant e t  a l . ,  

1 9 6 9 )  

Sp erma t og ene s i s  i s  e s t ab l i shed  b y  2 2  we eks  a f t e r  

b ir t h , b u t  t e s t i cu l a r  we ight s , s t ero ido gene s i s  and b o t h  t h e  

qua l i ty and quan t i ty o f  sperm produc t i on cont inue t o  

increase  unt i l  fu l l  adu l thood h a s  b e en reached ( S t e ffer t , 

1 9 7 1 ;  Wi l s on and L apwood , 1 9 7 8£) . S im i l ar patt erns o f  

dev e l opment in Suf f o l k  rams h ave b e en recorded b y  Sk inner  

e t  a l . ( 1 9 6 8) , a l th ough there  are  b r e e d  di fferenc e s  in  the  

age  o f  f i r s t  appearance o f  sperma t o z o a  (Dyrmund s s on ,  1 9 7 3 ) . 

A s s o c i ated  with  the  increas e in t e s t i s  we i ght s i s  an 

incre a s e  in t e s t i c u l ar s te r o idogene s i s , acce s s ory s ex g l and 

activity , gene r a l  reproduc t ive t r a c t  growth , sp erm mo t i l i ty 

and a d e cr e a s e  in the percentage  o f  abnorma l sp erm ( Sk inner 

e t  a l . , 1 9 6 8 ; Skinner and Rows on , 1 9 6 8 ;  Wi l s on and L apwo o d , 

1 9 7 8 a , £) . 

( i i )  LH and FSH 

P l a sma LH l eve l s  inc r e a s e  from b ir th t o  about 7 0  d ays 

o f  age and r ema in  e l evated unt i l  the 1 5 th we ek of l i fe 



( C ouro t  e t  a l . ,  1 9 7 5 ; L e e  e t  a l . ,  1 9 7 6! ;  Wi l s c� and 

Lapwood , 1 9 7 8 a ) . Lamb s b o rn out of  s eason a l s o  s how t h i s  

pattern o f  chang ing L H  l eve l s  ( C o t t a  e t  a l . ,  1 9 7 5 ; Courot 

et  a l . ,  1 9 7 5 ) . 
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F o s t er e t  a l . ( 1 9 7 8 ) found that pul s at i l e  r e l e a s e  o f  

L H  can o ccur a s  early  a s  1 - 3  wee ks o f  age  i n  rams . The s e  

autho r s  a l s o  reported  that L H  pu l s e s  r e s u l te d  in 

t e s t o s t e r one s e cret ion fLom the age  o f  ons e t  of pul s at i l e  

L H  r e l e a s e  onwards , whe reas  Wi l s on and L apwo od ( 1 9 7 8!) 

s howe d  that  LH pul s e s  d i d  no t a lways r e s u l t  in c on s i s t ent  

increa s e s  in t e s tos t erone s ecre t i on unt i l  after  2 months of  

age . With  advanc ing age , l ow e r  LH  l eve l s  are  r e qu ired t o  

main t a in increas ing t e s t o s t e rone s e cr e t i on ( Fo s t e r , 1 9 7 4 ; 

Wi l s on and L apwood , 1 9 7 8 a ) . 

P la sma FSH l eve l s  a l s o  incr e a s e  t o  a p eak a t  5 weeks 

of  age a f t e r  wh i ch they s how a sma l l  d e c l ine and then 

p l a t e au ( L e e  et  a l . , 1 9 7 6!) . The decl ine after 5 we eks  may 

be due to the e s tab l i s hment  o f  an inhib in- FSH f e e dback 

mechan i sm ( B l anc and Terqu i , 1 9 7 6 ) . Both the p l a sma LH and 

FSH leve l incre a s e s  dur ing the  e ar ly p o s tn a t a l  p e r iod  are 

para l l e l l e d  by s imi l ar incre a s e s  in p i tuit ary gonado trophin 

cont ent ( S k inner e t  a l . ,  1 9 6 8 ; Courot et  a l . , 1 9 7 5 ) . 

( i i i )  Pro l ac t in 

Spr ing b orn l amb s  s how a r ap id incre a s e  in p l a sma 

pro l a c t i n  l eve l s  from b ir th and then s ecre t i on f o l l ows the 

phot op e r i o d - induced s e a s on a l  p a t t erns se en in adu l t s  

(Wi l s on and Lapwood , 1 9 7 8 a ) . Lamb s  b o rn in autumn have 

very l ow p l a sma pro l ac t in concentr a t i ons , but there is a 

d i s t inct  p eak at  1 2  weeks  o f  age , co inc i d ing w i th the ons e t  
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o f  t h e  rap id increa s e  in  t e s t i cular  growth and 

spermatogenic  ac t iv i ty ( Ravau l t  and Couro t , 1 9 7 5 ; Ravau l t , 

1 9 7 6 ) . Pho t oper iod - induce d  h i gh p lasma p r o l a c t in l eve l s  in 

spr ing b orn an ima l s  p r ob ab ly  mas k  chan g e s  whi ch otherw i s e  

may b e  a s s oc ia t e d  w i t h  the  s tage  o f  reproduc t ive 

deve l opment . 

( iv )  Te s t i cu l ar S t e r o i d s  

In  rams,  t e s t o s t er one i s  the dominant  andr ogen from 

b ir th ( Sk inner  e t  a l . ,  1 9 6 8 ;  At t a l  et a l . ,  1 9 7 2 ) . 

Te s t i cu l ar androgen c ont ent has  b e en s hown t o  decrease  from 

b ir t h  unt i l  2 0  days o f  age, then sub s e quent ly  increase  w i th 

age  from the 2 5 th day, w i th h i ghe s t  l eve l s  b e ing r ecorded  in 

3 y e ar o l d  an ima l s  (At t a l  et a l . ,  1 9 7 2 ) . S imi l a r ly 

s p e rma t i c  and j ugu l a r  v e in p lasma t e s to s terone l eve l s  

increase  gradua l ly from b irth and then more rap i dly from 

about 1 5 0  days of age w i t h  h i gh leve l s  be ing a t t a ined in 

the  adu l t  (Cr im and G e s chwind , 1 9 7 2 a , Lee et a l . ,  1 9 7 6 a ; 

Wi l s on and L apwood , 1 9 7 8�) . L e e  e t  a l . ( 1 9 7 6�) found that 

p l a sma t e s t o s t erone leve l s  p e aked  at  40  we eks  of  age  wh i l e  

Wi l l i ams e t  a l . ( 1 9 7 6 )  recorded h i gher  androgen l eve l s  in 

y e a r l ing rams than in  adu l t s . O e s t rone and o e s trad i o l  have 

b e en d e t e c t e d  in the t e s t e s  of newb orn l amb s , but i t  was 

cons idered  that they were  of mat erna l o r i g in , rather than 

b e ing a product  o f  t e s t i cu lar  o e s t ro gen s ynthe s i s , s ince  

o e s t ro gens were me a s ured  in the t e s te s  only from 20  days  o f  

a g e  onwards  (At t a l  e t  al . ,  1 9 7 2 ) . 

3. Ons et o f  Pub er ty 

' 'Pub e r ty i s  a p ha s e  in deve l opment in l amb s and 

spermato z o a  appear  t owards the end o f  thi s  phas e . I t  i s  that  
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t ime when t he s e cret ion  o f  andr o g en , in r e spons e t o  

p i tu i t ary  g onado troph ins , a cc e l er a t e s  the  deve l opment o f  

the i r  t ar g e t organ s  and the s ec ondary s exual 

chara c te r i s t i c s  deve lop"  ( S k inne r  e t  a l . ,  1 9 6 8 ) . That  the 

ini t ia t i on of puberty was induc e d  by the bra in rather  than 

the  p i tut i ary was f i r s t  s hown by Harr i s  and Jacob s ohn 

( 1 9 5 2 ) , who t rans ferred  p i tuitar i e s  from immatur e r a t s  t o  

b e l ow the  med i an eminence o f  adu l t  an imal s  and found that  

they ma intained  adu l t  func t ion . 

A p opul ar v i ew o f  the  r o l e  o f  the b r a in in pub e r t a l  

in i t i at i on i s  the gonado s t at the ory prop o s e d  by Ramire z and 

McCann ( 1 9 6 3 ) . Accord ing to  th i s  the ory pub erty  occurs 

when the hyp o t ha l amic  gonado s ta t , very s ens i t ive  to  s t e r o i d  

ne g a t ive  feedb ack , gradua l ly b e c omes  l e s s  s en s i t ive , t hu s  

a l l ow ing gonadotroph i c  s ec r e t i on t o  increase  and that in  

turn s t imul a t e s  t e s t icular  s t er o idogene s i s  and the ons e t  

o f  s perma togene s i s . Howeve r , i t  i s  b e c oming app arent that  

s exua l maturat ion invo lve s more than a mere  d e c r ea se in  the  

s en s i t ivity of  the hypotha l amus to  gonadal  s t e r o i d  feedback. 

Ma l e  r a t s , wh ich  r e ach pub erty  at about 50 days  o f  

age , have b e en ut i l i z e d  a s  mod e l s  o f  r eproduct ive 

matura t i on in two re cent r ev i ews (McC ann , 1 9 7 6 ; Ode l l  and 

Swe r dl o f f , 1 9 7 6 ) . I t  i s  p o s tu l a t e d  that the g onads o f  

n e onat a l  r a t s  are  unr e s p on s ive o r  p o o r ly r e s p on s ive t o  LH 

and LH i s  ine ffect ive in c au s ing  androgen s e cr e t i on . 

Howeve r , the  gonads are r e spons ive t o  FSH from b i rth  and 

a r i s e  in p l a sma FSH l e ve l s  s ome 1 0  days b e fo r e  the ons e t  

o f  pub erty (McCann , 1 9 7 6 ) , p o s s ib ly in s yne r g i sm w i th 

p r o l ac t in and growth hormone , induce s  incre a s e d  
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t e s t i cular r e spons ivene s s  t o  LH by increas ing � h e  numb e r  o f  

t e s t i cular  r e cep t or s . FSH s ec r e t i on i �  gradu a l l y  

r e s t r a ined a s  gonad a l  s t e r o i d  ( and p o s s i b l y  inhib in)  

s ec r e t i on incre a s e s . The pat t e rn o f  p i tuitary r e s p ons e s  t o  

GnRH a l s o  change s  a s  the r e l a t ive FSH t o  LH r e s p on s e s  are  

gre a t e r  in immature anima l s  and  l e s s  in adul t s . 

Hypothalamic  p i tui t ary s en s i t i v i ty t o  s t ero i d  feedback 

suppre s s ion  o f  LH may decre a s e  with  mat urat i on but  i t s  

imp o r t ance i n  the c ontr o l  o f  pub er t a l  ons et  has  b een 

que s t i oned (Donovan , 1 9 7 4 ; McCann , 1 9 7 6 ; Ode l l  and 

Swerd l o ff , 1 9 7 6 ; Leva s s eur , 1 9 7 7 ) ; t h i s  has occurred 

b ecau s e  a decre a s e  in  p i tu i tary gonadotroph in s e cre t i on and 

an incre a s e  in  t e s t i cu l ar s t er o i d  s e cret ion do n o t  occur  a t  

the t ime when pub e r ty i s  i n i t i a t e d . H owever , the  ab s o lu t e  

amounts  o f  s te r o i d s  "pre s ented"  to  the  b rain may b e  

regulated  by t h e  c oncentrat i on o f  s t er o i d  b inding pro t e ins  

which  incre a s e  prior  t o  the ons e t  of  pub erty ( P l ap inger  and 

McEwen , 1 9 7 3 ; Kato , 1 9 7 6 ; Nune z et a l . ,  1 9 7 6 ) . Pub e r t a l  

deve l opment a l s o  i s  a s s oc ia t e d  w i th an inc r e a s e  in 

r e s p ons ivene s s  of acce s s ory s ex o r g an s  to  androgens (O j eda  

and Ramir e z , 1 9 7 3/ 7 4 ) . 

F o e t a l  l amb s e xp e r i ence  a p e r i o d  o f  inc r e a s e d  

p i t u i t ary and t e s t i cu l ar ac t ivity  (At t a l , 1 9 6 9 ; F o s t e r  

1 9 7 4 )  whi ch decre as e s  s oon a f t e r  b ir th (At t a l  e t  a l . ,  1 9 7 2 , 

Fos t er , 1 9 7 4 ) . Further  deve l opment  t akes  p l ac e  dur ing the  

s e c ond month  after  b irth  a s  s e en by : an  inc r e a s e  in  

p i tu i t ary and  per ipher a l  p l a sma g onadotroph in l eve l s  

( Sk inne r  e t  a l . ,  1 9 6 8 ; Courot  e t  a l . ,  1 9 7 5 ; L e e  e t  a l . ,  

1 9 7 6 a ;  Wi l s on and L apwoo d  1 9 7 8 a ) ; a h i gher frequency and 
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greater  amp l i tude o f  pu l s at i l e  LH r e l e a s e s  ( Fo s ter  e t  a l . ,  
I 

1 9 7 8 ) ; the deve l opment o f  a gr eater  quant i tat ive r e l at i on -

s h ip b e tween LH and t e s t o s t e rone re l e a s e s  ( F o s t er 1 9 7 4 ; 

W i l s on and Lapwo o d , 1 9 7 8 a ) ; and an increa s e  in the  

s ens i t iv i ty o f  the  p i tu i t ary to  GnRH ( G a l l oway and 

Pe l l e t ie�  1 9 7 4 ; L e e  e t  a l . ,  1 9 7 6� ;  Wi l son  and Lapwo o d , 

1 9 7 8h ) . Leva s s eur ( 1 9 7 7 )  sugge s t e d  that  thi s incre a s e  i n  

p i tu i t ary funct i on was re l at e d  t o  a gradua l l e s s en ing o f  

central  nervous sy s t em inh ib i t i on o f  t h e  hyp o thal ami c �  

p it u i t ary un i t  which occurred after  b irth . Hyyppa ( 1 9 7 4 )  

sugge s te d  that the neuroendocr ine c ontrol  o f  pub erty may 

invo lve hyp o th a l amic  maturat i on s ince  hypotha l am i c  

neuroamines  incre a s e  t o  adul t leve l s  s ome days b e fore 

pub e r ty in rat s . The ons e t  of puberty  can be inf luence d  

b y  extrahypoth a l amic  areas  s uch a s  the l imb i c  sys t em ,  

m i db r a i n  and p ine a l  g l and , a s  we l l  a s  b y  the env ironment .  

I t  may a l s o  depend on the  a t t ainment o f  a cr i t i c a l  b ody 

we i ght  and a c erta in leve l of b a s a l  me t ab o l i sm (Donovan and 

van der  We rff  t en B o s ch , 1 9 6 5 ;  C r i tchlow and B ar - Se l a , 

1 9 6 7 ; Fr i s ch , 1 9 7 4 ; L evas s eur , 1 9 7 7 ) . 

4 .  Influence s  o f  the  Genotype and Env ironment  

Dfrmund s s on ( 1 9 7 3 )  summar i z ed data  from var iou s  

s ource s wh i ch showed that  t h e r e  we r e  w ide  d i fferenc e s  in 

the ages  and b odywe ights  at wh i c h  ram l amb s o f  var i ou s  

b r e e d s  exh ib i ted pub er t y . Sub s equent ly  L and ( 1 9 7 8 )  

showed that whi l e  F i nn i sh L andrace rams and ewe s w i l l  

breed  i n  the ir  f i r s t  s e as on a s  l amb s , very few Mer in o s  w i l l  

breed  unt i l  the next b r e e d ing s e a s on . Dyrmunds s on and L e e s  

( 1 9 7 2 a , b , c ) sugge s t e d  t h a t  pho t op e r iod  inf luenced t h e  ons e t  
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o f  b r e e d ing act ivi ty fo l l owing the obs erva t i on that ram 

and ewe l amb s b orn d11r ing the e ar l i e r  part o f  the l amb ing 

s ea s on a t t a ined matur i ty at greater  ages  and heavier  

b o dywe i g h t s  than t h o s e  b orn  dur ing the l at te r  part  o f  the  

lamb in g  s ea s on . L and ( 1 9 7 8 ) a l s o  found a s e a s on a l  e ffect  

�n  the  age  o f  puberty , w i th b r e e d  d i fferenc e s  in the 

r es p on s e  t o  pho tope r i od i c  influence s on s exua l  deve l opment . 

Autumn b orn l amb s s how pre coc i ous  t e s t i cu l ar 

deve l opment fo l l owing a l arger  gonadotroph in s t imulus  

a t tr ibutab l e  to the more favourab l e  pho t oper i o d , compared  

wi th that  t o  wh i ch spr ing  b orn an ima l s  were  exp o s e d  

( Couro t  e t  a l . ,  1 9 7 5 ) . S imi l ar ly , spring  b o rn l amb s 

subj e ct e d  to a reve r s e d  (decre a s in g )  l ight ing  cyc l e  showed  

greater  sperm produc t i on than l amb s ma intained  on a norma l 

( incre a s ing)  pho toper i o d  (Albe r i o  and C o l as , 1 9 7 6 ) . 

However , l i t t l e  i s  known o f  the phys i o l o g i c a l  e ffe c t s  o f  

s ea s on o n  the on s e t  o f  pub e rty in rams . 

C .  THE P I NEAL GLAND 

T�e ep iphys i s  c e r eb r i  or p ineal  g l and , s o  named 

b ec au s e  o f  i t s  r e s emb l ance to  a p ineapp l e  o r  a p ine c one , 

has  b e en the subj e c t  o f  s everal  c omprehens ive reviews 

(Wur tman e t  a l . , 1 9 6 8 ; Wo l s t enho lme and Kn i gh t , 1 9 7 1 ; 

Re l k in , 1 9 7 6 ; Re i t er , 1 9 7 7 ) . 

1 .  Anatomy and Innervat ion 

The anatomy of ovine and b ovine p ine a l s  has b e en 

ext en s ive ly  d e s c r ib e d  b y  Ander s on ( 1 9 6 5 ) . Embryo l o g i c a l ly ,  

the  p ineal  ar i s e s  a s  a med i an evagin a t i on o f  the 

d iencepha l i c  r o o f  of the  third ventr i c l e , b e tween the 



anlagen o f  the  habenu l ar c ommi s sure ros t r a l ly and the 

p o s t e r i o r  comm i s sure  c audal ly . Although it  dev e l op s  from 

the b r a in , i t  i s  an end organ of the per ipheral  aut onomi c 

s y s t em w i th no nervou� conn ec t i on s  with  the bra in  proper 

(Kappe r s ,  1 9 7 1 ) . 
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The p in e a l  l ie s  i n  c l o s e  proximity  t o  the 

cerebr o sp in a l  f lu i d  a s  the p in e a l  rece s s  o f  the  t h i rd 

vent� i c l e  l i e s  in  the  l ower extremi ty o f  the g l and and 

reach e s  into  the l ower mo s t  part  o f  the p ine a l  par enchyma . 

On the  dor s a l  s ide , ext ens i on s  o f  the third ven t r i c l e  form 

the s uprap ine a l  r e c e s s .  The p ineal  g l and i s  we l l  

vas cu l ar i s ed and rough ly d iv i de d  into ind i s t in c t  l obul e s  by 

trab e c � l a e  from the  capsul e .  Two ma in c e l l  typ e s  

cons t i tute  t he p ine a l  p ar enchyma , s ecre t ory p in e a l ocyt e s  

and s upport ing g l ia l  ce l l s . 

The p in e a l  i s  mainly  innervated  by symp a the t i c  p o s t ­

g ang l i oni c  neurons from the  cran i a l  ( r o s tra!  o r  s uper i o r )  

cervi c a l  gang l i a  whi ch ent e r  t h e  p in e a l  parenchyma as  the  

nerve  c onar i i, or  in company wi th  b l o o d  ves s e l s  ( Kappers , 

1 9 7 1 ; Re i t e r , 1 9 7 7 ) . Pregang l ionic  neuron s  wh i ch may enter  

the p inea l  synap s e  on  p o s t - gang l i on i c  fib r e s  w i th in the  

g l and . 

V i sua l s t imu l i  whi c h  may influenc e p in e a l  act iv i ty 

o r i g inate  in the r e t inae . Impul s e s  t r ave r s e  the opt i c  

nerve s and eventual l y  ente r  the hyp o t ha l amu s . Some o f  

the s e  f ib re s , t o g e ther  w i th o ther  axons from 

suprach i a sma t i c  nuc l eus  neurons pas s through the  l a t e r a l  

hyp o tha l amus a s  t h e  infe r i or acc e s s ory op t i c  sys t em t o  the 

med i a l  t ermin a l  nuc l eu s  in  the  t egmentum of the midbr a in . 
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Un i d ent i fied  p athways then pro j e c t  t o  the uppe r  thorac i c  

sp inal  c ord from whe r e  the pre gang l i onic  neurons o f  the 

autonom i c  nervous s y s t em a r i s e . From here fibres  l e ave the 

cord and pas s up the s ympathe t ic t runk to the cran i a l  

cerv i c a l  gang l i a  whe r e  they synap s e  w i th p o s t - g ang l ionic  

neuron s ( Kapper s , 1 9 6 5 , 1 9 7 1 ; Moore  e t  a l . ,  1 9 6 8 ; Moore  and 

Kle in ,  1 9 7 4 ; Re i t e r , 1 9 7 7 ) . 

I n  add i t i on t o  th i s  sympathe t i c  innervat i on ,  a 

p a r asymp athe t i c  c omp onent ar i s ing from the sup e r ior  s a l ivary 

nuc l e i , prob ab ly ex i s t s  in s ome spe c i e s , ent e r ing the 

p in e a l  a l ong with b l o o d  ve s s e l s  o r  the c anary nerve s 

( Kappe r s , 1 9 7 1 ;  Re i t e r , 1 9 7 7 ) . The i r  func t i onal  s i g n i f i c anc e  

i s  unknown a l though War tman e t  a l . ( 1 9 6 9 )  sugge s t ed that 

they med i ated  p in e a l  hydroxy indo l e - 0 - me t hy l t rans ferase  

(H I OMT ) re spons e s  t o  l ight . 

2 .  B i o chemis try 

B i o ch emi c a l ly  the p in e a l  g l and i s  ve ry act ive and 

p r obab l y  the mo s t  we l l  known of i t s  act i ons i s  the  

c onver s i on o f  the  am ino acid tryp t ophan to  the  indo l e amine s 

s e r o t onin  and me l a t on in . P ine a l  b i o chemi s try has b e en 

r ev i ewed  by Quay ( 1 9 7 4 ) . 

{ i )  Indo l e amin e s  

Me l a t onin ( r e v i ewed by Cardina l i ,  1 9 7 4 )  was f i r s t  

i s o l a t e d  from b ov ine p in e a l s  b y  Lerner e t  a l . in 1 9 5 8  and 

has s ince b e en i s o l at e d  and ident i f i ed in  s he ep p in e a l s  

(van d e  Ve e rdonk , 1 9 6 5 ;  Eb e l s  and Horwi t z - B re s s er , 1 9 7 6 )  

a s  we l l  a s  tho s e  from o ther  spec i e s . The p athway b y  wh ich  

the  p ineal  synthe s i z e s  me l atonin from t rypt ophan , has  b e en 

e s tab l i s hed a s : 



tryptophan J t ryp t ophan hydroxyl a s e  

5 - hydroxytrypt ophan J 5 - hydroxytryp t ophan decarboxy l a s e  

s er o t on in ( 5 - hydroxytryp t amine)  l seroton in - N - acetyl  tran s fera s e  ( NAT) 

N- a c e ty l s e r o t onin J HI OMT 

me l atonin ( N - acetyl - 5 - me thoxy t ryptamine ) 

C ir c ad i an rhythms have b e en d emons trated  in  the  

a c t i v i ty of  p in e a l  s erotonin ( h i gh dur ing the  day and  l ow 

a t  n i ght ) , NAT , N - acetyl s erotonin  and me latonin ( a l l  l ow 

dur ing the day and h i gh a t  night ) (Axe lrod., 1 9 7 5 )  and in  

p inea l  .b lood  f l o� wh ich  a l s o  is  greater  at n ight  ( Ro l l a g  

e t  a l . ,  1 9 7 8�) . S imi l ar l y , a c ircadian rhythm in 

noradrenal in cont ent  has been reporte d , higher leve l s  

b e ing recorded  dur ing the night  t h an the day ; t h i s  rhythm 
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c an b e  abo l i sh e d  b y  cons t ant l ight ing  or by r emoval  o f  the  

cran i a l  cerv i c a l  g ang l i a ( s e e  r e ferences  in  Axe lrod , 1 9 7 5 ; 

Ri. l k in , 1 9 7 6 ) . The mechan i sms  by wh i ch cir c ad i an 

var i a t ions  in  l ight ing , med i a t e d  b y  sympathe t i c  ne rve s ,  are 

thought to inf l uence p i n e a l  indo l e amine synthe s i s  have been 

summar i z e d  as  f o l l ows by Axe l r od ( 1 9 7 5 ) : "Mor e  

norep inephr ine i s  re l e a s e d  a t  n i ght , pre sumab ly  v i a  

c ircad i an act ivat ion o f  t h e  s uprachia smat i c  nuc l e u s . The 

r e le a s e d  neur o transmi t t e r  s t imul a t e s  the fi - adrene r g i c  

r eccp t or in  t h e  p ine a l  ce l l , whi c h  turns o n  t h e  s yn th e s i s  

o f  new N - a c e ty l trans fer a s e  mo l e cu l e s  b y  a s t i l l  unknown 

mechan i sm i nvo l ving cAMP . The increa s e  in 

N - acetyl t r an s fera s e  r e s u l t s  in a f a l l in i t s  s ub s t r a t e  
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s e r o t on in and a� e l eva t i on o f  i t s  pr oduct N - ac e ty l s e r o t onin. 

The l a t t er c ompound i s  then 0 - me thy l a t e d  t o  me l a t onin  b y  

the  p inea l  s p e c i f i c  enzyme hydroxyindo l e - 0 -

methy l trans fera s e . Th e reve r s e  proce s s  occurs dur ing the 

day t i me . "  S ome s erotonin is  e i ther further  me t ab o l i z e d  to 

hydroxy indo l e  a ce t i c  acid o r  taken up by the s ympathe t i c  

nerves wi thin  the p ine a l . L i t t l e  me l a t on in i s  r e taine d  or  

met ab o l i z e d  by the p in e a l  and there  is  s ome c ont roversy  

over  whe ther  i t  i s  s ec r e t e d  into  the  cereb r o s p inal f l u i d  

and / or the  b l ood  ( Cardina l i , 1 9 7 4 ) . Me l aton i n  h a s  b e en 

i d en t i f i e d  in the cereb r o sp inal  fluid  o f  sheep  ( Ro l lag  

et  a l . ,  1 9 7 8�) , calves  (Hed lund e t  a l . ,  1 9 7 7 ) , and humans 

( Sm i th . e t  a l . , 1 9 7 6 )  w i th a d i s t inct  incre a s e  in  n i gh t - t ime 

l e ve l s  reported  in calve s . Ro l l ag e t  al . ( 1 9 7 8£) conc luded 

that in ewe s  me l at onin  was s e c r e t ed predominan t ly into  the 

b l ood, a l though the sma l l  quant ity  s e creted  into the third  

v en t r i c le cou l d  result  in  s i gn i f i cant conc entrat i ons  in  

the  cereb r osp inal  flui d . 

A c i rcad i an rhythm o f  me latonin  concentrat i on s  has  

b e en d e t e c t ed in  the p e r ipheral  b l o o d  o f  s everal  spe c i e s  

inc lud ing sheep ( Ro l l ag and Ni swender 1 9 7 6 ; Kennaway e t  a l . , ' 

1 9 7 7 ,  1 9 7 8 ; Ro l l a g  e t  a l . , 1 9 7 8� , £) , w i th h i gher l eve l s  

b e ing a s s oc i ated  with  p e r iods  o f  darkne s s . However , 

me l a t onin  pers i s t s  in  the  p l a sma and urine o f  r a t s  and ewe s 

a f t e r  p ineal ectomy , a l th ough at much l ower  l eve l s  in r a t s  

and wi thout s ign i f i c an t  c ircad i an var iat i on s  ( O z ak i  and 

Lynch , 1 9 7 6 ; Kennaway e t  al . ,  1 9 7 7 ) . The r e t inae , 

Hard e r i an g l ands and int e s t inal muc o s a  may b e  supp l emen t a l  

s ources  o f  me l atonin ( Ra ikh l in , e t  al . ,  1 9 7 5 ; Pang e t  a l . ,  



1 9 7 6 ; Bub en i k  e t  a l . , 1 9 7 6 ) and the  me l at onin - forming 

enzyme H I OMT has been  i dent i fi e d  in  the r e t inae  and 

Harder i an g l ands of r a t s , a l though Harde r i an g l and HI OMT 

has  a d i fferent  r e a c t ion rate  c on s t ant ( Km) than p in e a l  

and r e t ina l H I OMT ( Ca r d inal i and Wur tman , 1 9 7 2 ) . 
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Me l a t on in i s  t aken up and c oncentrated b y  the 

hyp o thal amus and mid - br a in and rap idly  metab o l i z e d  there  

( C ardina l i , 1 9 7 4 ) . In  p lasma , 6 0 - 8 0 % of  me l a t onin  i s  

bound  t o  s erum a lbumin  a l t hough i t  r e t a in s  i t ' s  b i o l og i c a l  

act ivity and has  a h a l f - l i fe  o f  3 - 1 0 minutes  in  sheep 

( Ro l lag  e t  a l . ,  1 9 7 8£) . Me l a t on in is  inact ivated  by the  

l iver  and exc r e t e d  in  the  urine  (Cardina l i , 1 9 7 4 ) . 

Many inve s t i ga t o r s  have demon s t ra t ed 

ant i gonado t roph ic e ff e c t s  o f  me l a to n in which  may occur a t  

t h e  hypotha l amic  ( Kamb e r i  e t  a l . ,  1 9 7 0 ; Sorr ent ino , 1 9 7 5 )  

o r  p i tu i t ary l eve l s  (Mar t i n  and K l e in , 1 9 7 6 ; E l l i s  1 9 7 6 ) . 

I n  add i t i on ,  a d i r e c t  e ff e c t  on the t e s te s  h a s  b e en 

sugge s t ed ( E l l i s , 1 9 7 6 ) . Ant i g onadotroph i c  e ffects  o f  

me l atonin i n  s heep  have a l s o  b e en d e s c r ibe d . Roche et  a l . 

( 1 9 7 0�) f ound that  int ravenous me l a ton in infu s i on d i d  not  

a f f e c t  ovu l a t i on in  ewe s but  did  prevent the p os t ­

c a s t r at i on incr e a s e  i n  LH leve l s  1 5 - 3 0 days a f t e r  

c a s t rat i on . A l s o , R i g g s  and Ma lven ( 1 9 7 4�) found a 

depre s s i on in spontaneou s  LH r e l e a s e  in we the r s  fo l l owing 

intraven t r i cular  infu s ion  o f  s er o t on in , whi l e the 

o e s t rous cyc l e  wa s p r o l onged  and ovu l a t i on d e l ayed in ewe s  

s imi l a r l y  infu s e d  w i th s e ro t on in o r  me l a t on in ( Domans k i  

e t  a l . , 1 9 7 5 ) . 

However , s ever a l  s tu d i e s  hav e  r epo r t e d  l it t l e  o r  no  
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ant i gonadotroph i c  e ffect  o f  me l at on i n  treatment, whi l e  in  

s ome c ir cums t ances  progonad o troph i c  e ffects  have resu l t e d  

( R e i t er , 1 9 7 7 ) . Interpre t a t ion o f  r e s u l t s  i s  made c omp l ex 

b y  the inab i l i ty o f  mos t t echn ique s  ( inj ect i on , infus i on or 

imp l ant s of me l atonin)  to  reproduce the endog enous 

c ir cadian p a t t erns . I f  me l at on in i s  no t the p r imary 

p ineal  ant i g onadotrophin then it  a l mo s t  certainly  p l ays  

an impor tant role  in the  s ynthe s i s , s e c r e t i on and/ o r  

a c t ions o f  the  d e f i n i t ive hormon� _ _  ( Re i t e r � . 1 9 7 7 ) . 

( i i )  P o lypept i d e s  

P inea l  pep t i d e s  wh i ch may hav e  a phys i o l o g i c a l  r o l e  

inc lude " a  neurohypophys i a l  hormone , vasotoc in , cer t a in 

hypothalamic  r e l e a s ing fac t o r s  and a h o s t  o f  un iden t i f i e d , 

pre sump t ive  po lypep t i d e s "  (Bens on ,  1 9 7 7 ) . A numb er  o f  

non - me l a tonin p ineal  frac t i ons have b e en rep o r t ed a s  

having ant i gonad o t r ophic propert i e s  (Re iter , 1 9 7 7 ) . T o  

date  onl y  argin ine vas o t o c in , a p o t ent ant i g onado t r oph in 

(Vaughan e t  a l . ,  1 9 7 6 )  has  b e en s tructural ly iden t i f i e d  and 

i t s  pre s ence  confirmed in the  p in e a l  g l and ( Bowi e  and 

Herbert , 1 9 7 6 ) . Othe�  s t ructur a l l y  un ident i f ie d  

pre sump t iv e  p o lypeptides  and pr o t e ins  have b e en i s o l a t e d  

and rep o r t e d  t o  inh ib i t  s ome reproduct ive parame t e r s  

( Re i ter  and Vaughan , 1 9 7 7 ) . Pave l ( 1 9 7 3 )  sugge s t e d  that  

me l atonin  may func t i on b y  s t imu l a t ing the  r e l e a s e  o f  

arg inine v a s o t o c in wh ich  i n  turn was  the d e f i n i t ive  p ineal  

ant igonadot roph i c  p r inc ip l e . 

TRH , GnRH and pr inc i p l e s  w i th pro lac t in inh ib i t ing 

and r e l e a s ing ac t iv i t i e s  have b e e n  i s o lated  and i dent i f i e d  

from t h e  p inea l s  o f  several  spec i e s  (Wh i te e t  a l . ,  1 9  7 4 ;  
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B l a s k  e t  a l . , 1 9 7 6 ) . However ,  o ther r e s e arch e r s  could  not  

f ind  any evidence for the p r e s enc e o f  GnRH ( Gr adwe l l  e t  a l. , 

1 9 7 6 ; Car s on e t  a l . ,  1 9 7 7 ) . 

Al though var i ous  p o lyp ept i d e s  w i th g onado t r oph i n ­

influenc ing act i v i ty have b e en i dent i fi e d  i n  the  p inea l , 

and admin i s t r a t i on o f  t he s e  exogenous p o lypep t i d e s  c an have 

p r of ound e ffects  on var i ous  reproduct ive parame t ers , there  

i s  as yet  l i t t l e  evidence sugg e s t ing that the s e  s ub s t ances  

actua l ly are  s e cretory product s o f  the  p inea l , and  a s  such , 

r e gu l a t e  reproduc t ive fun c t i on ( Re i t e r , 1 9 7 7 ) . 

( i i i )  Infl uence o f  P i tui t ary and Te s t i cu l ar Hormon e s  

o n  t h e  P in e a l  

Many exp er iments  have shown t h a t  s e as on a l  and s exual 

cyc l e s , as we l l  a s  mod i f i c a t i on of gonad a l  s t e r o i d  l eve l s , 

can inf luence morpho l o g i c a l  and b i ochemical  parame t e r s  in 

the p ineal , sugg e s t ing a gonada l - p ineal  feedback re l a t i on ­

s h ip (Re lkin , 1 9 7 6 , Re i t e r , 1 9 7 7 ) . Card ina l i  and 

c o l l e ague s  ( s e e  review by C ardina l i  and Vac a s , 1 9 7 8 )  have 

s hown that  the r a t  p in e a l  has the propert i e s  o f  a s t e r o i d  

t a r g e t  organ whi ch i s  ab l e  to  t ake u p  and b ind  t e s t o s t e r one 

on spe c i f i c  cytop lasmic  r e cep t o r s , then conve r t  i t  to  

andro gen met abo l i t e s  and o e s trogens , wh ich induc e change s  

i n  p ro t e in synthe s i s  ( C ar d ina l i  e t  a l . ,  1 9 7 4 a , � , 1 9 7 6� ;  

-Nag l e  e t  a l . ,  1 9 7 5 ) . Al s o  i t  has  been  rep o r t e d  t h a t  t h e  

p i n e a l ocyte s ex - s t er o id r e ceptors  may b e  r e gu l at e d  b y  

c a t e ch o l amines  v i a  a (3 - adrene r g i c  r e c e p t o r  ( C ardina l i  e t  a l . ,  

1 9 7 5 a , �) .  Th i s  group a l s o  has  r ep o r t e d  t h a t  FSH , L H  and 

p r o l a c t i n  t r e a tment of c a s trated  rats  inc r e a s ed p ineal  

me l a t onin  synth e s i s  in sham- operat ed,  but  n o t  in super i o r  



c e rv ic a l  g an g l i onecto�i z e d  an ima l s  ( Cardinal i e t  a l . , 

1 9 7 6b ) . However , the phys i o log i c a l  r o l e  o f  p i t u i tary and 

t e s t i c u l ar hormone s in regu l at ing p in e a l  func t i on i s  

unknown . 

3 �  P in e a l , Photope r i od and S e a s ona l i ty 
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Length o f  the  da i ly photoperiod  i s  the s ing l e  m o s t  

importan t  factor  r e gu l at ing t h e  ant i g onadotroph i c  funct i on 

of the p in e a l  g l and (Re i t e r , 1 9 7 7 ) . We l l  de fined  s ea s on a l  

changes  in the  morpho logy  o f  t h e  p in e a l  have b e en 

d e s cribed  in the hare  ( L in c o ln , 1 9 7 6£) wh i l e  rams on l ong 

d a i ly  phot op e r i o d s  had sma l l e r  p ine a l s  than t h o s e  on 

shorter  d a i ly l i ght ing ( Fo rb e s , 1 9 7 5 ) . 

�e i t e r  ( 1 9 7 5 )  c l a imed that r e s tr i c t in g  l i ght t o  

s ev e r a l  �n ima l spec i e s  ' ' induc e s  s exual col l ap s e  and 

reproduc t ive incomp e t enc e . "  For  examp l e , in h ams t e r s , 

wh ich  have b e en e sp e c i a l ly we l l  studied , l i gh t  r e s t r i c t i on 

r e s u l t s  in  a decre a s e  in t e s t i cu lar  we i ght s , 

a s pe rma t o g ene s i s , invo lut i on o f  the  s ec ondary s ex organ s  

and a l ower ing o f  c ir cu l a t ing t e s t o s terone and 

g onado troph in leve l s . 

The mechan i sm by wh ich  chang ing pho t op e r i od s  are 

entra ined t o  regu l a t e  repr oduc t ive ac t ivity  have only 

r e c ent ly b een p o s tul ated . Both  S t e t s on and Wa t s on - Wh i tmyre 

( 1 9 7 6 )  and Rus a k  and Mor i n  ( 1 9 7 6 )  working w i th hams t ers , 

sugg e s t ed that t he s uprachia smat i c  nuc l eus  i s  invo lved in 

th� p e rc ep t i on of photope r i o d s  of d i fferent l ength . They 

found that de s t ruct i on o f  the suprach i asmat i c  nuc l eus  

r e s u l t e d  in fa i lure o f  the  anima l s  to  ent r a in c i rc ad i an 

cyc l e s  wi t h  the. phot op e r i od and they sugg e s t ed that  th i s  
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was a s s o c i at e d  with  s 1 1ppr e s s i o n  o f  the p ine al ; ful l  gonadal  

act i v i ty in  animal s  treated th i s  way was independent of  the 

l ength of t he d a i l y  pho top e r i o d . Thi s  r e s u l t e d  in the  

hypothe s i s that l i ght perce ived  dur ing a pho t o s en s i t iv e  

phas e o f  the  2 4  hour per i od i s  interpre ted  a s  a " l ong - day" 

and g onadal  funct ion i s  ma int a ine d . The ab s en c e  of l i ght 

dur ing th i s  pho t o s en s i t ive phas e  is int e rpr e t e d  as a 

"short  day" and r e s u l t s  in act iva t i on o f  the p in e a l  by the 

suprach i asmat i c  nuc l eus and thus promo t i on of gonada l  

invo lut i on . As sheep  are autumn b r e eders  reproduct ive 

act i v i ty i s  s t imu l ated  by d e c r e a s ing dai ly pho t op er i o d s . 

B a s e d  on t he p e r ipheral  me l a t onin  leve l s , Ro l l a g  e t  a l . 

( 1 9 7 8 a )  put  forward the hyp o t he s i s  that s e a s ona l i ty in  the 

ewe is dep endent on c i rcad i an and c i rcannual rhythms in the 

s en s i t iv i t y  of the hypotha l amo - hypophyseal  ax i s  to me l a t onin 

s t imu l at i on . They sugg e s t e d  that the l ong n i gh t s  o f  w inter  

months r e s u l t e d  in h i gh me l at onin  leve l s  dur ing  a me l atonin ­

s�ens ·fi. bi;ve pha s e  o f  the  c ir c a d i an cyc l e , whe r e a s  in  s ummer 

the pre s ence  of  l i ght re s u l t ed in l ow me latonin l eve l s  

dur ing th i s  phas e . I t  wa s p r op o s ed that the ens u ing 

r e s p on s e  of  the reproduct ive sys t em depended on the s t age  

o f  the  s e a s onal  cyc l e . 

Stud i e s  by Barr e l l  and Lapwo od  ( 1 9 7 8� , c , d )  provide  

strong evidence in favour of  a r o l e  of  the  p in e a l  in  

med i at i n g  the effects  o f  the  annua l photop e r i o d i c  cyc l e  

on t h e  s e a s on a l ity  o f  reproduc� i on in  rams . They showed 

that s ea s onal  e ffects  of l i ght ing on p l asma LH , 

t e s t o s t e rone and pro l a c t i n  l eve l s , and on s emen product ion , 

wer e  d i s rupted  by p inea l  denerva t i on and p in e a l e c t omy . The 
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on ly o th e r  r eport  of the r o l e  of the p in e a l  in  s ea s onal i ty 

in sheep , i s  that o f  Roche e t  a l . ( 1 9 7 0£) . who found no  

e ff e c t  of  p ineale ctorny on s e a s on a l  b r e e d ing in  ewe s . 

Howev e r , Herb e r t  ( 1 9 7 2 )  s ug g e s t e d  that t h i s  may have b e en 

due t o  fai lure o f  t h o s e  autho r s  t o  cont inue the  exper iment al 

ob s e rva t i on s  for  a suffi c i en t  p e r i od a f t e r  p in e a l e c t orny ;  h e  

reached  that c onc lus i on fo l l owing the obs erva t i on that 

p in e a l e c torny did not  d i s rup t s ea s ona l i ty o f  b r e ed ing in 

ferr e t s  unt i l  the s ec ond b r e ed ing s e a s on after  treatment . 

4 .  P ineal  and Pub e r ty 

I n  v i ew o f  the inhib i t ory e ff e c t s  o f  the  p inea l on 

the hyp o t h a l arno - hypophy s e a l  ax i s , an influence  on the t iming 

o f  the  ons e t  o f  pub e r ty mi ght b e  ant i c ipate d . Many 

c l i n i c a l  c a s e s  have b e en r eported  whi ch have r e l ated  e a r l y  

o r  d e l ayed  puberty  t o  p ine a l  ma l func t i on in humans ( K i t ay , 

1 9 5 4 ; Wur trnan , 1 9 6 8 ) . Par enchyrnatous  p inea l omas or turner s  

t end t o  b e  a s s oc i a t e d  w i t h  d e l ayed gonadal d e v e l opment , 

wher e a s  nonparenchyrnatous  l e s ions , . such as g l i omas o r  

t er a t omas whi ch d e s troy  the  p ineal , tend t o  advance 

pub e r ty (Relkin , 1 9 7 6 j . Thus  p ine a l  hyper func t i on o f t en 

r e sul t s  in d e l ayed pub e r ty and hypo fun c t i on in  precocious  

p ub e r ty . 

P inea l e ct orny o f  p o s t - natal  male  and fema l e  rats  

cons i s tently  advanced pub erty  by up  t o  ten  days  ( K in c l  and 

Benag i ano , 1 9 6 7 ; Re l k in 1 9 7 0 a , � ,  1 9 7 1 )  wh i l e  b l inding and 

the  admin i s trat i on o f  p in e a l  extract s de l ay s  s exua l  

deve l opment  ( Re i t e r , 1 9 6 8 ,  1 9 7 4�) . 

Numerous repo r t s  provide  ind i r e c t  e v i d ence that 

phot op e r i od may inf l uence the t iming o f  the  ons e t  o f  
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pub e rty in l amb s ( s e e  page  3 9 ) but i t  i s  not known i f  the 

p in e a l  is  i nvo lved . On the  other hand , there  h ave b e en no 

previou s  repor t s  of the infl uence of the p ineal  on the 

pub e r t a l  proce s s  in sheep . 

D .  PURPOSE OF THE PRE SENT STUDY 

The s tudy d e s c r ibed  in t h i s  the s i s  was und e r taken a s  

a n  e xaminat i on o f  p o s s ib l e i n fluence s  o f  the p in e a l  g l and 

on r eproduct ive dev e l opment in rams . . 

The exper iment s ut i l i z ed  the mea s urement o f  

repr oduc t ive hormone l eve l s  i n  the p l asmi 6 f  ent i r e  and 

c a s t r at e  anima l s  to examine  the  e ffects  of p in e a l  

denervat i on ,  achieved b y  c r an i a l  cerv i c a l  gang l i onectomy , 

on r ep roduct ive deve l opment by inve s t i ga t ing the  

l on g i tud inal  p a t t erns  o f  hormone s e cre t i on ( Expe r iment 1 ,  

Chap t e r  3 ) , 2 4  hour hormone s e cret i on profi l e s  ( Expe r iment 

2 ,  Chap t e r  4 ) , and r e s p on s e s  to exogenous GnRH ( Expe r iment 

3 ,  Chap t e r  5 ) . 



1 .  ANIMALS 

CHAPTER I I  

MATERIALS AND METHODS 

New Z e a l and Romney r am l amb s , b o rn in Augus t o r  

Sept emb e r  1 9 7 6 , wer e  used  f o r  the  e xper iment s d e s c r ib e d  

in t h i s  the s i s . 

2 .  ANIMAL MANAGEMENT 

( i )  On P a s tur e 

Lamb s wer e  b orn and ma int a ined on pas ture under  

typ ical  N . Z .  farming management . They were weaned a t  3 

months o f  age , shorn in Decemb e r , and dipped to  cont r o l  

ectoparas i t e s  i n  January . Regul ar dr enching w i th the  

anthe lmin t i c s  "Th iben z o l e "  (Me rck  Sharp and Dohme , N . Z .  

L td . )  and " N i lverm" ( I . C . I . , N . Z .  Ltd . )  prov ided  g o o d  

cont r o l  o f  internal  paras i t e s . 

A few an imal s  d i s p l ayed  symp toms o f  ryegras s s t agge r s  

dur ing Apr i l , 1 9 7 7 . Howeve r , ap a r t  from one an ima l ( Lamb 

5 2 ) , which  d i e d  in May 1 9 7 7 ,  the l amb s ma int a ined g o o d  

he a l t h  thr oughout the e xper iment ; t h e  r e as on f o r  that  death 

was  not d i a gno s e d . 

( i i )  Ind o o r s  

For  t h e  2 4  hour profi l e  a n d  GnRH respon s e  b l o o d  

c o l l e c t ibns  ( Expe r iment s 2 and 3 ) , the lamb s wer e  

trans ferred  from pasture t o  individua l met ab o l i sm c r a t e s  in  

c l imat e - cont r o l l e d rooms 2 - 3  days  b e fore  s amp l e  c o l l ect i on 

b egan . Temperature was  ma int ained  at  2 2 °C and a r t i f i c i a l  

l i ght ing c o r r e sp onding to  the n a tural  dai ly  pho t op e r i od s  



at the t ime s o f  the 2 4  hour s amp l ings  was prov i de d . 

Anima l s  were  prov i d e d  with  f r e s h ly cut gras s and wat e r  

a d  l i b i tum .  

3 .  SURG I CAL METHODS 

( i )  Cran i a l  Cervica l G an� l i one c t omy 

5 3  

B i l a t e r a l  cran i a l  cerv i c a l  gan g l i onect omy , fo l l owing 

the method de s cr i b e d  by App l e t on and Wai tes  (1 9 5 7 ) , was 

performed unde r  hal o thane g ener a l  ana e s the s i a  at  5 we eks  of  

age . 

( i i )  Castrat i on 

Cas t ra t i on was per formed by the  appl icat i on o f  rubbe r  

r ings  t o  t h e  n e c k  o f  t h e  s cro tum at  5 weeks o f  age . 

( i i i )  Jugu l a r  Cannulat i on 

2 � 3  days b e fore  2 4  hour s �mp l in g s , an ima l s  were  

anae s the t i z ed w i th h a l o thane then  s i l a s t i c tub ing cannu l a e  

wer e  ins e r ted i n t o  b o th j ugul ar ve ins  a fter  s ur g i c a l  

expo sure o f  the ve s s e l s . The d i s t a l  ends o f  t h e  c annu l ae 

wer e  exter ior i z ed at  the dor s um o f  the neck by p a s s ing them 

through a sub cutane ous . tunne 1 made w i th a 6 . mm :_ r (  0'� d . )  

trochar . Re tent i on l igatur e s  we r e  p l aced  at the p o in t s  o f  

ent ry o f  the cannul ae t o  the subcut ane ous tunne l s . 

C annul a e  were  t hen connected  t o  an infus i on pump , and 

pat ency was ma int a ined b e fo r e  and dur ing the s amp l ing 

_ p e r i ods  b y  c on s t an t  infus i on o f  hepar i n i z e d  s a l ine 

( 2 5  I . U . /ml of  s od ium hepar in} : a t  a rate  of  1 ml /hr .  

4 .  BLOOD COLLE CT I ON 

( i )  L ongi tud ina l S ttidy 

For  the l ong i tudinal comp onent o f  t h i s  s tudy , 1 o �  _ _inl 
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j ugular  b l ood s amp l e s  were  c o l l e c t e d  into  hepar ini z ed 

vacut a iner  tube s .  Two s amp l e s  were  t aken once we ekly , 

t h e  s ec ond b e ing c o l l e c t e d  approximat e ly one hour a f t e r  the 

f i rs t . B l o o d  s amp l e s  were  cent r i fug e d  immed i a t e ly then the 

p lasma was s ep a r a t e d  and s to r e d  a t  - 2 0 °C unt i l  r e qu ir e d  for 

hormone a s s ays . 

( i i )  2 4  Hour P r o f i l e s  and GnRH Re sponses  

For  t he 2 4  hour  pro fi l e  and  GnRH r e sponse  s tud ie s , 

blood  was co l l e ct e d  v i a  the indwe l l ing j ugul ar cathe t e r s . 

An hour ly  s amp l ing r e g ime was ut i l i z e d  in the 2 4  h our 

s tudy , wh i l e  in the GnRH exper iment b l o o d  was co l l e c t e d  

imme d i at e ly p r i or to , and 3 0 , 6 0 , 9 0 , 1 2 0 ,  1 8 0 , 2 4 0 , 3 6 0 , 

and 4 8 0  minute s a f t e r , GriRH admin i s trat i on .  Seven ml 

s amp l e s  o f  b l o o d  were wi thdrawn int o heparini z e d  tub e s , 
0 cent r i fuged and the  p l asma wa s imme d i a t e ly fro z e n  to  - 2 0 C 

unt i l  required  for  hormone a s s ay s . 

Al l s amp l ing and infus i on t oo k  p l ace from a remo t e  

s amp l ing s t a t i on ou t s ide  the animal r o o m .  A l s o  the r o om 

was l ocked dur ing the 2 4  hour s amp l ing per i od , thus the  

l amb s were  not  d i s turb ed dur ing t h i s  t ime . 

5 .  BODYWE I GHT DATA 

After  each weekly  b lo o d  s amp l in g , the an ima l s  were  

we i ghed b e fo r e  b e ing re turned to  p a s ture . 

6 .  AUTOPSY METHODS 

At the comp l et i on of the e xp e r iment , l amb s were  

s acri fi ce d  b y  adm in i s trat i on of  s o di um p en tob arb i t one . 

The p ineal  g l and s , g onads and e p i d i dymide s wer e  d i s s e c t ed 
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free  o f  surround ing t i s sue , we i ghed and proces s e d  fur t h e r  

wher e  approp r i a t e . 

( i )  H i s t o l ogy 

5 mm t h i ck equ i  t or i a l  s e c t i on s  o f  t e s t i c u l ar t i s sue 

wer e  fixed  in  Bou in ' s  fluid for  2 4  hours  before  automa t i c  

p r o ce s s ing and embedding in  paraffin  wax . Two 5 � 

s e c t i on s  o f  each spec imen were  s t ained  with  haematoxy l i n  

and e o s in . S emini fe r ous  tpbule  d i amet e r s  we re measured  

under a l ight m i c r o s c op e  w i th an  eyep i e c e  mi c r ometer  by  

t a k ing the mean  o f  20  ob s e rvat ions  from  Z s e c t i on s . 

( i i )  Epi d i dyma l  Sperm Re s e rve s 

T o t a l  e p i d idymal  sperm r e s erve s were  e s t imat e d  by a 

me thod s im i l ar t o  that d e s cr i b e d  by L ino  ( 1 9 7 2 ) . 

Ep id idymides  we re  s e c t i oned into  s ma l l  p iec e s , homogen i z e d  

and d i luted  t o  2 5 0 m l s  w i th 0 . 9 %  s a l ine , then dup l i ca t e  

a l i quots  w e r e  c oun ted  on t h e  r e d  c e l l  gr id o f  a 

haemocytome t e r . 

7 .  HORMONE ASSAYS 

( i )  LH 

P lasma LH l eve l s  were  me asured  by a doub l e - an t i b ody 

radio immuno a s s ay b a s ed on that de s c r ib e d  by N i swender  

et  a l. ( 1 9 6 9 )  and reported  by Barr e l l  and L apwood ( 1 9 7 8�) . 

Thi s  a s s ay u s e d  the fo l l owing mate r i a l s : rabb i t  

ant i - ovine LH s erum (p o o l  # 1 5 , c our t e s y  Dr . G . D .  N i s wende r ) ,  

N IH- LH - S 1 8  a s  a s s ay s t andard s , and h i ghly pur i f i e d  ovine  LH 

( LER- 1 3 7A , court e s y  Dr . L . E .  Re i chert )  for r ad i o i od ina t i on .  

Al l s tandards  and s amp l e s  wer e  a s s ayed  in t r i p l i c at e , 'vh i l e  

hypophys e c t om i z ed sheep  p la sma was  added t o  the s t andard 
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curve tub e s . As s ay s ens i t ivity  w a s  0 . 0 5 - 0 . 1 8 ng/ml and 

the w i th in- and b e tween - a s s ay c o e f f i c i e n t s  of var i a t i on 

( C . V . ) for 2 re ference p l a sma s amp l e s  ire shown in T ab l e  2 . L  

( i i )  Pro l ac t i n  

P la sma p r o l ac t in l eve l s  w e r e  e s t imated by a doub l e  

ant ib o dy radio immunoa s s ay d e s c r i b e d  prev i ous l y  b y  Wi l s on 

and Lapwood  ( 1 9 7 8d ) . Thi s  a s s ay ut i l i z e d  rab b i t  ant i s e rum 

t o  ovine p r o l ac t in ( cour t e sy P r o fe s s o r  D . S .  F lux) , 

N I H - P - S l l  a s  a s s ay s t andard s , and h i ghly  pur i fi e d  ovine  

p r o l act in ( LE R - 8 6 0 - 2 ,  court e s y  D r . L . E .  Re iche r t )  for  

r ad i o i o dinat i on .  As s ay s en s i t iv i t y  was  5 - 7 . 0  ng/ml  and 

the within - and b e tween - a s s ay C . V .  for 3 re f erence p l a sma 

poo l s  are s hown in Tab l e  2 . 1 . 

( i i i )  Testosterone 

E s t ima t e s  o f  p l asma t e s t o s t e r one concentrat i on s  were  

made us ing a r a d i o immunoas s ay d e s c r ib e d  by W i l s on and 

Lapwood  ( 1 9 7 8d )  u t i l i z ing t e s t o s t e r one ant i s erum ( S 2 5 0 )  

provided b y  Dr . G . D .  N i s wender .  The  l im i t  o f  s ens i t ivity  

was 0 . 0 6 ng/ml  whi l e  wi th in - and b e tween - as s ay C . V .  data  

are  shown in  Tab l e  2 . r . 

8 .  EXPERIMENTAL DE S IGN AND ANALYS I S  

The an ima l s  ut i l i z e d  in the s e  exper iments  wer e  

incorporated  int o  an overal l 2 x 2 fac tor i a l  de s i gn i n  

wh i ch the  t r eatment fac t o r s  were : ( a )  cran i a l  c e r v i c a l  

. gang l i onec tomi z e d  ( gangX) o r  non - g an g l ion e c t omi z e d  

(non � gangX)  and ( b )  c a s t r at e d  o r  ent ire . Within  that  

d e s i gn exper iment s con s i s te d  o f : a l ongi tudinal  s tudy o f  

r eproduct ive h o rmone s ec re t i on i n  the s e  anima l s , b e twe en 7 

and 3 7  wee k s  o f  age  whi ch was s upp l emented by autop sy d a t a  
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TABL E  2 . 1  

B e tween - and w i t h in - as s ay c o e f f i c i ents  o f  var i a t i on 

for  hormone rad i o immunoa s s ay s  b a s ed on r epeated  e s t imat e s  

o f  r e fe r en c e  p l a sma s amp l e s . 

Rep l i c a t i on Re ference Mean Hormone Within - B e tw e e n -
Fac tors  P la sma C oncentrat i on As s ay As s ay 

(ng/ml  p l asma) c . v .  ( % )  c . v .  ( % ) 

Lut e in i z ing Hormone 

1 6  a s s ays , LH 1 . 0 . 4 7 1 7 . 2 2 2 4 . 2 6 
4 r ep l i c at e s  
p e r  a s s ay PRL 3 3 . 1 7 1 0 . 1 5 2 6 . 3 1  

P r o l ac t in 

1 6  as s ay s , PRL 1 1 3 . 5 0 1 2 . 2 1 2 9 . 7 9 
4 r ep l i c a t e s  
p e r  a s s ay PRL 2 2 8 . 9 9 8 . 3 2 2 0 . 1 5 

PRL 3 1 0 0 . 3 9 3 . 3 7 1 2 . 3 8 

T e s t o s t e r one 

2 7  a s s ay s ,  PRL 3 0 . 4 9 1 0 . 8 4 3 0 . 8 5 
3 . r ep l i ca t e s  

Ind o l e  2 . 5 3 8 . 1 8 2 1 . 0 3 p e r  a s s ay 

LH 3 7 . 7 8 8 . 4 7 1 9 . 8 4 

1 8  1 1 . ss 8 . 8 4 2 1 . 2 5 
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(Expe r iment  1 ,  Chap t e r  3 ) ; a 2 4  hour hormone p r o f i l e  s tudy 

when the  ani ma l s  were  1 0 0  d ay s  o f  a g e  (pub er t a l )  and a g a in 

a t  3 0 0  days o f  age  (pos t - pube r t a l )  ( Exper iment 2 ,  Chap t e r  

4 ) ; and a s tudy o f  re spon s e s  t o  exo genous GnRH , a l s o  a t  

b o th 1 0 0  and 3 0 0  days o f  a g e  ( Exper iment 3 ,  Chap t e r  5 ) . 

F o r  s t a t i s t i c a l  ana lys e s , e s t ima t e s  of  hormone 

concentr a t i ons  were  trans formed int o logari thms u s ing the 

formula :  log hormone c oncen t r a t i on = 1 0  l o g1 0 ( x  + 1 . 1 ) 

where  x i s  the hormone c oncent rat i on in ng/ml p l a sma . 

Mis s ing data  were  c a l cu l a t e d  a s  the me an o f  p r e c e d ing and 

succeeding� __ measurements . 

D e t a i l s o f  the s t at i s t i c a l  ana l ys e s  o f  e ach 

e xper iment are  d e s c r ib e d  in the appropr i a te chap t e r s . 
+ 

Resu l t s  hav e  b e en expre s s e d  a s  the mean � s t andard error  o f  

t he mean ( S . E . M . ) . 



CHAPTER I I I  

A LONG I TUD I NAL  STUDY OF THE EFFECTS 

O F  CRAN IAL CERV I CAL GANGL I ONECTOMY AND CASTRAT I ON 

ON ENDOCRINE AND MORPHOLOG I CAL ��TURAT ION O F  MALE LAMBS 

A .  INTRODUCT I ON 

Att a inment  o f  reproduct ive func t i on in rams i s  

a s s o c ia t e d  with  an incr e a s e  in endocr ine act ivity  and the 

ons e t  of spermatogene s i s . Th i s  pha s e  in deve lopment i s  

known a s  pube r ty , whi l e  a t  a l a t e r  age s exua l matur i ty 

( acqu i s i t i on o f  fu l l  reproduct ive c apac i ty)  i s  reached 
/ 

( Dyrmunds s on , 1 9 7 3 ) . Thes e  devel opme n t a l  proce s s e s  are  

r e gu l ated  by the s e c r e t i on o f  gonad o t r ophic  and gonadal  

hormone s ;  l ong i tudina l p a t t e rns of  s ome reproduc t ive 

end o c r ine parame t e r s  dur ing p o s tnatal  deve l opment of the 

r am have b een rep o r t e d  r e cent ly ( Sk inner  e t  a l . ,  1 9 6_8 ;  

S kinne r and Rows on ,  1 9 6 8 ; Cr im and G e s chwind , 1 9 7 2� , b ; 

C our o t , 1 9 7 4 ; Cour o t  e t  a l . ,  1 9 7 5 ; Ravau l t  and Courot , 

1 9 7 5 ; L e e  e t  a l . ,  1 9 7 6 a ; Wi l son and L apwood , 1 9 7 8 a , c ) . 
. -

- -

A numb er  o f  gene t i c  and env i ronment a l  fac tors  can 
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influence the a t t ai nmen t  o f  pub e r ty a s  we l l  a s  s exua l  

fun c t i on i n  s heep ; the  mo s t  imp o r t ant  o f  t he s e  app e ar t o  b e  

the l ev e l  o f  nut r i t i on ( Dfrmunds s on ,  1 9 7 3 )  and the l ength  

of  the dai ly  phot ope r i od (Yeate s ,  1 9 4 9 ; Ortavant e t  a l . , 

1 9 6 4 ) . Although ther e  i s  no d i r ec t  e v i dence ind i c a t in g  

a r e l a t i onship b e tween  s e a s ona l i ty/pho t op e r i o d i sm and 

pub er t a l  deve lopment  in  sheep , the s tud i e s  o f  Ortavant 

�t a l . ( 1 9 6 4 ) , Skinn e r  and Rows on ( 1 9 6 8 ) and Dfrmunds s on 
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and L e e s  ( 1 9 7 2�, b , c ) s ugg e s t  that such a r e lat ionsh i p  d o e s  

e xi s t . 

Mod i f i cat i on o f  the hypothalamo - hypophy s e a l - gonad a l  

a x i s  by pho t ope r i od i c  s t imu l i  i s  thought t o  b e  med i a ted  b y  

t h e  p in e a l  g l and ( Re i t e r , 1 9 7 3 , 1 9 7 4� ,  1 9 7 7 ) . Al though 

Roche et a l . ( 1 9 7 0£) reported  that p in e a l e ctomy had no 

influence on s ome charac t e r i s t i c s  of the o e s t r ous cyc l e  and 

s e a s on a l  breed ing p a t t e rn s  in ewe s , C ar d inal i e t  a l . ( 1 9 7 4 £) 

showed that var i a t i on s  in  p inea l  indo l e am ine cont ent  and 

s ynthe s i s  were  a func t i on of the s ta g e  of the ovar i an 

cyc l e . In  r ams Barr e l l  and Lapwood  ( 1 9 7 8£, � , �) have s hown 

t hat p in e a l e c t omy d imin i shed the e ff e c t s  wh ich  annua l 

l ight ing change s  had on p l asma t e s t o s t e r one and p r o l a c t in 

l eve l s . P ine a l e c tomy a l s o  d i s rup t e d  the l i ght ing - induce d  

s ea s onal  rhythm in  s ome s emen parame t e r s  and ab o l i s hed a 

c ircad i an rhythm o f  p r o l ac t in s ec r e t i on . S imi lar ly , 

p ine a l e ct omy abo l i s hed the influence o f  dai ly phot op e r i o d  

o n  p r o lact in s e cr e t i on i n  growing ma l e  l amb s (Forbe s ,  

1 9 7 5 ; Brown e t  a l . ,  1 9 7 7 )  . 
• 

The affe r ent  nerve supp ly  t o  the  p ineal  g l and inc l udes 

the cran i a l  cervi c a l  g an g l i a  (Mo o r e  e t  al . ,  1 9 6 8 ; Moo r e  and 

K le in , 1 9 7 4 ;  Re i t e r , 1 9 7 7 )  and the i r  r emova l  from the adu l t  

r am produce s  r e su l t s  s imi lar  t o  tho s e  o f  p inea l e c tomy , 

inc luding d i s rup t i on o f  the s e a s onal  cycle  o f  p l a sma LH  and 

pro l ac t in l eve l s  ( B ar r e ll and L apwo o d , 1 9 7 8�) . 

The exp e r iment d e s cr ib ed in t h i s  chap ter  was de s i gned  

a s  an  inve s t i ga t i on of  the  e ff e c t s  of  cran i a l  c e rv i c a l  

g ang l ionectomy and c a s t r at i on o n  the  : long i tudinal  p ro f i l e s  

o f  LH , p r o l a c t i n  and t e s t o s t erone s e c r e t i on in mal e  l amb s 



up t o  approxima t e ly  9 months o f  a g e . I n  add i t i on , whe r e  

appropr i at e , the e ffec t s  o f  the s e  t r e a tme n t s  o n  gonad a l , 

e p i d i dyma l  and p in e a l  g l and parame t e r s , were  a s s e s s e d . 

B .  MATERIALS AND METHODS  
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The exp e r iment u t i l i z ed 2 8  N .  Z .  Romney male . laa'nb s , 

p repared  a s  d e s c r ib e d  i n  Chap t e r  2 ;  9 an ima l s  wer e  non ­

g an g l i onectomi z e d  ent i r e s , 7 non - gang l ionectomi z e d  

c a s t r a te s , 6 gang l ion e c t omi z ed ent i re s , and 6 

g angl i onectomi z e d  c a s t rat e s . B e tween 7 and 3 7  weeks  o f  

age , two b lo o d  s amp l e s  wer e  c o l l e c t ed , an hour apart  

b e tween 9 . 0 0 and 1 1 . 0 0 h ,  once a week . After  a s s ay of  

p l a sma hormone leve l s , mean values  for  the  two s amp l e s  were  

t aken as  the  we ekly  l eve l . An ima l s  we r e  we i ghed  weekly , 

and a t  the c omp l e-t ion  o f  the exp er iment l amb s wer e  

s ac r i f i c ed and aut op s y  r e s u l t s  o b t a ined  a s  d e s cr ib e d  i n  

Chap t e r  2 .  P l a sma LH  and pro l a c t in d a t a , and b ody and 

p ine a l  we ights  were  anal y z ed by Student ' s  t - t e s t  t o  examine 

the  e ffe c t s  of cas t r a t i on , gang l i one c t omy and the int e r ­

a c t i on o f  c a s t r a t i on w i th gang l i onect omy . On the  o t h e r  

hand p l asma t e s t o s t e r one , and gonada l and ep id idyma l  d a t a  

were  examined o n l y  for  t h e  inf luence o f  gang l ione c t omy i n  

ent i r e  anima l s ; aga i n  !- te s t s  w e r e  u s e d . Ho rmone and 

bodywe ight  data  at e ach age we re  aver aged  for e ach an ima l 

t o  g ive a for tnigh t l y  value f o r  e ach parame t e r  whi ch wa s 

then trans formed t o  l o g a r i thms and u s e d  in the  analys e s . 

Ana l ys e s  o f  autopsy re sul t s  wer e  p e r f o rmed on the 

l ogar i thm t rans formed data fo r e ach an ima l . 



C .  RESULTS 

1 .  Long i tudina l Hormone Secre t ion P r o f i l �s 

( i )  LH 

6 2  

Mean we ekly  LH c oncentrat i ons  for  e ach t r e atment 

g roup of an imal s  are s hown in F i gure 3 . 1  and T ab l e  3 . 1 ,  

with  r e s u l t s  o f  s t a t i s t i c a l  anal y s e s  summar i z e d  in  Tab l e  

3 . 6 .  Mean p l a sma LH l e ve l s  i n  ent i r e  l amb s were  very l ow 

throughout the  exp e r iment w i th va lue s usua l ly b e ing l e s s  

than 1 . 0  ng/ml . Howeve r , the non - gan g l i onectomi z ed 

ent ire  an ima l s  d i d  d i sp lay an incre a s e  in me an l eve l s , up 

t o  about 2 . 7 0 ng/ml , b e tween 8 and 1 3  weeks  of age , whi ch 

was not evi d ent  in t he gang l i onectom i z ed ent i r e s . At a l l  

age s p l a sma L H  l e ve l s  were  e le va te d  i n  c a s t r ated  an ima l s  

( P � O . O O l )  w i th mean l eve l s  r ang ing b e twe en 5 . 5  and 2 0 . 0  

ng/ml throughout the dura t i on o f  the exper iment . Al though 

L H  leve l s  var ied  errat i c a l ly in  c a s t r a t e s  there tended to 

be an overa l l  incr e a s e  in mean l eve l s  b e tween 7 and 3 7  

we eks  o f  age . No ove r a l l  d i fferen c e s  were  apparent b e tween 

. g angl i one ctomi z e d  and non - gang l i one c t omi z e d  an ima l s , nor  

wa s there  any ove ra l l ' int erac t i on b e twe en the e ffec t s  o f  

c a s t r a t i on and g ang l i one ct omy . 

( i i )  T e s t o s t e r on e  

S e e  F i gur e 3 . 2  and Tab l e s  3 . 2  a n d  3 . 6 .  

Me an t e s t o s t e r one l eve l s  in ent i r e  an ima l s  inc r e a s e d  

from l eve l s  b e l ow t he l imit  o f  a s s ay s ens i t i v i ty a t  7 weeks  

of  age  t o  about 1 . 0  ng/ml  p l a sma a t  26  we eks . Sub s equent ly ,  

p la sma concentrat ions  inc r e a s e d  mor e  r ap id ly t o  r e ach  

l eve l s  fluctuat ing from 2 t o  4 ng/ml b e tween 31  and  3 7  

weeks  o f  a g e . Gang l i onectomy r e s u l t e d  in a gene r a l  decr e a s e  
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Tab l e  3 . 1  

Age 
(we eks ) 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  
1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  

2 4  
2 5  

2 6  

2 7  

2 8  
2 9  

3 0  

3 1  

3 2  

3 3  

3 4  

3 5  

3 6  

3 7  

. 6 4 

+ 
Mean ( - S . E . M . )  wee k ly p l a smo LH (ng /ml ) 
c oncentrat i on s . 

Non - gangX 
En t ir e s  

0 . 5 3 � 0 . 2 6 
+ 1 . 7 5 - 0 . 6 0 
+ 

2 . 2 5 - 0 . 5 0 
+ 

2 . 3 8 - 0 . 5 7 
+ 

1 . 1 2 - 0 . 3 0 
+ 

2 . 6 8 - 1 . 1 6 
+ 

2 . 1 3 - 0 . 6 1 
+ 

0 . 9 2 - 0 . 2 8 
+ 

0 . 6 7 - 0 . 1 7 
+ 

0 . 39 - 0 . 1 2 
+ 

0 . 5 3 - 0 . 1 3 
+ 

0 . 6 6 - 0 . 1 5 
+ 

0 . 7 6 - 0 . 2 3 
+ 

1 . 1 4 - , 0 . 6 8 
+ 

0 . 6 8 - 0 . 2 4 
+ 

0 . 5 9 - 0 . 1 1 
+ 

0 . 7 5 - 0 . 2 8 
+ 

0 . 8 3 - 0 . 2 9 
+ 

0 . 7 7 - 0 . 1 9 
+ 

0 . 3 3 - 0 . 0 7 
+ 

0 . 8 3 - 0 . 2 6 
+ 

1 . 0 0 - 0 . 3 2 
+ 

0 . 5 7 - 0 . 1 7 
+ 

0 . 4 2 - 0 . 0 6 
+ 

0 . 7 0 - 0 . 1 5 
+ 

0 . 6 2 - 0 . 1 7 
+ 

0 . 6 1 - 0 . 2 0 
+ 

0 . 6 4 - 0 . 1 2 
+ 

0 . 7 8 - 0 . 1 5 
+ 

0 . 7 4 - 0 . 1 3 
+ 

0 . 4 5 - 0 . 0 8 

Non - gangX 
Cas t r a t e s  

+ 
1 1 . 0 2 - 3 . 7 0 

1 1 . 7 3 � 2 . 8 3 
+ 

1 5 . 8 5 - 3 . 5 2 
+ 

9 . 2 3 - 1 . 2 1 

1 '2 . 3 8 � 1 . 6 2 
+ 

1 2 . 2 7 - 1 . 8 0 

1 6 . 0 6 � 3 . 0 5 
+ 

9 . 8 1 - 1 . 9 5 
+ 

8 . 9 9 - 2 . 1 7 

1 2 . 2 7 � 1 . 6 0 
+ 

1 1 . 1 8 - 1 . 7 5 
+ 

1 4 . 1 4 - 3 . 0 6 

1 3 . 2 0 � 1 . 7 1 

1 3 . 2 2 � 1 . 5 3 
+ 

1 1 . 8 1 - 1 . 1 9 
+ 

1 1 . 8 6 - 2 . 2 2 
+ 

1 7 . 8 2 - 2 . 6 9 
+ 

1 6 . 3 4 - 5 . 1 1 
+ 

1 0 . 5 1 - 1 . 8 3 
+ 

1 6 . 7 5 - 2 . 4 0 

1 2  . 6 9� � 1 .  2 8 
+ . 

1 2 . 3 1 - 2 . 7 7 
+ 

1 6 . 9 6 - 3 . 3 1 
+ 

1 4 . 5 0 - 2 . 1 1 

1 4 . 8 7 � 1 . 9 6 
+ 

1 4 . 7 9 - 2 . 2 7 
+ 

1 6 . 5 8 - 3 . 2 7 
+ 

1 8 . 0 8 - 3 . 6 9 
+ 

1 4 . 4 5 - 2 . 1 8 
+ 

1 2 . 1 7 - 1 . 4 7 
+ 

1 3 . 3 5 - 2 . 2 8 

Gang X 
Ent i r e s  

+ 
0 . 3 6 - 0 . 2 6 

+ 
1 . 2 6 - 0 . 49 

+ 
0 . 8 0 - 0 . 1 2 

+ 
0 . 9 3 - 0 . 1 9 

+ 
1 . 1 9 - 0 . 3 7 

0 . 7 7 � 0 . 1 6 
+ 

0 . 4 7 - 0 . 1 6 
+ 

0 . 6 2 - 0 . 1 7 
+ 

1 . 2 b - 0 . 3 7 
+ 

1 . 0 7 - 0 . 7 9 
+ 

0 . 5 8 - 0 . 2 6 
+ 

0 . 7 6 - 0 . 2 6 
+ 

0 . 4 5 - 0 . 1 8 
. + 

0 . 5 3 - 0 . 2 6 

0 . 36 � 0 . 1 2 
+ 

0 . 2 1 - 0 . 0 8 
+ 

0 . 1 8 - 0 . 0 6 
+ 

0 . 3 5 - 0 . 1 1 
+ 

0 . 3 0 - 0 . 1 2 
+ 

1 . 0 9 - 0 . 5 8 
+ 

0 . 3 3 - 0 . 1 1 
+ 

0 . 9 8 - 0 . 3 9 
+ 

0 . 4 7 - 0 . 1 4 
+ 

1 . 2 7 - 0 . 3 1 
+ 

0 . 8 9 - 0 . 1 7 
+ 

0 . 6 7 - 0 . 2 0 

0 . 7 0 � 0 . 3 3 
+ 

0 . 5 5 - 0 . 2 0 
+ 

0 . 4 2 - 0 . 1 0 
+ 

0 . 4 3 - 0 . 0 9 
+ 

0 . 3 9 - 0 . 0 8 

Gang X 
C a s t r a t e s  

+ 
6 . 9 7 - 3 . 0 8 

1 0 . 1 4 � 2 . 3 8 
+ 

9 .  4 9  - 1 .  4 7 
+ 

1 1 . 3 8 - 2 . 4 1 
+ 

1 2 . 2 3 - 1 . 8 7 
+ 

1 2 . 3 2 - 1 . 9 3 
+ 

9 . 3 8 - 1 . 8 1 
+ 

5 . 8 6 - 2 . 1 1 
+ 

7 . 9 8 - 3 . 1 2  
+ 

1 0 . 6 5 - 1 . 8 5 

5 . 5 1 � 1 . 5 4 
+ 

8 . 7 1 - 1 . 8 8 
+ 

1 0 . 5 2 - 2 . 4 8 
+ 

9 . 5 5 - 1 . 6 7 
+ 

1 0 . 8 6 - 2 . 5 0 

7 . 9 5 � 1 . 2 5 
+ 

9 . 5 1 - 2 . 3 7 

1 4 . 6 0 : 2 . 7 3 
1 1 . 5 0 � 2 . 3 3 

+ 
1 4 . 0 3 - 2 . 9 8 

+ 
1 4 . 2 9 - 2 . 3 2 

1 4 . 8 5 : 2 . 5 2 

1 7 . 5 9  � 2 .  2 5 
+ 

1 9 . 36 - 1 . 8 0 
+ 

1 8 . 4 5 - 2 . 1 8 
+ 

1 5 . 2 3 - 1 . 9 4 
+ 

1 5 . 1 7 - 2 . 2 3 

1 5 . 3 6 � 2 . 7 2 
+ 

1 4 . 8 7 - 2 . 2 6 
� 

1 2 . 9 6 .: 1 . 5 5 
+ 

1 9 . 8 6 - 2 . 0 3 

• 
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Table 3 .  2 

Age 
(we ek s )  

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9  

2 0  

2 1  

2 2  

2 3  
2 4  

2 5  

2 6  
2 7  
2 8  
2 9  

3 0  

3 1  
3 2  

3 3  

3 4  
3 5  

3 6  

3 7  

66 

+ 
Mean ( - S . E . M . )  weekly p l�sma t e s to s t e rone (ng/ffi 1 )  
concent r a t i ons . 

Non - gangX 
En t ir e s  

+ 0 . 0 1 - . 0 1 
+ 0 . 1 7 - . 0 8 

0 . 1 3 � . 0 4 
+ 

0 . 1 7 - . 0 4 
+ 

0 . 2 3 - . 0 6 

0 . 3 7 � . 1 2 
+ 

0 . 5 5 - . 1 8 

0 .  3 4  � . 0 9  

0 .  2 5 � . 1 0 

0 .  6 0  � . 2 6  

0 .  6 0  � . 2 2 
+ 

0 .  9 5 - . 3 0 
+ 

1 . 0 1 - . 3 2 
+ 

0 . 6 7 - . 1 9 
+ 

1 . 1 0 - . 3 0 

1 . 2 9 � . 2 7 
+ 

0 . 8 9 - . 2 6 
+ 

1 . 2 9 - . 2 9 

1 .  5 3 : . 3 8 
' 1 .  0 4  : . 2 4  

+ 
1 . 9 2 - . s o 

+ 
3 . 2 5 - 1 . 0 1 

+ 
2 . 4 0 - . 4 6 

+ 
3 .  7 8 - . 8 6 
4 .  2 0  ! . 6 0 

3 . 1 5 :- . 6 4 

3 .  6 3 ! . 7 1  
. 2 .  9 1 : . 4 6 

3 .  3 3 : . 4 5 

3 .  9 7 ! . 6 7 

2 .  4 7 : . 5 3 

G ang X 
En t ir e s  

+ 0 . 1 1 - . 0 3 

0 . 3 7 : . 1 9 
+ 

0 . 5 4 - . 1 5 
+ 0 . 2 7 - . 0 8 

1 .  0 3  � . 3 1 
0 .  4 8  � . 1 8 
0 .  9 3  � . 3 8 
0 .  9 0 : . 4 7 

0 .  5 4  � . 2 1  

0 � 7 � . .) . . 1 1 

0 .  6 6  � . 2 4  

0 .  7 9  :- . 3 3 
+ 

0 .  8 2  - . s o 
.... 

1 .  0 3  .: . 4 5 
+ 

1 .  5 2  - . 5 8 
+ 

0 . 7 8 - . 3 2 
+ 

0 .  7 7 - . 3 0  

1 .  0 9 : . 4 5 
+ 

1 .  4 2  - . 5 6 
+ 

0 .  9 1  - . 5 0 
+ 

1 . 1 9 - . 5 1  

1 . 5 '7 : . 3 4 
+ 

1 . 5 3 - . 6 7 
, + 1 .  o 1  -

+ 
3 .  0 2  -

. 2 0  

. 7 3 
� + 

2 . � 6 - . 8 0 
+ 

2 . 0 5 - . 6 7 
+ 

2 . 0 4 - . 4 8 
+ 

2 . 3 1 - . 6 1 
+ 

., 2 3 . 7 1 - l . .L  
+ 

3 . 0 1 - 1 . 1 5 



6 7  

i n  mean t e s t o s t eT one concentr a t i ons  ( P  < 0 .  O S )  which  was  due 

to that group having l ower  l eve l s  f rom about 2 6  weeks  o f  

a g e  onwards . None o f  a rep r e s en t a t ive number  o f  p l a sma 

s amp l e s  from ca s t r ate  an ima l s  conta ined any d e t e c t ab l e  

t e s t o s terone . 

( i i i )  Pro lac t in 

See  F i gur e s  3 . 3  and T ab l e s  3 . 3  and 3 . 6 .  

Me an p l a sma p r o l a c t in l eve l s  in non - gang l i o D e c t omi z e d  

anima l s  incre a s e d  from 7 0  - 1 1 0  n g /ml a t  7 weeks  o f  a g e , t o  

reach a p e ak o f  9 5  - 1 2 5  ng/ml at  9 - 1 2  weeks  ( summe r ) , 

a fter  wh i c h  l eve l s  decre a s e d  then fluctuated at ab out 

8 0  ng/ml  unt i l  2 2  we eks . C oncentr a t i ons sub s e quen t ly fe l l  

to reach values  b e l ow 1 0  ng/ml b e tween 3 0  and 3 7  weeks  

(wint er ) .  G ang l i one c t omi z e d  anima l s  had mean p r o l ac t in 

l eve l s  f l uc tuating  b e tween 6 0  and 1 1 0  ng/ml p l a sma from 

7 - 1 2  weeks , but they had d e c r e a s e d  by 1 4  weeks  and then 

var ied  b e tween 1 5  and 6 5  ng/ml  f o r  the rema inder o f  the  

exper iment . Ove ral l g an g l i on e c t omy reduce d  p l asma 

pro l ac t in concent T at i ons s i gn i f i carit ly ( P � O . O O l )  but 

ne i the r the e ffects  o f  cas t r a t i o n , nor the inter a c t i on o f  
cas trat i on w i th gang l i one c tomy , was s i gn i f ic ant . 

I n  v i ew o f  rep o r t s  that  the  l ength o f  the da i ly 

photop e r i o d  i s  the mo s t  imp o rt ant regul ator  o f  pro l ac t in 

secre t i on i n  r ams ( Pe l l e t i e r , 1 9 7 3 ; Barre l l  and L apwo o d , 

1 9 7 8c ) , pro lact in data  were  re arranged accord ing t o  the 

t ime of year ( F igure 3 . 4 ) in  order  to  examine s e as onal 

influence s .  T h i s  was nece s s i tated  by a 4 week  s p r e ad o f  

the b i r th dat e s  among the s e  an ima l s . Aga i n  t h e  e ffect  o f  

s umme r  pho t op e r iods  i n  e l evat ing pro lact in leve l s , and o f  
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Table 3 . 3  

Age 
( vieeks )  

7 

8 

9 

.:o 
11 

12 

13 

14 

1 5  

16 

17 

18 

19 

20  

21 

22  

23  

24 

25 

26  

27  

28  

29  

30  

31  

3 2  

3 3  

34 

3 5  

3 6  

37 

Mean (!' S . E . M . ) weekly plasma prolact in ( ng/ml ) 
concentrations . 

Non�gangX 
Entil"es 

69 . 2 ! 1 B . 8  
+ 

8 3 . 3 - 9 . 0  

9 7 . 7 ! 2 . 9  

102 . 2  '!: 4 .  7 
+ 111 . 2 - 4 .  2 

116 . 7 ! 7 .  7 
+ 112 . 1  - 5 .  2 
+ 9 2 . 4 - 7 . 6  
+ 61 . 0  - 13 . 2  

87 . 2 ! 9 . 9 
+ 

84 . 3  - 9 .  3 

9 4 . 5 ! 6 .  3 
+ 

8 7 . 6 - 9 . 8  
+ 

8 0 . 3 - 7 . 8  
+ 

8 2 . 6 - 8 . 5  

86 . 0 :!: 8 .  5 
+ 

6 9 . 9 - 8 .  5 
+ 

6 2 . 2 - 8 . 0  
+ 

38 . 1 - 7 .  2 
+ 

47 . 2 - 8 . 7 
+ 

33 . 8 - 5 . 6  
+ 18 . 3 - 4 .  2 
+ 

22 . 0 - 6 . 5  
+ 

8 . 7 - 2 . 2  
+ 

9 . 2 - 1 . 6  
+ 

8 . 5 - 1 . 4  
+ 

6 . 9 ..:. 1 . 3  
+ 

8 . 0 - 1 . 6  
+ 

8 . 5 - 1 . 1  

1L 4 ! 3 . 2  

11 . 4 ! 3 . 1  

Non.:...gangX 
Castl"ates 

108 . 2 :!: 9 . 6  
+ 

101 . 2 - 9 . 1 
+ 1 2 5 . 0 - 4 . 6  

105 . 3 :!: 6 . 0  
+ 122 . 3 - 4 . 2  

104 . 7  :!: 7 .  2 

lll . O :!: 4 .  9 
+ 80 . 5  - 14 . 7  
+ 80 . 4  - 15 . 5  

9 1 . 2 :!: 8 . 7  
+ 59 . 2  - 13 . 3 
J. 

9 3 . 7 :.. 9 . 6  

84 . 0 :!: 10 . 2  
+ 8 5 . 0 - 10 . 1 
+ 74 . 5 - 8 . 8  
+ 6 5 . 7 - 11 . 8  
+ 

7 5 . 3 - 1 1 . 6  
+ 

5 8 . 4 - 11 . 6  
+ 

6 2 . 8 - 13 . 6  
+ 42 . 4 - 8 . 5  
+ 16 . 8 - 3 . 4  
+ 

22 . 8 - 7 .  8 
+ 23 . 9 - 8 . 0  
+ 8 . 3 - 1 . 7  
+ 9 . 2 - 1 . 1  
+ 

8 . 4 - 1 . 5  
+ 10 . 5 - l .  7 
+ 7 . 2 - 1 . 4  
+ 9 . 8 - 1 . 6  
+ 

10 . 5 - l .  5 
+ 8 . 9 - 1 . 5  

Gang X 
Entil"es 

9 6 . 7 ! 18 . 6  

107 . 3  :!: 8 .  0 

9 2 . 5  :!: 13 . 1  
+ 89 . 1  - 7 .  9 

9 9 . 5  ! 14 . 1  

7 5 . 7 ! 13 . 4  

60 . 8 ! 17 . 4  

3 5 . 5 ! 8 . 1  

52 . 8 ! 17 . 5  

48 . 8  :!: 12 . 9  

33 . 2 ! 11 . 0  

52 . 8 :!: 13 . 0  

32 . 6  :!: 10 . 3  

55 . 6 :!: 18 . 4  

36 . 8 :!: 11 . 9  

6 3 . 5 :!: 19 . 6  
+ 37 . 0 - 17 . 7  

25 . 8 :!: 8 . 9  
+ 39 . 6 - 13 . 8  
+ 46 . 8 - 13 . 4  

30 . 0 :!: 15 . 6  
4-

2 8 . 8 .:. 10 . 3  

25 . 7 ! 9 . 4 

16 . 9 ! 7 .  6 

2 7 . 2 ! 12 . 2  
+ 30 . 3 - 14 . 0  

1 5 . 6 ! 3 .  5 

2 1 . 7 ! 5 .  3 
+ 46 . 8 - 12 . 0  

39 . 2 ! 9 .  6 

36 . 5 ! 8 .  8 

69 

Gang X 
CastPates 

64 . 9 ! 11 . 8  
+ 76 . 5 - 14 . 0  

9 3 . 2  :!: 12 . 4  

84 . 4 ! 11 . 1  

7l . l ! 12 . 4  

6 7 . 4- ! 12 . 5  

- o -
+ 1 " 6 !) • !::> - L • 

24 . 7 ! 10 . 4  

17 . 4- ! 7 . 9  

19 . 0 ! 3 . 5  

4 7 .  2 ! 12 . 5  

4-0 . 5 ! 13 . 1  

39 . 7 ! ll . 2 

27 . 5 ! 9 . 1  

31 . 3 ! 8 .  9 

22 . 7 ! 9 . 5  

30 . 7 ! 6 .  7 

20 . 6  ! 5 .  6 

26 . 2 ! 7 .  9 
32 . 2 ! 8 . 8  

3 8 . 8 ! 8 . 8  

2 8 . 1 ! 7 . 3  

19 . 6 ! 3 . 3  

15 . 6 ! 3 .  5 

18 . 9 ! 3 .  5 

40 . 3 ! 8 .  9 

27 . 0 ! 8 .  3 

45 . 3 ! 12 . 2  
+ 44 . 4 - 13 . 1  

66 . 2 ! 14 . 2  

11 . s ! · 1 . 7 
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short  d a i l y  l i ght ing in suppre s s ing  s e c r e t i on , was eviden t . 

I n  addi t ion , on the 2 2nd o f  Decembe r  p r o lact in l eve l s  we r e  

very l ow in p l asma c o l l e c t e d  from a l l  except  8 an ima l s ; 

t h i s  date  was the  day o f  the s ummer s o l s t i c e  and four days 

a fter  the an imal s  we r e  s horn . The e i gh t  an ima l s  wh ich  d i d  

n o t  s how decreased  p r o lactin  l eve l s  m i s s ed shear ing a t  

that  t im8 b ecaus e they we re  b e in g  u t i l i z e d  for Exp e r iment s  

2 and 3 .  

2 .  Bodywe i gh t  

See  F i gure 3 . 5  and T ab l e s  3 . 4 and 3 . 6 .  

Me an l ivewe i g h t s  o f  non - gang l i onectomi z ed l amb s 

inc r e a s ed progr e s s i v e l y  from 1 4  - 1 7  k g  a t  8 weeks o f  a g e  

t o  3 3  - . 3 5  kg at  3 5  we eks . Both g r oups o f  

g ang l ionec tomi z ed l amb s showed  r educ e d  bodywe ights  over the  

cour s e  o f  the expe �iment . Gang l i one c t omi z ed ent i r e s  had 

a mean bodywe i gh t  o f  2 1 . 3  kg  at 8 we eks  and incr e a s e d  to  

only 3 0 . 4  kg by 35  we eks o f  age , whi l e  g ang l i one c t om i z ed 

c a s trates  inc r e a s e d  from 1 5 . 4  to  2 6 . 0  kg over the s ame 

p e r i od . 

S t a t i s t i c a l  ana lys i s  reve a l ed that bodywe i ght was  

s ign i f i cant ly r e duced by g ang l ione c t omy (P< O . O O l ) , wh i l e  

the  s i gn i f ican t  interac t i on o f  g an g l i onectomy wi th 

c a s t r a t i on ( P < O . O O l )  s howed that  t h i s  reduc t i on in we i ght s 

was much g r e a t e r  in the g ang l ione c t omi z ed anima l s  wh ich  

a l s o  had  b e en c a s trated . 

3 .  Aut opsy Dat a 

S e e  Tab l e s  3 . 5  and 3 . 6  
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Table 3 . 4  Mean ( :!:  S . E . M . ) weekly bodywe ight ( kg )  _ data . 

Age Non-gangX Non-gangX Gang X 
( weeks ) Ent ires Cas trates En tires 

8 
+ 

14 . 7 - 0 .  2 
+ . 

17 . 0 - 0 . 2  
+ 

21 . 3 - 1 . 4  

9 16 . 6 ! 1 . 0  
+ 

17 . 8 - 0 . 9  
+ 

22 . 3 - 1 . 0  

10 
+ 

17 . 8 - 1 . 0  
+ 

19 . 3 - 1 . 1  
+ 

2 3 . 4 - 1 . 0  

11 
+ 

20  . o - 1 . 1  
+ 

21 . 3 - 0 .  9 24- . 2 :!: 1 . 2  

12 
+ 

21 . 5 - 1 . 1  
+ 

22 . 6 - 1 . 2  24 . 2 :!: 1 .  3 
13 22 . 6 :!: 1 . 1  

+ 
2 3 . 6 - 1 . 1  

+ 
24 . 7 - 1 . 2  

14 
+ 

2 3 . 6 - 1 . 1  
+ 

2 3 . 9 - 1 . 4  24- . 0 :!: 1 . 5  

15 
+ 

22 . 6  - 0 .  9 
+ 

2 3 . 3 - 0 . 9  
+ 

24 . 4  - l .  7 

16 
+ 

23 . 9 - 1 . 0  
+ 

25 . 3 - 1 .  2 24 . 9 :!: 1 . 9  

17 24 . 9 :!: 0 .  9 
+ 

25 . 3 - 0 . 9  
+ 

25 . 1 - 2 . 0  
+ ... + 

18 2 5 . 1 - 0 . 9  26 . 6 ..:. 0 . 9  24 . 9 - 1 . 8  

19 
+ 

26 . 3 - 0 .  9 
+ 

27 . 4  - 0 .  8 
+ 

25 . 7  - 2 . 1  

20 
+ 

27 . 0  - 0 .  9 
+ 

28 . 4 - 0 . 9  26 . 1 :!: 1 . 8  

21 
+ 

2 8 . 0 - 1 . 0  
+ 

29 . 2 - 0 . 9  27 . 3 :!: 2 .  4 

22 
+ 

2 9 . 2 - 1 . 1  
+ 

30 . 7 - 1 .  0 
+ 

27 . 5 - 2 .  6 

23  
+ 

2 9 . 5 - 1 .  3 
+ 

30 . 1 - 1 .  5 
+ 

27 . 4 - 2 . 2  

24 
+ 

30 . 2 - 1 .  3 + 
- 30 . 7 - 1 . 4  

+ 27 . 2 - 2 . 1  

25  
+ 

30 . 0 - 1 .  3 
+ 

31 . 1 - 1 .  5 
+ 

27 . 9 - 2 . 2  

26  31 . 4- :!: 1 .  2 + 
32 . 2 - 1 .  3 

+ 
2 8 . 2 - 2 . 7  

27  + + + 
31 . 7 - 1 . 3  . 32 . 6 - 1 . 4  2 9 . 0 - 2 . 2  

2 8  
+ 

3 1 . 7 - 1 .  2 
+ 

31 . 9 - 1 .  5 
+ 

28 . 8  - 1 .  7 

29  
+ 

31 . 6 - 1 . 5  
+ 

32 . 6 - 1 . 8  
+ 

29 . 5  - 1 .  7 

30  
+ 

32 . 0 - 1 . 2  33 . 5 ! 1 .  5 30 . 5 ! 1 .  8 

31 
+ 

32 . 9 - 1 . 3  
+ 

33 . 6 - 1 . 5  
+ 

31 . 2 - 1 .  7 

32  
+ 

3 3 . 2 - 1 . 3  
+ 

33 . 5 - 1 .  6 
+ 

30 . 2 - 1 . 4  

3 3  + 
32 . 3 - 1 . 5  

+ 34 . 6 - 1 .  4-
+ 

30 . 5  - 1 .  4-

34-
+ 

33 . 3 - 1 .  2 
+ 

35 . 2  - 1 .  7 
+ 

30 . 7 - 1 .  6 

3 5  
+ 

33 . 2 - 1 . 6  
+ 34 . 7 - 2 .  2 

+ 30 . 4 - 0 .  7 

73 

Gang X 
Castrates 

. + 
1 5 . 4 - 1 .  9 

+ 16 . 6 - 1 . 1  
+ 17 . 2 - 0 . 9  

1 8 . 1 ! 0 .  9 
... 

1 8 . 9 ..:. 1 . 0  

1 8 . 4 :!: 0 .  9 
18 . 4 :!: 1 . 1  

+ 1 8 . 6 - l . l  
+ 

19 . 3 - 1 . 1  

19 . 5 :!: 0 . 8  
+ 1 9 . 8 - 0 . 8  

20 . 2 :!: 0 . 8  
+ 

21 . 5 - 0 .  7 

21 . 8 :!: 0 .  8 
. + 

21 . 7 - 1 .  0 
+ 21 . 5 - 0 .  7 
... 

22 . 1 ..:. 0 . 9  
+ 22 . 1 - 1 . 2  
+ 

23 . 2 - l . l  

2 3 . 6 :!: 1 . 0  
+ 23 . 9 - 0 . 8  

24 . 4- ! o .  7 
+ 2 5 . 8 - 0 . 8  

26 . 3 :!: 0 . 6  
+ 

2 6 . 2 - o .  9 

26 . 2 ! 0 . 7  

2 6 . 4- ! 0 . 6  
+ 

2 6  . o - 1 .  0 



Table 3 . 5  Data* ( means ! S . E . M ; ) collected following autopsy of lambs used in Experiment 1 .  

Non-ganglionectomized 
En tire s 

Non-ganglionectomized 
Castrates 

Ganglionectomized 
En tires 

Ganglionectomized 
Castrates 

Test icular 
we ights 

( g )  

+ 
215 . 0 - 2 3 . 2  

+ 
188 . 8 - 22 . 0  

Seminiferous 
tubule diameters 

()lm ) 

184 ! 5 

186 ! 11 

* Data from paired organs have been summed . 

Ep ididymal 
we ights 

( g )  

+ 
33 . 9 - 3 . 7  

+ 2 7 . 6 - 3 . 1  

Ep ididymal Sperm 
Reserves 

( x  109 ) 

+ 
17 . 26 - 4 . 74 

+ 
12 . 9 3 - 3 . 70 

Pineal 
we ight s 

( rng )  

+ 
37 . 0 - 2 . 4  

+ 5 7 . 8 - 14 . 0  

+ 36 . 0 - 3 .  8 

+ 
34 . 2 - 9 .  7 

-...,J 
.f.'-



( i )  T e s t i cu lar  We ight s  

T h e  d i fference  i n  t e s t i cu l ar we i g h t s  betweeti non ­

g an g l i on e c t omi z ed ( 2 1 5 . 0  ! 2 3 . 2  g )  and g an g l ionectomi z e d  

(188 . 8  ! 2 2 . 0  g )  an ima l s  w a s  not  s t at i s t i c a l ly 

s i gn i f i can t . 

( i i )  Epid i dym�l W� i ght s 

75 

Alt hough non � gangl ion e c t om i z e d  l amb s had h i gher me an 

epi d i dyma l  we i ght s ( 3 3 . 9 6 : 3 . 7 6 g vs  2 7 . 5 2 ! 3 . 1 1 g in 

. g an gl ione c t omi z e d  l amb s )  t h i s  d i fference  was not  

s i gn i f i c an t . 

( i i i )  Epi d i dyma l  Spe rm R� s e �ve s 

Gang l i one c t omi z ed animal s had r educed  me an e p i d i dyma l 

+ 9 + 9 s p e rm r e s e rve s ( 1 2 . 9 3 3 . 7 0 x 1 0  vs  1 7 . 2 6 - 4 . 7 4 x 1 0  i n  

non - g ang l ione c t om i z e d  r ams ) but  this  d i fferenc e w a s  not  

s igni f i c ant . 

( iv )  Semin i fe r ous Tubul e D i ame t e r s  

Me an s em in i fe r ou s  tub u l e  d i ame t e r s  were v i r tua l ly the  

s ame in n on - g ang l i onec tomi z e d  ( 1 8 4  ! 5 pm) and 

g an g l i on e c t om i z e d  ( 1 8 6 ! 1 1  pm) l amb s . 

(v )  P ineal  We i gh t s  

There  w e r e  no  s ign i f i c an t  d i f fe r ence s  i n  mean p in e a l  

we ights  b e tween non - g ang l ione c t omi z e d  ( 47 . 4 ! 6 . 5  mg ) and 

gang l ione c t omi z ed ( 3 5 . 2  ! 4 . 6  mg ) l amb s , nor  b e tween 

ent i r e  ( 36 . 6 ! 2 . 0  mg ) and c a s t r a t e  ( 4 7 . 1 ! 9 . 2  mg ) 

an imal s .  However , the interact i on o f  cas t r a t i on w i t h  

gang l i on e c t omy w a s  s ign i f i c ant ( P < O . O l ) b e c au s e  o f  the  

greater  mean p in e a l we i ght  ( 5 7 . 8  ! 1 4 . 0  mg ) r e corded  from 

the  non - gang l i one c t omi z eci c a s t r a t e s . 



Table 3 . 6  Summary of t-test analyses of plasma LH , prolactin and testosterone data ; and of bodywe ight and autopsy 
data from Experiment 1 .  

Treatment 

A� Ent ire vs Castrate 

B .  Non-gangX � GangX 

C .  Interact ion A x B 

D .  Non-gangX Ent ire s 

vs GangX Entires 

Testosterone 

2 .  430�': 

( 20 8 )  

�·nH:p <o . 001 , �H'P < o . 0 1 , �·:p .( o .  0 5  

LH 

48  . 474�bH: 
( 39 0 ) 

0 . '204 
( 39 0 ) 

0 . 670  
( 38 8 )  

Testicular 
Weights 

0 . 79 6  

( 12 )  

Prolactin 

1 . 09 6  
( 39 0 )  

5 .  o25 �·:�H: 
( 39 0 )  

0 . 9 72  
( 388 ) 

Seminiferous 
Tubule 

Diameters 

0 . 136 

( 12 )  

Bodywe ight 

1 . 669 
( 39 0 )  

5 .  4 79�bb': 
( 39 0 ) 

5 . lo5 �Hn': 
( 388 ) 

Epididymal 
We ights 

1 . 186  

( 12 )  

Note : Figure s in brackets are the numbers of degrees of freedom for each contrast . 

Pineal Weight 

0 . 744 
( 23 )  

1 . 6 8 8  
( 23 )  

3 . 246�b': 
( 21 )  

Epididymal 
Sperm 

Reserves 

0 . 866  

( 12 ) 

......., 0\ 



D .  DI SCUSS I ON 

1 .  LH and T e s t o s t eron e 

( i )  Non -gangl i one c t omi : e d  Ent i r e s  

E l evated  p l a sma LH l eve l s  dur ing t h e  f i r s t  3 - 4 

months o f  l i fe have b e en r e corded  in  Grade Targh e e  ( C r im 

and G e s chwind , 1 9 7 2�) , I l e - de - F r ance  (Courot e t  a l . ,  

1 9 7 5 ) , Mer ino/Corr i eda l e  c r o s s b r e d  ( Lee  e t  a! . ,  1 9 7 6�)  

and Romney (Wi l s on and L apwo o d , 1 9 7 8�) r am lamb s . 

P i tu i t ary LH c ont ent a l s o  inc r e a s e s  from b irth  t o  r e ach 

peak l eve l s  at  about 3 months  o f  age  ( Sk inne r et a l . ,  

1 9 6 8 ; Cour o t  e t  a l . ,  1 9 7 5 ) . 

7 7  

P l asma t e s t o s terone leve l s  a l s o  have b e en shown to 

incre a s� gradua l ly from b ir th onwards ( C r im and G e s chwind , 

1 9 7 2 a ;  C o t t a  e t  a l . ,  1 9 7 5 ; L e e  e t  a l . ,  1 9 7 6� ;  W i l s on and 

Lapwood , 1 9 7 8�) para l l e l ing s im i l ar increas e s  in 

t e s t i cu l ar androgen cont ent ( S k inner et al . ,  1 9 6 8 ; At t a l  

e t  a l . ,  1 9 7 2 ) . 

( i i ) Treated  Lamb s 

The e l evat ion in LH leve l s  r e c orded  from b o th non ­

gang l i one c t om i z e d  and gang l i one c t omi z e d  cas t r a t e  l amb s 

undoub t e d l y  was due t o  the  ab s ence  o f  the normal negat ive 

feed�ack r egulat ion o f  LH s e cret i on by t e s t i c u l a r  

andr o g ens . 

Cran i a l  cervi c a l  gang l i onectomy had no influence on 

LH l e ve l s  in c a s t r a t e  l amb s but in ent ires  it appe ared  to 

abo l i s h  the e l evat i on in LH l eve l s , b e tween 8 and 1 3  weeks  

o f  age , s e en in  non - gang l ionectom i z e d  ent i re s . The  

pos s ib i l i ty that e l evated  l eve l s  may have o c curred in 

g ang l ione c t omi z e d  ent i r e s  b e fore  7 weeks of a g e , when 



s amp l e  c o l l e c t j on c om=enced , canno t  be  ove r l o oke d . 

Reduced p l a sma t e s t o s t e r one l eve l s  in  

g an g l i one c t omi z ed ent i r e s  wa s unexp e c t e d  s ince  LH 

c oncentr at ion s  were  no t influenced by th i s  tre a tmen t . 

Prob ab ly the  J ower b o dywel gh� o f  the 

gang l ionect omi z ed ent i r e s  contr ibut e d  to the i r  r educed  

t e s t i cular we i ght s , and  hence  p la sma t e s to s t e r one l eve l s , 

c om�ared  with  values  r �c orded fr om the non ­

g an g l ione c t omi z e d  ent i re s . 

7 8  

P l a sma LH concentr at i ons  d i d  no t d i ffer b e tween non ­

gang l ione ctomi z e d  and gang l i on e c t omi z e d  rams , apart  from 

the early  e l evat i on i n  l eve l s  in  non - g ang l i onectomi z ed 

r ams , wh i l e  t e s to s t e r one s ec r e t i on was r educed in  

gang l ionectomi z e d  l amb s : the s e  r e s u l t s  c ont r a s t e d  w i th 

tho s e  o f  Barre l l  and L apwood  ( 1 9 7 8�) . Tho s e worke r s  

reported  t h a t  g ang l i one c t omy o f  adu l t  r ams not  only 

reduced the regu l ar s e a s on a l  trend s  s een  in p l asma LH 

leve l s , but a l s o  e l evated  me an concen t r a t i ons , e spe c i a l ly 

in  winter . However , in  that s tudy the r e  were no  

s i gn i f i cant d i fferen c e s  in  p l asma t e s t o s te rone l eve l s  due 

to gan g l ione c t omy . B ar r e l l  and L apwood  ( 1 9 7 8£) a l s o  

reported  that  p i ne a l e c t omy reduced  the e ffec t s  o f  

photope r i o d - induc ed s e a s onal  t e s t o s t erone s e c r e t i on 

p a t terns , but  an i n fluence on LH  s e c r e t ion c ou l d  not  b e  

a s s es s ed b e caus e c oncentrat i on s  were  l ow i n  a l l  group s o f  

rams . Al though Roche  e t  a l . ( 1 9 7 0 c )  found that  

pinea l e c t omy had  n o  e f fe c t  on s ome o e s t rous cyc l e  

parame t er s , n o r  on r eproduct ive s e a s ona l i ty i n  ewe s , 

H e rbert  ( 1 9 7 2 )  has  s ug ge s t ed that  t h i s  re sul t may have b e en  



due to  the fa i J ure t o  c ont inue the s tudy for  s everal  

b r e e d ing s e a s ons after  the operat i o n . 

2 .  P r o l a c t in 

( i ) Non - gan g l i on e c t omi z e d  Ent i r e s  

79 

The l on g i tudinal  pro f i le of p l asma p r o l a c t in l eve l s  

recorded  from the con t r o l  lamb s , showed fluctuat i ons  in 

leve l s  0f th i s  hormone whi ch we r e  in  p h a s e  with  the l ength 

of  the  d a i ly pho t op e r i o d  and was r emarkab ly  s imi l ar to  

the pro f i l e  recorded  in  previ ous wor k  w i th Romney l amb s at  

th i s  laboratory (Wi l s on  and Lapwood , 1 9 7 8�) . 

I n  c ontras t ,  autumn b orn r am l amb s s howed a d i s t inct  

p e ak in prol act in l eve l s  at  ab out 10  - 1 2  we eks  of  age  

( Ravaul t  and Cour o t , 1 9 7 5 ; Ravau l t , 1 9 7 6 )  wh i ch co inc ided  

w i th the  b e g inning o f  the  r ap i d  increa s e  in t e s t i cu l ar 

we i gh t s  and spermat o g en i c  act ivi ty . The high  pro l ac t in 

l e ve l s  s e en 1n spr ing born anima l s , whi c h  apparent ly  are  

r e l a t e d  t o  the l onger  da i ly pho t op e r i od s  compared t o  

those  t o  wh i ch autumn b o rn lamb s a r e  e xp o s e d , prob ab ly 

ma sk any changes  in p r o l ac t in s ecre t i on a s s oc i ated  w i th 

s tage  o f  reproduc t ive deve l opment . Pho t oper iodic  

influence s  on  p l asma pro l actin  concen t r a t i ons  wer e  clear  

i n  th i s  s tudy and  in tho s e  by Pe l l e t i er ( 1 9 7 3 ) , Forbes  

et  a l . ( 1 9 7 5 ) , Ravaul t  ( 1 9 7 6 ) , Barr e l l  and Lapwo od  

( 1 9 7 8 a , £_) and L in c o l n  et  a l . ( 1 9 7 8 ) . 

Fur ther imp l i c a t i on s  o f  the  p os s ib le r o l e  o f  

pro l a c t in i n  reproduct ive maturat i on i n  rams was provided  

in  a report  by Ravau l t  e t  a l . ( 1 9 7 7�) . They found that 

admin i s trat i on of the p r o l ac t in  s e c r e t i on inh ib i t o r  

2 - b r omo �- ergocryp t ine t o  b o t h  s p r ing and autumn b o rn l amb s 



r e s u l t e d  in an in i t i a l  depre s s i on in t e s t o s terone l eve l s  

and a s i gn i f i c ant  reduct i on in s eminal  _ ve s i cu l ar we ights  

and fruc t o s e  c or.cent r a t i ons ; there  were  n o  influence s on  

LH s e c r e t i on ,  b o dy , t e s te s , a lbug inea o r  ep idi dyma l 

we i g ht s , nor on the e s t ab l i shment o f  s p e rmatogene s i s . 

( i i ) Treated  Lamb s 
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C a s trat i on had no e ffect  on p l a sma prolact in 

concent r a t i ons . Work mainly w i th rat s and humans has  s hown 

that s t er o id ho rmon e s  c an infl uence p r o l ac t in s ec r e t i on 

(Ho r r ob in , 1 9 7 4 ) . A l s o  i t  has  b e en s hown that admin i s t r a ­

t ion o f  o e s t r ad i o l - 1 7fi t o  ewe s and cat t l e  resul t s  1n  an 

inc r e a s e  in p l a sma p r o l a c t in c oncentr a t i ons  ( Fe l l  et a l . ,  

1 9 7 2 ; Schams and Kar g , 1 9 7 2 ; S chams and Re inhardt , 1 9 7 3 ) . 

In  previous work w i t h  ma l e  s he ep Pe l l e t i e r  ( 1 9 7 3 ) found 

that wethe r s  had g r e a t e r  pro l a c t in c onc ent rat i ons  than r ams 

on b oth  short  ( 8  h)  and l ong ( 1 6  h) d a i l y  pho tope r iods , but  

t h i s  result  was not  s ign i f i c ant . A l s o  he found no  

d i f fe r ence in  pro l a c t in l eve l s  b e tween t e s t o s t er one 

prop i onat e t r e a t ed and c ont r o l  r ams and wethe r s  on e i th e r  

pho t op e r iod , and t hus concluded t h a t  t e s t icul ar andr o g en s  

h a d  l it t l e  inf luenc e o n  pro l ac t in s e c r e t ion .  S imi l ar l y , 

the  prepub e r t a l  p r o l a c t i n  p e ak s e en in autumn b orn r am 

l amb s was not  a f f e c t e d  by c a s t r a t ion  nor  by c a s trat i on w i th 

t e s t o s t er one r ep l acement therapy ( Ravau l t  e t  a l . ,  1 9 7 7 a ) . 

A l though Dav i s  e t  a l . ( 1 9 7 8 )  r e p o r t e d  a d if fe r ence in  the  

p r o l ac t i n  s ec r etory  p r o f i l e s  of  r ams and  wethe r s , the i r  

exp e r iment a l  d e s i gn d i d  not  e l iminat e  l ikely s e a s on a l  

influence s ,  s ince  r ams were  s amp l e d  in  Sept emb e r  and we t h e r s  

i n  December . Howeve r , tho s e  work e r s  d i d  f i n d  that l arg � -



do s e s  o f  andro gen or  o e s t r o g en inc r e a s e d  p r o l �c t in 

s e c r e t i on in we the r s . 

I n  the p r e s ent  s tudy g an g l i one ct omy r e s u l t e d  in a 

d i s rup t i on o f  the s e asona l p a t t e rn o f  p l asma p r o l ac t in 

leve l s , s imi l ar t o  that rep o r t e d  in gangl i one c t omi z e d  

adu l t  r ams b y  Barre l l  and Lapwood  ( 1 9 7 8�) . Tha t  r e s u l t  

81 

wa s a t t r ibute d  to a l t e r e d  p in e a l  g l and funct i on s ince 

reduced l eve l s  of p ineal  H I OMT act i v i ty were r ecorded  from 

t r e a t ed an imal s .  Con f i rma t i on o f  this  hypothe s i s  was 

g iven by the fac t that p in e a l e c t omy ab o l ished s ea s on a l  

t r ends  in p r o l ac t in s e c r e t i o n  in  r ams (Barre l l  and L apwood , 

1 9 7 8 c ) . I n  cont ras t t o  the marke d e f fe c t s  o f  

g ang l ione ct omy on s ea s ona l i ty o f  p l asma pro l ac t in l eve l s  in  

r ams and wethers  o b t a ined  f r om s tud i e s  at  th i s  l ab o rat ory , 

But t l e  ( 1 9 7 7 )  fa i l e d  t o  s how a s imi l ar e ffect  o f  

g ang l i one c t omy i n  adu l t  ma l e  cas trate  goats , a l though 

an imal numb e r s  wer e  l ow (n  = 3 in each group ) and s amp l ing 

frequency l ow .  However ,  he  did report that g ang l ione c t omy 

a cc e l erated  the norma l s e a s ona l incr e a s e  in l eve l s  b e twe en 

winter  and summer .  

There  was no apparent int e r ac t i on o f  c a s t ra t i on with  

gang l i onec t omy , and apparen t ly there  are  no repor t s  in the  

l i t er ature o f  d i rect  evidence  sugg e s t ing such  an 

i n t e r ac t i on in dome s t i c  an ima l s . Evidence f r om work wi t h  

. rodents  i s  d i s cu s s e d  in  Chap t e r  4 (page  1 2 8 ) .  

( i i i )  Shear ing and P l asma Pro l ac t iti Leve l s  

An inter e s t ing a s p e c t  o f  the p r e s ent s tudy was  the  

prec ip i t a t e  d e c l ine in p l a s ma p ro l a c t in l ev e l s  in s amp l e s  

c o l l e c t e d  o n  2 2nd Decemb e r , 1 9 7 6 ( th e  day o f  the summer  
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s o l s t i c e ) , four days after  the l amb s were shorn . E i gh t  

an ima l s  which  were  no t shorn a t  that  t ime ; due t o  the i r  

invo lvement i n  2 4  hour prof i l e  s amp l e  c o l l ect i on 

(Exper iment 2 ,  Chap t e r  4 ) , d i d  n o t  s h ow this  effec t . 

Ravau l t  ( 1 9 7 6 )  r e p o r t e d  a s im i l a r  e ff e c t  of  shear ing on  

p ro l act in l ev e l s  in  r ams in b o t h  the  2nd and 3rd  ye ar s o f  

l i fe ,  but t h i s  e ffect  was n o t  apparent  i n  the f i r s t  y e a r , 

a l t hough pro l ac t in l eve l s  were  b e l ow tho s e  recorded in  the  

s ub s equent two  years . As  s tr e s s  is  a s sumed t o  incr ea s e  

p r o lact in s e c r e t i on ( Raud e t  a l . ,  1 9 7 1 ;  Davi s , 1 9 7 2 ; 

S i t ar z  e t  a l . ,  1 9 7 7 ; Wi l s on and Lapwo o d , 1 9 7 8�) Ravau l t  

s u g ge s t ed that  the e f fect  o f  shear ing may have b een due 

to changes  in  s od ium and a l d o s t e rone c oncent r a t i on s  

o c curr ing , w i th a d i s rupt i on o f  hydr o - mine r a l  me t ab o l i sm . 

There  i s  in fact  ev idence which  ind ic a t e s  that pro l ac t in  

may have an  ind i r e c t  e ffe c t  on e l e c t r o lyte home o s tas i s  

i n  sheep (Burs tyn e t  a l . ,  1 9 7 2 ; Horrob in  e t  a l . ,  1 9 7 3 ) . 

A l s o  human s t ud i e s  have ind i c a t e d  that  prolact in  l eve l s  are  

s en s i t ive to  s h i f t s  in  p l as ma o smo l a l i ty (Horrob in , 1 9 7 4 ) , 

w i th an inve r s e  r e l a t i onship  b e tween p l a sma p r o l a c t i n  

l e ve l s  and e l e c t r o l y t e  excre t i on (Auty e t  a l . ,  1 9 7 6 ) . 

A s ec ond p o s s i b l e  exp l anat i on for  the r educ ed 

p r o l ac t in leve l s  is  that shear ing r e su l t s  in a l ower b o dy 

t emperatur e , pre sumab ly by incr e a s ing  the r a t e  o f  h e a t  l o s s  

. ( Dutt  and Hamm , 1 9 5 7 ) . A d ir e c t  r e l at i onship b e twe en 

amb ient t emp e r ature  and p r o l a c t i n  s e cr e t ion has  b e en 

e s t ab l ished  in c a t t l e  ( Sm i th e t  a l . ,  1 9 7 7 ;  We t temann and 

Tucker , 1 9 7 4 ) , but no  rep o r t s  of  comp ar able  work in  s h e ep 

h ave been n o t e d . 
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3 .  Bodywe i ght  Data 

The s igni fi c an t ly l ower  bodyw e i ghts · o f  

g ang J. i one c t om i z ed ent i r e  a n d  gang l i onectomi z e d  c a s t r a t e  

l amb s , and t h e  non - s i gn i f i c an t  d e c r e a s e  recorded  b y  Barr e l l  

and Lapwood ( 1 9 7 8b )  i n  gang l i onectomi z ed adu l t  r ams , 

sugg e s t s  a s t imulat o ry infl uence  o f  the p ine a l  on g r owth . 

Informa t i on in the l i terature  r e garding growth and the  

p in e a l  g l and i s  d i fficu l t  to  interpr e t . Wor k , a lmo s t  

exc lus ive ly w i th rodent s , h a s  sugge s t e d  that p in e a l  act ivity 

may b e  a s s o c iated  with  an over a l l  decrease in  synth e s i s  and 

r e l e a s e  o f  p i tuitary growth hormone ( Re lkin , 1 9 7 6 ; Re i te r , 

1 9 7 7 ) . However , a re cent r e p o r t  ( R�nnekl e i v  and McC ann , 

1 9 7 8 ) ind icated  that p ine a l e c tomy s i gn i fican t ly reduced  

dayt ime , but  not n1ght - t ime s e cre t i on of  growth hormone in 

r at s . I n  growing we the r s , a l ong photop e r i o d  s t imu l ated  

fas t e r  g r owth and greater  p r o l a c t in s e cre t i on c omp a r e d  w i th 

a short  d a i l y  pho t oper iod  ( Fo rb e s , 1 9 7 5 ; Forb e s  e t  a l . ,  

1 9 7 5 ) , p e rh ap s  imp lying that  the p in e a l  and / o r  p r o l a c t in 

may b e  i nvo lved in  me d iat ing  the e ffects  o f  d ay l ength  on 

g r owth r a t e . Howeve r ;  in another  report  from t hat 

laboratory ( Brown et a l . , 1 9 7 7 )  p in e a l e ctomy d i d  n o t  

influen c e  growth rate  or  s e c re t i on o f  growth hormone i n  

l amb s ; unfor tunat e ly removal  o f  t h e  g l and w a s  n o t  comp l e t e  

i n  s ome an ima l s  s o  t h e  imp o rtance o f  that r e su l t  i s  

. d i f f i cu l t t o  as s e s s . N e i th e r  daylength nor s e a s on appear  

t o  r e gu l at e  growth hormone l eve l s  in goats  or  l amb s (Hart  

and  But t l e , 1 9 7 5 ; Brown et  a l . , 1 9 7 7 ) . 

I n t e rpre tat i on o f  the  r e su l t s  o f  gang l i onec t omy on 

b o dy growth in th i s  s tudy would perhaps  have b e en more  



mean ing ful  i f  supp l emen t e d  by p l a sma growth hormone 

c oncentra t i on data , but no a s s ay wa s ava i l ab l e  in this  

l aboratory for  that  h o rmone . 

Previ ous  s tud i e s  have shown that r ams and we ther s  

have s imi l&r  bo dywe i g h t s  over t h e  p e r i o d  s tud i e d  in t h i s  

expe r imen t , or  that r ams may be  heavi e r , par t i cu l arly  i f  

reared  under  favourab l e  c ond i t i ons ( Dfrmunds s on ,  1 9 7 3 ; 

P r i c e , 1 9 7 5 ; Ahmed e t  a l . , 1 9 7 8 ) . 

4 .  Aut opsy Data  

8 4  

Te s t i cular  and  e p i d i dyma l  we ights  and e p i d i dyma l 

s p e rm res erves  a l l  t ended  t o  b e  l ower , a l though non ­

s i gni f icant l y ,  in gang l i one c t omi z e d  r ams . Th i s  r e s u l t  

p robab ly r e fl ec t e d  the  l ower me an b odywe i ght s o f  tho s e  

l amb s s ince  t e s t i cu l ar we i gh t , whi ch i s  c l o s e l y  r e l ated  to 

output of spe rmat o z o a ,  i s  r e l a t ed to  b odywe i ght ( Skinner 

et  a l . ,  1 9 6 8 ,  n;rmunds s on , 1 9 7 3 ) . Semin i fer ous tubu l e  

d i ame ters  d id not s how t h i s  t rend , b e ing the s ame in b o t h  

g r oup s o f  r ams . Thi s  r e s u l t  may have b e en r e l ated  t o  the 

o b s ervat i on made by C ourot  ( 1 9 6 2 )  that s emin i ferous tubul e  

d i ame ters  cou l d  n o t  b e  r e l at e d  t o  t e s t i cular  we ight s . Any 

s i gn i fican t  d i fference s  in p l a sma LH and t e s t o s terone 

concentrat ion s  may have b e en exp e c t e d  to i n fluence the 

t e s t e s  and s e c ondary s exua l organ s ; Barre l l  and Lapwood 

( 1 9 7 8�) repo r t ed tha t g ang l i onectomy - induc e d  h i gher LH 

leve l s  p robab ly accounted  for  the gre a t er s emini ferous 

t ubu le  d i ame t e r s , and t e s t i cu l ar and e p i d i dyma l we i g h t s  

r e c o rded at  aut op s y .  An influenc e o f  g ang l i onectomy o n  the 

a cc e s s ory s exua l  o rgans , s e condary to an i n f l uence on 

p r o l ac t in s ec re t i on , c ann o t  be p r e c luded s ince  s eminal  



ve s i cul ar . we i gh t s  and fru c t o s e  c oncentr a t i ons , wh i ch may 

be r e gu l at e d  by prolactin  in the deve l op ing r am l amb 

( Ravaul t  e t  a l . ,  1 9 7 7�) , were  not  r ecoided . 
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Ther e  was no over a l l  e ffe c t  o f  e i ther gang l i one ctomy 

or  c a s t r a t i on on p ineal  we i gh t s  a t  aut opsy . The 

int e r ac t i on o f  gang l i on e c t omy and castrat i on was  

s i gn i fi cant , due to  h i gher  me an we i ghts  be ing r e corded  from 

non -iang l ione c t omi z ed cas t r a t e s  than from o th e r  groups . 

The imp or t ance  o f  thi s  r e s u l t  i s  d i ff i cu l t  to  a s s e s s  s ince 

it  was  due l ar g e l y  to  data from one an ima l w i th a p ineal  

we i gh ing 1 2 5  mg . Previ ous  ovine  work has  shown that  

gan g l i onectomy o f  adul t  r ams r e su l ted  in  a n on - s i gn i ficant 

d e c r e a s e  in p ineal  we i ght s , but a reduc t i on in p in e a l  

H I OMT ac t iv i ty and an incre a s e  in  p in e a l  ce l l  nuc l e ar 

dens i ty (Barr e l l  and Lapwo o d , 1 9 7 8�) . 

5 .  G ener a l  D i s cus s i o n  

I n  r am l amb s , pube rty i s  a p e r i o d  o f  r ep roduc t i ve 

deve l opment in whi ch the s ecre t i on o f  p i tui t ary 

g onadot rophins , regu l a t e d  by the b r a in , s t imu l a t e s  

t e s t i cu l ar growth and s t e r o ido gene s i s , and thus t h e  ons e t  

o f  s p e rmat o g ene s i s  and deve l opment o f  s e condary s exua l  

cha r a c te r i s t i cs . I n  s ev e r a l  s tu d i e s  the a t t a i nment o f  

pub e r ty ha s b een t aken a s  the a g e  o f  f i r s t  app earance o f  

s p e rma t o z o a  in the e p i d idymal tubul e s , usua l l y  b e tween 4 

and 5 months  o f  age  ( Dyrmunds s on ,  1 9 7 3 ; Wi l s on and Lapwo o d , 

1 9 7 8£) . 
On the b as i s  o f  the  ho rmone and aut opsy  r e s u l t s  

p r e s en t e d  in  t h i s  expe r iment , b o t h  gangl i one c t om i z ed and 

non � g ang l i one�tomi z e d  r ams  r e a ched s im i l a r  s ta g e s  o f  



r eproduct ive deve l opment  t o  tho s e  recorded  at  c omp arab l e  

a g e s  in  Romney r ams (Wi l s on and Lapwood , 1 9 7 8 a , c ) . 
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P o s s ib ly gang l ione c t omy i s  more l ike ly t o  inf luence the 

t iming of the pub e r t a l  p r o c e s s  and a more  de t a i l e d  s tudy o f  

the  inf luence o f  the p ine a l  on the ons e t  o f  s p e rmatogene s i s  

i s  needed  t o  examine th i s  p o int . Such a s tudy should 

i nc lude hormonal  a s  we l l  as  reproduc t ive organ dat a , and 

quan t i t a t ive and qua l i t at ive h i s to l og i c a l  ob s erva t i ons , 

made dur ing the p e r i o d  o f  s exua l  maturat i on ,  from b o th 

cont r o l  and p ineale c tomi z e d  or  g ang l i onectomi z ed rams . 

There  are no r ep o r t s  on the e ffec t s  o f  pinealectomy 

on repr oduc t ive organ gr.owth in l amb s . al tho(Igh the  f:>ro lact  in 

r e spon s e  t o  pho top e r i od i s  d i s rupt e d  by t h i s  operat i on 

( Fo rb e s , 1 9 7 5 ; Brown e t  a l . ,  1 9 7 7 ) . However , both  

g ang l i onectomy and p in e a l e c t omy o f  adu l t  rams influence d  

p i tu i t ary , t e s t i cu l ar and acces s ory s ex organ fun c t i ons 

( Barre l l  and Lapwood , 1 9 7 8� , £ , � , �) , wh i l e  p in e a l e ct omy 

advan c e s  the age  o f  pub e r ty in rat s ( K in c l  and Bena g i ano , 

1 9 6 7 ; Re l k in , 1 9 7 0� , b , 1 9 7 1 ) . A l s o  in human s ,  c l in i c a l  

c a s e s  o f  e ar ly and de l ayed  pub e r ty r e l at e d  t o  p ine a l  

hypo func t i on and hyper func t ion r e sp e c t ive ly , have been 

reported  ( K i t ay ,  1 9 5 4 ; Wur tman , 1 9 6 8 ; Re l k in , 1 9 7 6 ) . Thus 

an i n fluence o f  the  p inea l  o f  reproduct ive matur at ion in 

the r am is not inconc e iv ab l e . 



CHAPTER IV  

THE E FFECTS OF CRAN IAL CERV I CAL GANGL I ONECTOMY 

AND CASTRAT I ON ON 2 4  HOUR PLAS�� PRO F I L E S  OF LH , 

TESTOSTERONE AND PROLAC T I N  I N  PUBERTAL AND 

POST - PUBERTAL MALE LAMBS 

A .  I NTRODUCT I ON 
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In adul t  r ams LH  and t e s t o s t e rone are  s ec r e t e d  in 

pu l s e s  a t  i r r e gu l ar int e rv a l s  (Katongo l e  e t  a l . ,  1 9 7 4 ; 

S anfor d  e t  al . ,  1 9 7 4£ ,  1 9 7 7 ;  Barr e l l  and Lapwo o d , 1 9 7 8� ;  

Wi l s on and Lapwood , 1 9 7 8�) . B o th t h e  t iming and magn i tude 

o f  t e s t o s t e rone pul s e s  are re l at e d  to  t h o s e  o f  the 

p r e c ed ing LH pul s e s , wh i l e  the magni tude and t emp o r a l  

r e l a t i onships  b e tween ep i s o d i c  L H  and t e s to s t e r one 

r e l ea s e s  vary over the pho top e r i o d - induced s ea s on a l  cyc l e  

( L inco ln , 1 9 7 6� ;  L in c o ln e t  a l . ,  1 9 7 7 ;  S anford e t  a l . ,  

1 9 7 7 ,  1 9 7 8 ; Wi l s on and L apwood , 1 9 7 8�) . 

Pul s at i l e LH r e l e a s e  i s  in i t i ated  ln the  f i r s t  few 

weeks  a f t e r  b irth  ( F o � t e r  e t  a l . ,  1 9 7 8 ) , but deve l opment o f  

a c on s i s tent quan t i t a t ive  r e l a t i on s h i p  b e twe en LH and 

t e s t o s t erone s ecretory  pul s e s  does  not  occur unt i l  later ; 

probab l y  i t  r e s u l t s  f r om t e s t i cu l ar maturat i onal  change s  

( F o s t e r , 1 9 7 4 ; Wi l son  and Lapwood , 1 9 7 8 a ) . 

Pro l ac t in a l s o  probably  i s  s ec r e t e d  in  a pul s at i l e  

manner  in r ams , a t  l e a s t  i n  winter  (Wi l s on and L apwood , 

1 9 7 8d )  and autumn ( D av i s  e t  a l . ,  1 9 7 8 ) . 

Re s e arch c i t ed in Chap t e r  1 was inconc lus ive  a s  t o  
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whe ther  o r  n o t  the  s e c r e t i on o f  LH � FSH , pro l ac t in and 

t e s t o s t e r one s howed any c i r c a d i an cyc l i c i ty .  

Recent evidence ind i c a t e s  that the p in e a l  g l and o f  

rams i s  invo lved in  med i a t ing  the effec t s  o f  pho t op e r i o d  

o n  s e a s onal  p a t t e rns  o f  hormone s ec r e t i on and s emen 

produc t i on ( Barre l l  and Lapwo o d , 1 9 7 8b , £ , �) . I n  add i t ion , 

acute  s e cret i on p r o fi l e  s tud i e s  have reve a l e d  that  

p inea l e c t omy e l evated  me an LH l eve l s  and ab o l i s hed  a 

nocturnal sur ge o f  pro l ac t i n  s e c r e t ion ( Barr e l l  and 

Lapwo od , 1 9 7 8�) . 

Th i s  exper iment was unde r taken t o  exami ne the e f fe c t s  

o f  c r an i a l  cervi c a l  gan g l i onectomy and c a s t r a t i on o n  the 

24  hour s e cr e tory p ro f i l e s  o f  LH , t e s t o s t erone and 

pro l ac t in in ma l e  lamb s o f  pub e r t a l  and p o s t - pub e r t a l  a g e s . 

B e tween the s e  two ages  Romney r ams norma l ly are  exp e ct e d  t o  

a t t a in the  cap ac i ty t o  p ro duce  fert i l e  sperma t o z o a  (Wi l s on 

and Lapwood , 1 9 7 8£) , even though there  prob ab l y  are  

sub s e quent impr ovement s in  b o th quant i t a t ive and 

qua l i t at i ve aspec t s  of s p e rma t o g en e s i s  ( C our o t , 1 9 6 2 ; 
/ Dyrmunds s on ,  1 9 7 3 ) . 

B . . MATERIALS AND METHODS 

I n i t i a l ly , 6 anima l s  were  a s s i gned to e ach t r e atment 

. group , but owing to the d e a t h  of one animal and s ome 

fa i lu r e s  o f  cannu l a  patency , comp l et e  s e t s  o f  data  could  b e  

co l le c t e d  dur ing the p o s t - pube r t a l  s amp l ing only  from 6 

non � g an g l ione c tomi z ed ent i r e  l amb s , 5 non � gan g l i onec tomi z ed 

c a s t r a te s , 4 gan g l i onectom i z ed ent i r e s  and 5 

. gang l ionectom i z ed c a s t ra t e s . 
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The pube r t a l  s amp l ing t o o k  p l a ce i n  Decemb e r  1 9 7 6  

when the anima l s  were approx imate l y  1 0 0  days o f  age and 

exp o s ed to an art i f i c i a l  pho tope r i o d  o f  1 5  hour s l ight : 9 

hour s dark . The p o s t - pubert a l  c o l l e c t ion p e r i o d , wh en the 

an ima l s  wer e  appro x imately  3 0 0  days  o l d , occurred  dur ing  

May - June 1 9 7 7  w i th a 9 �  hours l ight : 1 4� hour s dark  

a rt i fi c i a l  pho t op e r i o d . 

For  e a s e  o f  p r e s entat i on not  only  have indi7idual  

hormone pr o f i l e s  b e en inc luded , but s o  a l s o  have me an 

p r o f i l e s  for e ach tre atment group . Mean pro f i l e s  were  

der ived by c a l cu l a t ing me an hormone l eve l s  for  a l l  l amb s 

in  e ach treatment group at  each hour l y  s amp l ing , then 

g r aphing the s e  d at a .  E f fe c t s  of exp e r iment a l  tre atment s  

o n  the concentrat i on s  o f  each  hormone wer e  ana l y z e d  b y  

S tudent ' s  !- t e s t s , u s ing the  me an l o g ar i thm t rans formed 

hormone leve l s  f r om each l amb a s  p a r ameters . I n  add i t i o n  

f o r  anima l s  in each  treatme n t  group the e ffect  o f  s amp l ing 

age on me an hormone leve l s  was exam ined  by !- t e s t . 

S amp l ing frequency was  not  adequat e  t o  permi t accur a t e  

e s t imat i on o f  ho rmone � e c r e t i on p e ak frequency o r  p e a k  

he i ght data . 

C .  RESULTS 

See Tab l e s  4 . 1 and 4 . 2  

1 .  LH S e c r e t o ry Pro f i l e s  

Ind ividual  L H  profi l e s  for  t h e  pubert a l  2 4  hour 

s amp l ing p e r i o d  are  s hown in F igur e s  4 . 1  t o  4 . 4  with t h e  

me an secre tory p r o f i l e s  for e ach t r e a tment g roup s hown i n  

F i gure 4 . 5 .  Pos t - pub e r t a l  L H  pro f i l e s  a r e  shown in l ik e  

manner in  F i gures  4 . 6  to  4 . 1 0 .  Mean 2 4  hour p l asma L H  



Table 4 . 1  Mean ( � S . E . M . ) plasma hormone concentrations ( ng/ml ) obtained from the 24 hour profile study of pubertal 
( lOO day old ) and post-pubertal ( 300  day old ) male lambs . 

LH Testosterone Pr•olact in 

Age ( days ) 100 300 100 300 100 300 

Treatment 
--

Entires 

Non-ganglionectomized 
+ 

2 .  30 - 0 .  26 
+ 

0 . 41 - 0 . 04 
+ 

0 . 5 5 - 0 . 06 
+ 

1 . 47 - 0 . 17 
+ 

100 . 6 - 1 .  7 
+ 

9 . 0 - 0 . 8  

Ganglionectomi zed 
+ 

1 . 9 2 - 0 . 3 2 
+ 

0 . 41 - 0 . 06 
+ 

0 . 47 - 0 . 0 5 0 . 90 ! 0 . 11 
+ 

35 . 1 - 2 . 9  
-t 

5 0 . 7 - 4 . 2  

Castrates 

Non-ganglionectomized 
+ + + -t 

11 . 16 - 0 .  5 7  10 . 38 - 0 . 6 2 - - 102,. 7 - 1 . 5  8 . 5 - 0 . 5  

Ganglionectomized 9 . 22 ! 0 . 71 
+ + + 

14 . 06 - 0 . 5 6 - - 51 . 8 - 3 .  0 5 0 . 7 - 3 . 0  

\.C 
0 



\ 

Table 4 . 2  Summary of the t-test analyses of LH , testosterone and prolact in data from Experiment 2 .  

Age ( days ) 

Compal"l  son 
A .  Castrat ion vs Ent ire 

B .  GanglionX � Non-gangX 

C .  Interaction A x B 

lOO 

7 .  332�'o':�': 
( 22 )  

1 . 435 
( 22 )  

0 . 964 
( 20 )  

D .  Effects of Age ( 100  vs 300 days ) 

( i )  Non-ganglionectomi zed 
en tires 

( i i )  Non-gang lionectomi zed 
castrates  

( i i i )  Ganglionectomized 
e11t ire s 

( iv )  Ganglionectomized 
castrates 

1d:;':p < 0 .  00 1 '  :H:p<o . 01 

LH 

LH 

300 

18 . 4  79:h'o': 
( 18 )  

3 .  332 1d: 
( 18 )  

3 .  27l:h': 
( 16 ) ,._ ') 

3 .  5 9 6 :':�': 
( 10 )  

0 . 3 5 6  
( 9 )  

3 .  7 G  7 :�:': 
(') ) 

1 . 913  
( 9 )  

Te stosterone 

100 

0 . 35 8  
( 10 )  

300 

0 . 762  
( 8 )  

Testosterone 

2 . 081  
( 10 )  

2 . 0 8 0  
( 9 )  

Note : Figures in bra�kets are the numbers of degrees of freedom for each contrast 

Prolactin 

100 300 

0 . 69 2  0 . 9 8 8  
( 22 )  ( 18 )  

3 .  8 2 3:'d: 4 .  6 56:'d::': 
( 22 )  ( 18 )  

1 . 034 0 . 612 
( 20 )  ( 16 )  

Prolact in 

lO . 4 2 8 ;':�': ·.:: 
( 10 )  

1 2 . 6 2 6 ;': :!:�1: 
( 9 )  

C . C l O  
( 9 )  

O . S 2 0  
( 9 )  

1.0 
1--' 
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concent r a t i on s  are p r e s ented  in Tab l e  4 . 1  with  the r e s u l t s  

o f  s tat i s t i c a l  analys e s  i n  Tab l e  .4 . 2 .  

No  c i rc ad i an fluctua t i on s  in LH l�ve l s  were ev ident 

in ind ivi dual  an imal s  nor in any t r e a tment group a t  e i ther  

the pub e r t a l  or p o s t - pub e r t a l  s amp l ings . LH  l eve l s  in  

c a s t r a t e d  anima l s  t ended t o  fluctua t e  ove r a wider  r ange 

and wer e  h i gher than t ho s e  from ent i r e s , at b o th the 
' + 

pub er t a l  ( 2 4  hour mean l eve l s  were  1 0 . 1 9 - 0 .  4 6  ng/ml in cas -

t r a t e s  v s  2 . 1 1 ! 0 .  2 0  ng/ml in ent ir e s , P < 0 .  0 0 1 )  and po s t ­

pub e r t a l  ( 1 2 . 2 2 ! 0 .  4 4  ng/ml i n  c a s t r a t e s  vs 0 .  4 1  � 0 .  0 3  ng/ml 

in ent ir e s , P < o . 0 0 1 )  co l l ec t i on p e r iods . 

At 1 0 0  days  o f  age , gang l i on e c t omy had no s i gn i f i c ant 

influence  on LH s ecre t i on with  2 4  hour me an l eve l s  b e ing 

5 .  5 2 ! 0 .  4 4  ng/ml in gang l i onectom i z ed l amb s vs 6 .  6 8  ! 0 .  4 1  

ng/ml i n  non - gangl ione c t omi z ed an ima l s . However , at  3 0 0  days 

of age gang l ione c t omy caus ed a s i gn i ficant incre a s e  i n  LH 
+ 

c oncent rat i ons  from a mean o f  5 . 4 0 - 0 . 4 2 ng/ml in non -

g ang l ione c t omi z e d  lamb s t o  7 .  9 3 ! 0 .  5 6  ng/ml in gang l i onec ­

t omi z e d  an ima l s  ( P � O . O l ) . A l s o ,  the  interac t i on o f  

ca s t rat i on with  g ang l ione c t omy had n o  s i gn i f i cant e ffect  on 

LH l eve l s  at the pubeDtal  s amp l ing but s i gn i f i c an t ly  

e l evat e d  l e ve l s  ( P <. O . O l )  at  the  p o s t - pub erta l s amp l ing . 

The s e  e ff e c t s  o f  gang l i one c t omy , and the int e ra c t i on o f  

c a s t ra t i on and g ang l i onectomy , on p o s t - pub e r t a l  L H  s ecre t i on 

were due t o  h i gh leve l s  r e c o rded  in the gangl i one c t omi z e d  
+ + 

c a s t r at e s  (mean l eve l 1 4 . 0 6 - 0 .  5 6  ng/ml vs  1 0 . 3 8 - 0 .  6 2  ng/ml 

in non - g�n g l i on e c t omi z ed c a s t r a t e s ) .  

C omp a r i s on o f  pub e r t a l  and p o s t - pube r t a l  2 4  hour 

p r o f i l e s  s howe d  that LH l eve l s  in ent i r e  an ima l s  were  

s ign i f i c an t ly h i gher at the  pub e r t a l  s amp l ing (mean  leve l s  
+ + 

were 2 .  3 0  - 0 .  2 6 . ng/ml at  1 0 0  days  vs  0 .  4 1  - 0 .  0 4  n g/ml at 
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3 0 0  days , P < 0 .  0 1 , in the non - g an g l ione c t omi z e d  ent i re s ; 
+ � 

and 1 . 9 2 - 0 . 3 2 ng/ml at  1 0 0  days  vs 0 . 4 1 - 0 . 0 6 ng/ml  a t  

3 0 0  days , P< 0 . 0 1 ,  in the gan g l i one c t orn i z ed ent i r e s ) .  Even 

though the  me an LH l ev e l  in g an g l i onec tomi zed  c a s t r a t e s  at 
+ 

1 0 0  days ( 9 . 2 2  - 0 .  7 1  ng/ml ) was  l ower  than at  3 0 0  days  

( 1 4 . 06  �- 0 .  56  ng/ml ) , there was  no  s ign i f i cant e ff e c t  of  age  

o n  LH l eve l s  in  e i ther  group of  cas t r a t e s . 

2 .  T e s t o s t e r one 

T e s t o s terone data  for ent i re l amb s is graphed in  

F i gu r e s  4 . 1 1 to 4 . 1 3 (pub e r t a l  s amp l ing ) and F i gur e s  4 . 1 4 

t o  4 . 1 6 ( p o s t - pub e r t a l  s amp l in g )  and summar i z e d  in  Tab l e s 

4 . 1  and 4 . 2 .  

P l asma t e s t o s t erone c oncentrat i ons  1n ent i r e  l amb s 

a t  b o th a g e s  showed irregular  pu l s at i l e  var i a t i on s  w i th n o  

apparent  c ir cadian rhythmi c i ty . T e s to s t e rone leve l s  1n  

repr e s en t a t ive p l a sma s amp l e s  from c a s trate  anima l s  

c o l l ec t e d  a t  b oth s amp l ing a g e s , were  b e low the l im i t  o f  

a s s ay s ens i t iv i ty . 

G ang l i one c t omy had no s i gn i f i c ant e ffect  on 

t e s t o s t e r one leve l s  i� ent i r e  anima l s : at  l O O  days  of age  
+ 

mean · 2 4  hour l eve l s  were 0 .  5 5  - 0 .  0 6  ng/ml p l asma in  non -
+ 

g ang l i one c t omi z e d  lamb s vs  0 .  4 7 - 0 .  O S  ng/ml in 

g ang l i onect omi z e d  an imal s ;  and at  3 0 0  days non ­

g ang l i one c t omi z ed an imal s  had  1 .  4 7 � 0 . 1 7 ng/ml v s  

0 .  9 0  � 0 . 1 1 ng/ml in  g ang l i ol} e c t om i z ed l amb s . 

T e s t o s te r one l eve l s  wer e  h i gher a t  the 3 0 0  day 

s amp l ing than at  1 0 0  days  in b oth group s  o f  ent i re s , but 

thes e  d i f fe r enc e s  j us t  fa i l e d  t o  r each s ign i f i canc e . 
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3 .  P ro l act in 

P r o l ac t in data  i s  g iven in  F i gures  4 . 1 7  t o  4 . 2 1 

(pub e rt a l ) , F i gure s  4 . 2 2 t o  4 . 2 6 (po s t - pube rt a l )  and 

Tab l e s  4 . 1  and 4 . 2 .  

C i rcad i an var i a t i ons  in p l a sma p r o l a c t i n  l e ve l s  we re  

110 

n o t  apparent in individu a l  anima l s , nor in the  mean pro f i l e s  

f o r  any group o f  lamb s a t  e i th e r  age . 

A n o rma l s e a s on a l  var i a t i on in  p r o l ac t in l e ve l s , wi th 

h i gh leve l s  dur ing the s ummer  months  ( 1 0 0  day s amp l ing ) and 

l ow dur ing wint e r  ( 3 0 0  day s amp l ing ) ,  was r e c orded from 

non - gang l i onectomi z e d  ent i r e s  (me an 2 4  hour l eve l s  we re  
+ + 

1 0 0 . 6 - 1 . 7  ng/ml  at 1 0 0  d ays  vs 9 . 0 - 0 . 8  ng/ml  at  3 0 0  day s , 

P <  0 .  0 0 1 )  and non- gang l i one c t om i z e d  c a s t r at e s  
+ + 

( 1 0 2 . 7 - 1 . 5  ng/ml at  1 0 0  days vs  8 . 5 - 0 . 5  ng/ml  at  3 0 0  days,  

P < O . O O l ) . G ang l i one c t omy r e s u l t e d  in a marked  d i srup t i on 

o f  t h i s  p a t t e rn with  no  s i gn i f i cant e ffec t s  o f  age  

( s e a s on )  on pro l ac t i n  concentrat i ons b e ing r e c orded from 
+ 

gang l i onectom i z e d  en t i r e s  ( 3 5 . 1  - 2 .  9 ng/ml a t  1 0 0  days 
+ 

v s  5 0 . 7 - 4 . 2  ng/ml a t  3 0 0  days ) o r  gang l i on e c t omi z e d  
+ • + 

c a s t ra t e s  ( 5 1 . 8 - 3 . 0  ng/ml  at  1 0 0  days vs 5 0 . 7 - 3 . 0  ng/ml 

at  3 0 0  days ) . Thus a t  1 0 0  days of age  gang l i onectomy 

s i gn i f i cant ly  reduce d  p ro l a c t in leve l s  from a me an o f  

1 0 1 . 6 : 1 . 1  ng/ml p l a sma i n  n o n - gang l i one c t om i z ed lamb s to  
+ 

4 3 . 5 - 2 . 1  ng/ml  (P< 0 . 0 1 ) . I n  c ompar i s on , a t  3 0 0  days o f  

a g e  p r o l a c t in l eve l s  i n  g ang l i on e c t omi z e d  anima l s  (mean 
+ S O . 7 - 2 .  5 ng/ml p l as ma ) were  s i gn i f i c ant ly  h i gher  

( P < 0 .  0 0 1 )  t han tho s e  recorded from  non- g ang l i one ctomi z ed 
+ 

l amb s (me an 8 . 8 - 0 . 5  ng/ml p l a sma) ; in the  l a tter  group 
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pro l a c t in concentrat i o ns often  were  b e l ow the l imi t o f  

a s s ay s en s i t i v i ty . 

C a s t r a t i on had no s i gn i f ic ant  inf luence o f  p r o l a c t i n  

s ecre t i on a t  e i ther age , and the r e  were  no  trends 

sugg e s t ing any influence . S imi l arly , the interac t i on o f  

cas trat i on and g ang l i onectomy was n o t  s i gn i f icant a t  e i ther  

age , a l though at  1 0 0  day s  gan g l i onec t omi z e d  ent i r e s  had 

l ower mean p r o l a c t in leve l s  than gan g l ione c tomi z e d  
+ + 

c a s t r a t e s  ( 3 5 . 1 - 2 . 9  ng/ml vs  5 1 . 8 - 3 . 0  n g/ml p l a sma , 

r e s p ec t ive ly ) . 

D .  D I SCUSS I ON 

1 .  Pul s a t i l e  Hormone Secre t i o n  

Al l an ima l s  in this  exp e r iment showed evidence  o f  

e p i s o d i c  o r  pu l s at i l e  patterns  o f  LH and t e s t o s t e rone 

s ecre t i on over  the 2 4  hour s amp l in g  periods . However , 

w i th the hour ly  s amp l ing reg ime ut i l i z ed pul s e s  o f  hormone 

r e l e a s e  could  not  be d e l ine a t e d  accurat e ly , thus no 

a t t emp t s  have been made to a s s e s s  t he e ffe c t s  o f  

e xp e r im� n t a l  treatment s  on such parame ters  o f  hormone 

s ecret i on as pul s e  frequency and pu l s e  he ight . A mor e  

frequent s amp l ing r e g ime w a s  not  p r ac t i cab l e  b e cause  o f  the 

numbe r  of anima l s  ut i l i z ed in the exper iment . Ep i s od i c  

s ecre t i on o f  b o t h  the s e  hormone s i s  now c l e a r l y  e s t ab l i shed 

in r ams ( Ka tong o l e  e t  a l . ,  1 9 7 4 ;  Purvi s  e t  a l . , 1 9 7 4 ; 

Sanford  e t  a l . , 1 9 7 4£ ,  1 9 7 7 ;  S chanbacher and F o rd , 1 9 7 6 ; 

L incoln , 1 9 7 6� ;  Barre l !  and L apwoo d , 1 9 7 3� ;  Wi l s on and 

Lapwood , 1 9 7 8�) , r am lamb s  ( F o s t e r , 1 9 7 4 ; Carr  and Land , 

1 9 7 5 ; Fo s t e r  e t  a l . ,  1 9 7 8 ; W i l s on and Lapwood , 1 9 7 8�) , 

and we the r s  (Riggs  and Ma lven , 1 9 7 4�) . 



A l though ep i s od ic LH r e l ea s e  prob�b ly i s  determined 

b y  a pul s a t i l e  p a t t e rn of GnRH r e l e a s e  from the hyp o tha l a -· 

mus , r e s e arch s o  far h a s  fa i l e d  t o  show a d i re c t  r e l a t i on ­

s h i p  b e twe en p e r iph e r a l  GriRH l eve l s  and L H  r e l e a s e  

( C r i ghton e t  a l . ,  1 9 7 3 ;  Ne t t  e t  a l . ,  1 9 7 4 ; C arme l e t  al . ,  

1 9 7 6 ) . 

I n  eva lua t i on o f  the  pres ent r e s u l t s  d i s t inc t i on 
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could  n o t  be made b e twe en the e ffects  of s e a s ons  and s tages  

of  s exua l matur ity  on  hormone s ec r e t i on pro f i l e s , 

p a r t icu l ar ly becaus e d a i ly  pho t op e r i o d  was not  h e l d  cons t ant  

dur ing the  cours e of  the  expe r iment . I n  fact  s ome 

parame t e r s  o f  pul s at i l e LH and t e s t o s t e r on e  s ecre t i on 

( e . g . frequency , amp l i tude and dur a t i on o f  pu l s e s )  have 

b een shown to  change � i th the s t age  o f  the photope r i o d ­

induced s e a s onal  cyc l e  ( S anford e t  a l . , 1 9 7 4£ ;  L in c o ln , 

1 9 7 6� ;  S chanbacher and Ford , 1 9 7 6 ; W i l s on and Lapwood , 

1 9 7 8�) , probably r e s u l t ing in g r e a t e r  b a s a l  hormone l eve l s  

b e ing a s s oc i ated  wi th  the autumn s exua l  s e a s on . 

I n  deve l op ing r am l amb s , Fos t er  e t  al . ( 1 9 7 8 )  

r e p o r t e d  that the ons e t  o f  pu l s a t i l e  LH s ec r e t i on occurred 

b e twee n  3 and 7 weeks  of  age , and dep ended more  on body ­

we i ght  than chron o l o g i c a l  age . That  s tudy a l s o  d e s c r i b e d  

a n  inc r e a s e  i n  c i rcu l a t ing  t e s t o s t e r one l eve l s  a f t e r  the 

f i r s t  o b s e rved LH pu l s e . On the  o ther  hand , W i l s on and 

Lapwood ( 1 9 7 8�) found that  t e s to s t e r one s e c r e t o ry pul s e s  

d i d  n o t  fo l l ow pul s a t i le LH re l e a s e s  c ons i s tent ly i n  6 

week  o ld r ams , but  d id s o  in 1 4  and 2 2  wee k  o l d  anima l s . 

Individual  p r o l ac t in s e c re t i on p r o fi l e s  in non ­

g ang l ione ctom i z e d  l amb s  wer e  c ons i s t ent ly h igh during t h e  



pub er t a l  s amp l ing  p e r i od (wh i c h  took  p l � c e  at about the 

t ime of the  summe r s o l s t i c e )  and very l ow dur ing the 

p o s t - pub e r t a l  samp l in g  p e r i o d  (wh i ch o c curred at about the 

t ime of the winter s o l s t i ce ) . Th i s  r e s u l t  was cons i s ten t  

w i th t h e  pho top er i o d - induc e d  s e a s on a l  cyc l e  in  p r o l a c t in 

s e cret i on r eported  by Pe l l e t ie r  ( 1 9 7 3 ) , Ravaul t  ( 1 9 7 6 ) , 

L inco l n  e t  a l . ( 1 9 7 8 )  and Barr e l l  and L apwood ( 1 9 7 8 a , £) , 
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and w i th the resu l t s  of the prev i ous  e xp e r iment ( Chap t e r  3 ) . 

I n  add i t i on to  r e cord ing h i gh summe r  and low wint e r  

p r o l a c t in leve l s , Wi l son and L apwo o d  ( 1 9 7 8�) repor t e d  a 

r e l a t ive ly  s tab l e  s e c r e tory p a t t ern  o f  p r o l a c t i n  r e l e a s e  1 n  

adu l t  r ams in  summe r ,  but  a pul s a t i l e  p r o l a c t in r e l e a s e  

p a t t e rn dur ing w i n t e r . S imi l ar l y , D av i s  e t  a l . ( 1 9 7 8 )  

f ound ep i s odic  p r o l a c t i n  r e l e a s e  i n  r ams in autumn . The 

h our ly b l ood s amp l in g  r e g ime ut i l i z e d  in the pre s e n t  

exp e r iment  probab ly  w a s  t o o  infrequent  t o  a l l ow accura t e  

d e t e c t ion  o f  pr o l ac t in s e cr e t ory pu l s e s . 

2 .  C i rcadian Per i o d i c i ty 

A feature o f  t h i s  s tudy wa s the  abs ence o f  any c l e a r  

evidence for c ir cad i an var i a t i on s  in  t h e  p l a sma l e ve l s  o f  

LH , t e s t o s te rone o r  pro l ac t in i n  indiv i dua l an ima l 

s e c r e t i on p r o f i l e s , at e i the r the pub er tal o r  po s t -

pub er t a l  s amp l ing s . Any imp o r t ant  c i r c ad i an rhythms o f  

hormone s ecret i o n  s hould  hav e  b e en mo s t  obvious in  g r aphs  

of  mean s e cre t o ry p r o f i l e s  in  wh i ch influence s  o f  

ind ividua l - an ima l s ec r e t ory pul s e s  wer e  minimi z e d ; n o  

such rhythms wer e  r e c o rde d .  Mo s t  p r e v i ous repo r t s  o f  

p e r iphe ral  p l as ma hormone concent r a t i ons  in rams have 

a l s o  fa i l ed to show any c ir c a d i an r hythmic i ty in s ec re t i on 



o f  LH , FSH , t e s to s te rone o r  p r o l a c t in (Kat ongo l e  e t  a�. , 

1 9 7 4 ; Sanford e t  a l . , 1 9 7 4 � , c ;  1 9 7 7 ;  Schanbacher and Ford , 

1 9 7 6 ; Wi l s on and Lapwood  1 9 7 8d ) . On the o ther hand the r e  

a r e  s ome rep o r t s  o f  e l evated  noc turnal  p l asma l eve l s  o f  

pro l ac t in in s heep ( Dav i s  and B o r ger , 1 9 7 3 ;  Forb e s  e t  a l . ,  

1 9 7 5 ; Ravau l t  and Ortavant , 1 9 7 7 ;  Barr e l l  and Lapwo o d , 

1 9 7 8� ;  L incoln  e t  al . ,  1 9 7 8 ), but  only a few r ep or t s  o f  

s imi lar  cyc l i c i ty in b l ood  concent r a t i ons o f  

gonadotroph ins  o r  t e s t o s teron e  (We tt ernann and De s j ardins , 

1 9 7 3 ;  L inco ln e t  a l . , 1 9 7 7 ) . 

I t  h a s  been  sugg e s ted  that  the c i rcadian rhythms are  

determined by dai ly cyc l e s  in  l i ght ing and an ima l a c t i v i ty 

(L inc o ln e t  a l . ,  1 9 7 7 ,  1 9 7 8 ; Ravau l t  and Ort av an t , 1 9 7 7 ;  

Barre l l  and L apwood , 1 9 7 8�) , but the mul t i tude o f  

var i a t i ons i n  environment a l  cond i t i ons , b r e e d s , 

reproduct ive s t ates  and the me thods  and frequenc i e s  o f  

b lood  c o l l e c t i on ut i l i z ed , make s i t  d i f f i cu l t  t o  interpret  

the  s ta tus o f  any rhythmic i ty in  reproduct ive hormone 

s e cre t ion in  the ram .  
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I n  the  p r e s ent s tudy a t  l e a s t , the ab s ence  o f  any 

c i r cad i an t r ends in hormone s e c r e t i on may have b e en due to  

the fact  that  the  anima l s  w e r e  r emoved from  pas ture  and 

housed  ind o o r s  in individu a l  me t ab o l ism crat e s  only 2 to 3 

days p r i o r  t o  s amp l ing . The  s tr e s s  o f  unfam i l i ar i ty w i th 

the  env i r onmen t may have ab o l i shed  any usua l c i r c ad ian 

r hythm . Ho l l ey et a l . ( 1 9 7 5 ) r eported  tha t adu l t  r ams took  

6 days  of  cage  r e s tra int b e fo r e  e l evat e d  and e r ra t i c  da i ly 

p l a sma c o r t i s o l  leve l s  wer e  rep laced  by the normal d a i ly 

rhythm . A s ec ond , but l e s s  l ik e ly exp l anat i on i s  that  a s  



LH , p r o l a c t in and t e s t o s t e r on e  have h a l f - l i fe ' s  o f  3 0  

minute s  or  l e s s  ( G e s chwind a n d  Dewey , 1 9 6 8 ; F o s t e r  e t  a l . ,  

1 9 7 2 , 1 9 7 5 ; Akb ar e t  a i . ,  1 9 7 4 ; Hayne s e t  al . , 1 9 7 6 )  the 

frequency of s amp l ing may have prec luded any rhythm from 

b e ing d e t e c t e d . 

The  s i gn i f i cance o f  any rhythmic i ty in h o rmone 

s ecre t i on is unc l e ar , but i t  may be r e l ated  to change s  in 

reproduct ive s t ates  such as pub erty o r  s e asona l i ty .  

MacK innon e t  a l . ( 1 9 7 8 )  d e s c r ib e d  chang e s  in the pha s e  and 

amp l i tude of c i rcad ian rhyt hms in FSH , p r o l a c t i n  and 

cort i c o s t erone s e cre t i on a s s oc i ated  with  the ons e t  o f  

pub e r ty i n  fema le  rats . Al s o  We i tzman e t  al . ( 1 9 7 5 )  

repor t e d  that a s l e ep - re l a t e d  incre a s e  in ep i s od i c  LH 

s e c r e t i on f i r s t  occurred in  pub e r t a l  ch i ldr en . 

The  e x i s tence o f  a p ho t o s en s i t ive pha s e  in  the 2 4  

hour per i o d  i n  r ams (Ravau l t  e t  a l . ,  1 9 7 6 ; G a rn i e r  e t  a l . ,  

1 9 7 7 a ;  Ravau l t  and Ortavan t , 1 9 7 7 ) , dur ing wh i ch exp o sure 

to  l ight s t imu l a t e s  t e s t o s t erone and d imini she s pro l ac t in 

s ec r e t ion , sugge s t s  that the  inc idence o f  c i r c ad i an 

1 2 5  

hormone s e c r e t i on may r e f l e c t  the s t age  of  the  pho t op e r i o d ­

induced s e a s onal  s exua l  cyc l e . 

3 .  C a s t rat i on 

As  expe c t ed , cas t r a t i on s i gn i f i cant l y  e l eva ted  LH 

l e ve l s  thr oughout the 2 4  h our s amp l ing per i o d , b o t h  in 

non - gang l i onectom i z e d  and g ang l i one c t omi z e d  anima l s  at b oth 

a g e s . Th i s  r e s u l t  c oncu r s  wj_ th  tho s e  of P e l l e t i e r  ( 1 9 6 8 )  

and Fo s t e r  ( 1 9 7 4 )  who s h owed  a r i s e  in LH l eve l s  i n  adu l t  

r ams and newb orn r am l amb s r e sp e c t iv� ly ,  fo l l owing 

c a s trat i on . Norma l t e s t i cu l ar inhi b i t ion o f  LH s e cr e t i on 



h a s  b e en a t t r ibuted t o  two d i fferent  act ions  o f  

t e s to s t erone , one b e ing an inhib i t i on o f  p i tui tary 

r e spons ivene s s  to GnRH and the s ec o nd an inhi b i t i on o f  

hyp o th a l am i c  GnRH synthe s i s ( P e l l e t i e r , 1 9 7 0 , 1 9 7 4 ; 

G a rn i e r  e t  a l . , 1 9 7 7b ) . 
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The incr e a s ing i n t e n s i ty of t e s t i cu l ar s t er o id 

r e gulat i on o f  LH s e c r e t i on i n  deve l op ing  r am l amb s i s  

shown by the  s ign i f i cant l ower ing o f  LH l eve l s  i n  ent i r e s  

b u t  n o t  c a s trate  l amb s at  3 0 0  days c ompared  w i t h  1 0 0  days  

of  age , wh i l e  at  the s ame t ime p l asma t e s t o s t er one l eve l s  

i n  ent i r e s  had incr e a s e d , but n o t  s i gn i f i can t l y . Th i s  

r e su l t  a l s o  tends t o  c o n f i rm the e l eva ted  L H  leve l s  s e en 

i n  non - gang l i one c t om i z ed en t i r e s  b e tween 8 and 13 we eks  o f  

a g e  des c r ibed  i n  Chap t e r  3 ,  a l though the pro f i l e  s tudy was 

conduct e d  at  over 1 4  we eks  of age when LH l e ve l s  were  

fa l l ing . 

P l a sma p r o l a c t i n  p r o f i l e s  were  n o t  s i g n i ficantly  

i nfluenced by c a s t r a t i o n  a t  e i th e r  age  and this  r e s u l t ,  

s im i l ar t o  that r e c o rded  i n  the l on g i tud ina l s tudy 

(Chap t e r  3 ) , i s  cons i s tent  w i th repo r t s  tha t p r o l ac t in 

s ec r e t i on i s  not  inf luenced by e i ther endog enous or 

exogenous  andr ogen s in r ams , or  by exogenous  androgens  in 

we th e r s  ( P e l l e t i e r , 1 9 7 3 ; Ravau l t  e t �! · , 1 9 7 7 a ) . 

Howeve r , Dav i s  e t  a l . ( 1 9 7 8 )  d i d  report  that  l arge  d o s e s  o f  

androgens o r  o e s trogens  could  increase  pro l ac t in s e c r e t ion  

i n  wethe r s . 

4 .  Cran i a l  C� rvi c a l  Gang l i onec t omy 

C r an i a l  cerv i c a l  gang l i one c t omy e l evated  LH l eve l s  a t  

the p os t - pub e r t a l  s amp l ing . Th i s  e ff e c t  was due ent i r e ly 



t o  the cas trate s ,  the two . g roups o f  ent i r e ani@a l s  having 

i dent i c a l  mean LH concen t r at ions  ( 0 . 4 1 ng/ml ) . 
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A previous s tudy at  this  l ab o r a t o ry s howe d  that  

p ine a l e c tomy of  adu l t  r ams s ign i f i can t ly e l evated mean LH 

l eve l s  in  acute  s e cre t i on p ro f i l e  s tud i e s  (Barre l l  and 

L apwoo d , 1 9 7 8�) and induced  s im i lar  t rends in t e s t o s t e rone 

l eve l s . 

S ince gang l i on e c t ony had no e ff e c t  en LH s e c r e t i on at  

the pubertal  s amp l ing i t  is  p o s s ib l e  that  the p in e a l  g l and 

of young ma l e  l amb s d o e s  not have a s i g n i ficant influence 

on LH s e cre t i on a t  that age , in  con t r a s t  to  the s i tuat i on 

in p o s t - pub e r t a l  and adu l t  an ima l s . Al t e rnative l y , dur ing  

summer when the l ong da i ly photop e r i o d  i s  thought to  

supp r e s s  p ineal  an t i gonado trophic  fun c t i on ( Re i t e r , 1 9 7 7 ) , 

any e ffect  o f  g an g l i onectomy on LH s e cr e t i on may b e  

exp e c ted  to  b e  minima l . 

The l ack o f  e ffect  o f  g ang l i one c t omy on t e s t o s t e r one 

s e c r e t ion was  c ons i s t ent with  p r e v i ous reports  of  a l t e r e d  

LH , b u t  not t e s t o s t er one s e c r e t ion , b o th in 

gan g l i onec tomi z e d  and p ineal e c t omi z e d  rams (Barr e l l  and 

Lapwood , 1 9 7 8� , �) . The s e  d i fferent i � l  e ffec t s  of the 

p in e a l  on LH and t e s t o s t erone s ec re t i on probab ly r e f l e c t  

t h e  fact  that the t e s t e s  a r e  more  r emote  from the p ine a l , 

b o th anatom i c a l ly and phys i o lo g i ca l ly , than i s  the  

p it u i t ary . 

In  compar i s on ,  g ang l i onect omy had a mo s t  mark e d  

i n fluenc e on t h e  2 4  hour p l a sma p ro f i l e s  o f  pro l ac t i n , 

d i s rup t ing the no rma l s ea s onal  v a r i a t i on o f  h i gh l eve l s  

dur ing the s ummer months and l ow c oncentrat i ons  dur ing  
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winter . Thi s  r e sul t was more c l e ar cut than that  r e corded 

in the  l ong i tud in a l  s t udy de s cr i b e d  in Chapter  3 .  

Length  o f  .the da i ly photop e r iod  i s  the mo s t  imp o r t an t  

r egul a t o r  o f  p r o l a c t in s e c r e t i on in r ams (Pe l l e t i e r , 1 9 7 3 ;  

L incoln  e t  a l . , 1 9 7 8 ; Barre l l  and Lapwood , J 9 7 8 c , �) . 

P ine a l e c t omy abo l ished  s e a s on a l  and c i r cad ian rhythms in 

p la sma p r o lact in l eve l s  in adu l t  r ams (B arre l l  and Lapwo od , 

1 9 7 8£ , e )  and s im i l ar ly remove d the  e ffects  o f  day l ength  on 

p r o l ac t in s ecret i on in cas t r a t e d  lamb s ( F orb e s , 1 9 7 5 ;  

Brown e t  a l . ,  1 9 7 7 ) . The p r e s en t  exper iment p r o v i d e s  

further  evidence t h a t  t h e  p in e a l  g l and modu l a t e s  t h e  

s e a s ona l i ty o f  p r o l a c t in s e c r e t ion  i n  r ams . 

There  are  no r epor t s  in  the  l i t e r a ture wh i ch have 

c ompared  the e f fe c t s  of p in e a l  funct ion on ent i r e  and 

c a s t r a t e  dome s t i c anima l s . Howeve r ,  in ma l e  r at s , 

p ine a l e c t omy l owered s e rum pro l ac t in l eve l s  b o t h  1 n  

cas t r a t e  and intact  anima l s , ind i c a t ing that  the 

s t imu l atory  e ffect  of the p ine a l  g l and on p r o l a c t i n  

s ec r e t ion  was not  dependent o n  the pres ence o f  t h e  t e s t e s  

( R�nn ek l e iv and McC ann , 1 9 7 5 ) . S imi lar ly , p l a sma FSH and 

LH l eve l s  were not  s igni fi c an t ly influenced by 

p ine a l e c t omy in c a s t rated  r a t s  (Talbot  and Re i t e r , 1 9 7 3 / 7 4 ; 

S l ama - Scemama , 1 9 7 6 ) . Howeve r ,  Card ina l i  and h i s  

c o l l e a gu e s  ( s ee  rev i ew b y  Cardina l i  and Vac a s , 1 9 7 8 )  have 

rep o r t e d  that  p i tu i t ary and gonadal  hormone s  may b e  

invo lved  in t h e  regu l at i on o f  p ineal  funct i on by the 

ope r a t i on of a fe edb ack mechan i s m  in rats . 



CHAPTER V 

THE EFFECTS OF  CRANIAL CERVI CAL GANGL I ONECTOMY 

ON P I TU I TARY LH AND GONADAL TESTOSTERONE RESPONSES ,  

AND OF CASTRATI ON ON P I TU I TARY LH RE SPONSES , 

TO E XOGENOUS GnRH I N  PUBERTAL AND POST - PUBERTAL MALE LAMB S 

A .  I NTRODUCT I ON 

Admin i s trat i on o f  synthe t i c  GnRH induc e s  r e l e a s e  o f  

LH in adu l t  r ams and weth e r s  (Reeves  e t  a l . ,  1 9 7 0 ; 

Hopkins on e t  a l . , 1 9 7 4 ; G a l l oway and P e l l e t i er , 1 9 7 5 ; 

P e l l e t i e r , 1 9 7 6 ; S t e lmas i ak and G a l l oway , 1 9 7 7 ; Wi l s on and 

L apwood , 1 9 7 8�) , r am l amb s ( Ga l l oway and P e l l t i er , 1 9 7 4 ; 

L e e  e t  a l . ,  1 9 7 6� ;  W i l son  and Lapwood , 1 9 7 8�) , and neona t a l  

and foe t a l  l amb s ( F o s t e r  e t  a l . ,  1 9 7 2 ; F o s t e r , 1 9 7 4 ) . 

Chang e s  in s ens i t i v i ty o f  the p i t u i t ary to  hyp o tha l amic  

re leas ing hormone s ,  a s  we l l  as  incre a s ing s t e r o idogenic  

capac i t y  of  the  t e s t e s , may b e  p a r t  o f  the  s exua l 

matur a t i onal  proce s s  (Ode l l  and Swerd l o ff , 1 9 7 6 ) . I n  r am 

l amb s maxima l p i tu i t ary LH re s p o�s e s  t o  exogenous GnRH o ccur 

b e tween 2 and 3 months  a f t e r  b ir th ( L e e  �!_a l . ,  1 9 7 6� ;  

Wi l s on and Lapwood , 1 9 7 8b ) , whi l e the t e s to s t erone r e spons e 

incre a s e s  progr e s s ive ly w i t h  age , a t  l e a s t  unt i l  3 2  weeks  

(Wi l son  and Lapwo o d , 1 9 7 8b ) . 

Thi s  exp e r iment  was  d e s i gned  t o  s upp l ement the s tudy 

d e s cr ib e d  in the  p revious  chap t e r  by inve s t igat ing the  

influence o f  cran i a l  cervi c a l  g ang l i onectomy on p i tu i t ary 

LH and gonada l t e s t o s t e rone r e spons e s , and of  ca s t ra t i on 

on p i tu i t a ry LH r e spons e s , fo l l owing synthe t i c  GnRH 

adm in i s t r a t i on t o  pub e r t a l  and p o s t - pube r t a l  mal e  l amb s . 



B .  MATERIALS AND METHODS 

One hour after  comp le t i on of the 2 4  hour pro f i l e  

s amp l e  c o l l ect i ons  d e s c r i b e d  in Chap t e r  4 ,  L O  )l g  o f  

synthe t i c  GnRH wa s admin i s tered  v i a  the venous cannu l a e . 

B l ood  s amp l e s  were  t aken v i a  the c annulae  immed i a t e ly 
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p r i o r  to GnRH admin i s tr a t i on ( t ime 0 )  then 3 0 , 6 0 , 9 0 , 1 2 0 , 

1 8 0 , 2 4 0 , 3 6 0  and 4 8 0  minutes  l at e r . Con s tan t  art i fi c ia l  

l i ght ing was p rovided  thr oughout the p e r i od o f  s amp l e  

co l l ect i on . 

The t o t a l  output o f  hormone s ecre ted was ca l cu l a t e d  

a s  the a r e a  unde r  hormone response  curve s and expre s s ed a s  

ng/ml . hours (ng/ml . h ) . S t a t i s t i c a l  ana lys e s  o f  b a s a l  and 

p e ak hormone l eve l s , and of t o t a l  hormone re spons e s , 

cons i s ted  o f  S tudent ' s  t - t e s t  eva luat ions  o f  the e ff e c t s  o f  

cas trat i on , g ang l i onect omy , and the i r  interact ion , on 

l ogar i thm trans formed d ata . I n  add i t i on ,  for l amb s in  e ach 

treatment g r oup , !- t e s t s  were u t i l i z e d  to a s s e s s  the 

e ffe c t s  of age  on the ab ove parame t e r s . 

C .  RESU�TS 

S e e  Tab l e s  5 . 1  and 5 . 2  

1 .  LH 

Indivi dua l LH re spon s e s  o f  pub er t a l  l amb s t o  exogenous 

GnRH are shown in F i gures  5 . 1  to 5 . 4 with the mean r e spon s e s  

f o r  each t r e a tment group shown i n  F i gure 5 . 5 . S im i l ar ly , 

the p o s t - pub e r t a l  re spons e s  a r e  s hown in F i gure s  5 . 6  t o  

5 . 1 0 .  

Pre - inj e c t i on o r  b a s a l  LH l ev e l s  in  c a s trate  l amb s were  

greater  than in ent i r e s  at  b o th 1 0 0  days 



Table 5 . 1  Mean ( !  S . E . M . ) basal hormone levels , and peak and total hormonal responses to GnRH inj ect ion . 

Treatment 
Age ( days ) 

Entire 

Non-ganglionectomized 

Ganglionectomized 

Castrate 

Non-ganglionectomized 

Ganglionectomized 

Ent ire 

Non-ganglionectomized 

Ganglionectomi zed 

Basal Levels ( ng/ml ) 

100 

+ 
6 . 8 5 - 2 . 22 

+ 
1 . 23 - 0 . 67 

+ 
11 . 14 - 2 . 49 

+ 
8 . 29 .:. 2 . 0  

+ 
0 .  34 - 0 . 10 

+ 
0 .  40 - 0 . 15 

300 

+ 
1 . 50 - 0 . 5 3 

+ 
0 . 95 - 0 . 11 

+ 10 . 90 - 1 . 49 

+ 
18 . 88 - 1 . 71 

+ 
0 . 6 3 - 0 . 17 

+ 
0 . 67 - 0 . 18 

Peak Levels ( ng/ml ) 

lOO 300 

Luteini zing Hormone 

+ 
27 . 64 - 5 .  80 

+ 
17 . 6 5 - 2 . 6 3 

.J.. + 
2 8 . 69 .:. 4 . 61 21 . 56 - 4 . 5 9 

+ 57 . 74 - 6 . 48 + 69 . 84 - 7 .  91 

+ 
6 2 . 76 - 0 . 14 + 

80 . 6 7 - l .  64  

Testosterone 

+ 
2 .  76 - 0 . 14-

+ 
2 . 81 - 0 . 36 

+ 
7 . 70 - 1 . 19 

5 . 62 :!: 0 . 91 

Total Responses ( ng/ml , h )  

100 

43 . 53 ! 10 . 85 

54 . 10 ! 11 . 0 5 

125 . 09 :!: 17 . 69 

14 7 .  32 :!: 2 2 .  9 4  

6 . 16 :!: 0 . 68 

+ 
7 .  30 - l .  34-

300 

36 . 66 ! 5 . 93 

+ 
5 2 . 31 .. 10 . 99 

158 . 17 :!: 19 . 51 

213 . 38 :!: 7 . 20 

+ 22 . 92 - 3 . 74 
+ 

18 . 5 9 - 3 . 80 

1-' w 
.... � 



- -

Table 5 . 2  Summary of t-test analyses of LH and te stosterone responses to GnRH . 

Treatment 

A .  Ent ire vs Castrate 

B .  Non-gangX vs GangX 

C .  Interaction AxB 

D .  Age ( 10 0  vs 300  days ) 

( i )  Non-gangX Entires 

( ii )  Non-gangX Castrates 

( i ii ) GangX Entires 

( iv )  GangX Castrate s  

Age ( days ) 

A .  Non-gangX Entires � GangX Ent ires 

B .  Age ( lOO vs 300 days ) 

( i )  Non-gangX Entire s 

( i i )  GangX Ent ire s 

;'do':P < O . OO l ,  :'d=P <O . O l ,  :'=P <O . O S 

Basal L:vels 

100 .300  

3 . 6 0 5 ;h': 7 .  718;'::H: 
( 22 )  

0 . 788  
( 22 )  

1 . 69 7  
( 20 )  

0 . 359  
( 10 )  

( 20 )  
1 . 19 7  

( 20 )  
5 .  226 :': :': :': 

2 .  973 ;': 
( 11 )  

0 . 286 
( 10 )  

0 . 412 
( 10 )  

2 .  609 :': 
( 9 )  

( 18 )  

0 . 147 
( 11 )  

1 .  380 
( 11 )  

1 . 101  
( 10 )  

Peak Levels 

100 300 

Luteiniz ing Hormone 

3 .  4 13�': :h': 8 .  5 5  7;'::'::': 
( 22 )  

0 . 06 5  
( 2 2 )  

0 . 114 
( 20 )  

( 20 )  
0 . 906 

( 20 )  
0 . 29 7  

_1 . 120  
( 11 )  

0 . 967  
( 10 )  

0 . 870 
( 10 )  

1 .  2 87 
( 9 )  

( 18 )  

Testost erone 

0 . 761  
( 10 )  

1 .  337  
( 11 )  

5 .  3.8 3;'::H: 
( 11 )  

2 .  560 :': 
( lo )  

NotE! : Fi gures in brackets are the numbers of degrees of freedom for each contPast . 

Total Output 

100 300 

6 .  800;Hd: 
( 22 )  

0 . 76 5  
( 22 )  

1 . 12 5  
( 20 )  

8 .  980;'bh': 
( 20 )  

0 . 799 
( 20 )  

0 . 40 7  
( 18 )  

0 . 012 
( lJ. ) 

1 .  3 5 2  
( 10 )  

0 . 09 3  
( 10 ) 

4 · 304''' 
' ( 9 )  

• 'I  q ,, 

0 . 6 8 8  
( 10 )  

0 . 6 5 3  
( 11 )  

< •t ) . 

_5_ • ..-8 9 5 ,.,, �·: �·, 
( 11 )  

2 .  700•'= 
( 10 )  

' ) 
--.< 7  

t-' w �_, 
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l a m b s  a t  1 0 0 d a y s  o f  a g e . 
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(mean 9 .  7 1  � 1 .  5 8  ng/ml in  c a s t r a t e s  vs 4 .  0 4  � 1 .  3 9  ng/ml  

iP.. ent i r e s ; P <  0 . 0 1 )  and 3 0 0  days (me an 1 4 . 8 9 � 1 . 6 5 ng/ml  
+ 

in  c a s t r a t e s  vs  1 . 2 3 - 0 . 2 9 ng/ml  in ent i r e s ; P < O . O O l ) . 

The interac t i on o f  cran i a l  c e rv i c a l  gang l ionectomy w i t h  

c a s trat i on wa s s ign i f i c ant for  b a s a l  L H  l eve l s  a t  3 0 0  days  
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of a g e  C P <O . O O l )  b e caus e o f  the  g r e a t ly e leva t e d  l eve l s  in 

the gang l ionectom i z ed c a s t r a t e s . T h i s  inte ract i on was no t 

s igni f i cant at  1 0 0  days o f  age . 

F o l l ow ing GnRH admin i s t r a t ion , LH concentra t i on s  r o s e  

quickly  w i t h  p e a k  leve l s  b e ing a t t a ined i n  near ly  a l l  

an ima l s  w i thin 3 0  - 6 0  minut e s . Sub s e quent ly there  was a 

r e turn t o  b a s a l  l eve l s , usua l ly wi thin 2 - 4 hour s . 

However ,  the pos t - pub e r t a l  g an g l ionectom i z e d  ent i r e s  d i d  

d i ffer  in  that p e ak l eve l s  in s ome an ima l s  were  no t 

r e corded  unt i l  up to 1 8 0  minut e s , w i th the r e turn to  b a s a l  

l eve l s  t ak ing 3 - 6 hours . 

Cas t r a t e s  had g r e a t e r  p e ak LH c oncentrat i ons  than 
+ 

ent i r e s  at  b o th 1 0 0  days (mean 6 0 . 0 0 - 6 .  3 4  ng/ml  in  
+ 

c a s t r a t e s  v s  2 8 . 1 6 - 3 . 5 4 ng/ml  in ent i r e s ; P < O . O O l )  and 

3 0 0  days (mean 7 5 . 2 5 � 4 . 4 3 ng/ml  in cas trates  v s  

1 9 . 6 1 � 2 . 5 0 n g / m l  in ent i r e s ; P < O . O O l ) . A l s o  t h e  t o t a l  

output o f  LH s e c r e t e d  i n  r e s p ons e t o  GnRH was s i gn i f i cant ly 

h i gher  in c a s t r a t e s  than ent i r e s : me an t o t a l  r e sp on s e s  were 

1 3 6 . 2 1 ! 1 4 . 2 2 ng/ml . h  in c a s t ra t e s  v s  4 8 . 8 1  � 7 . 5 6 ng/ml . h  

in ent i r e s  ( P z O . O O l )  at  the  pub e r t a l  s amp l in g ; and 
+ + 

1 8 3 . 2 6 - 1 3 . 7 4 ng/ml . h  in  c a s t r a t e s  vs 4 3 . 8 8 - 6 . 1 5 ng/ml . h  

in  ent i r e s  ( P < O . O O l )  a t  the  po s t - pub e r t a l  s amp l ing . 

Al though me an LH r e s p on s e s  t ended to  b e  s l i g h t ly 

higher  in gang l ionectom i z e d  anim a l s  a t  both a g e s , there  wa s 
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no s i gn i f i cant e ffect  o f  gang l i on e c t omy . L ikew i s e  for p e ak 

LH leve l s  and t o t a l  LH re spons e s  the inteiact i ons  o f  

. g ang l ione c t omy and cas trat ion we re  not  s igni f i c an t . 

Comp a r i son o f  pub e r t a l  and p o s t - pube r t a l  LH data  

showed that  basal  l eve l s  in  non� g ang l i onectom i z e d  ent i r e s  

wer e  hi gher at t h e  pub e r t a l  r a ther  than the p o s t - pub e r t a l  
+ 

s amp l ing (mean l eve l s  we re  6 .  8 5  - 2 .  2 2  ng/ml a t  1 0 0  days vs  

l. 5 0 � 0 . 5 3 n g I m 1 at  3 0 0 days  ; P <( 0 . 0 5 ) . On the o the r hand 

in g ang l i onectomi z e d  cas trat e s  b i s a l  l eve l s  we r e  l ower in 

pub e r t a l  than p o s t - pub e r t a l  an ima l s  (mean l eve l s  were 
+ + 

8 . 2 9 - 2 . 0 0 ng/ml at  1 0 0  days v s  1 8 . 8 8 - 1 . 7 1 ng/ml at  3 0 0  

days ; P < 0 .  O S ) . There  was no  e ffect  o f  age on the b a s a l  

leve l s  i n  the gang l i onectomi z ed ent i r e s  or  non -

. g ang l i one c t om i z ed cas trat e s . 

P e ak l eve l s  and t o t a l  LH r e spons e s  to  GnRH t ended t o  

be  greater  i n  ent i r e s  at  1 0 0  days than at  3 0 0  d ay s , wh i l s t  

i n  c a s trat e s  the s e  value s we re  greater  a t  3 0 0  days . 

Howeve r ,  for  p e ak leve l s  none o f  the s e  d i ffe r ences  were  

s i gn i fi can t , whi l e the  only  group o f  an ima l s  for  wh i ch age  
• 

had a s i gn i f i c ant e ffect  on t o t a l  LH output were  the 
+ 

. g ang l i one c t omi z e d  c a s t rate s (me an t o t a l s  we r e  1 4 7 . 3 2 -

2 2 ; 9 4 hg/ml . h  at  1 0 0  days  v s  

days ; p < o . o s ) . 
2 .  Te s to s t e r one 

+ 
2 1 3 . 3 8 - 7 . 2 0 ng/ml . h  a t  3 0 0  

S e e  F i gures  5 . 1 1 to  5 . 1 3 (pub e r t a l )  and 5 . 1 4 t o  5 . 1 6 

(po s t - pub e r t a l )  and Tab l e s  5 . 1  and 5 . 2  for t e s t o s t e r one 

r e s ul t s . 

Repre s entative  p l asma s amp l e s  c o l l e c t e d  from c a s t r a t e  

anima l s  a t  b o th ages  showe d  ther e  was no t e s t o s terone 
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re sponse  to GnRH , the leve l s  b e ing b e l ow the l imi t o f  

assay sens i t iv ity . 

Fo l l owing GnRH admin i s t r a t i on t e s tos terone l eve l s  in 

ent ire  

at l O O  

l e ve l s  

+ 
l amb s r o s e  from me an b a s a l  l eve l s  o f  0 . 3 7 - 0 . 0 9 ng/ml 

+ 
days and 0 . 6 S - 0 . 1 2 

+ 
o f  2 .  7 9 - 0 . 1 9 ng/ml 

ng/ml at 3 0 0  days , to mean p e ak 
+ 

and 6 .  7 4 -- 0 .  80 ng/ml , 

r e s p e c t i v e ly . Pub e r t a l  non- gang l i onectomi z e d  ent i r e s  

re ached th i s  peak wi thin 3 0  - 9 0  minutes  and the r e turn t o  

b a s a l  l eve l s  occurred  3 - 4 hou r s  p o s t - inj ect i on . I n  

contras t ,  i n  pub e r t a l  g ang l i on e c t omi z ed ent i r e s  and b o th 

groups a t  the p o s t - pub e r t a l  s amp l ing , t e s tos t e rone 

concent r a t i ons t ook 60 - 1 2 0  minut e s  to  r each peak va lue s 

and about 4 - 6 hours t o  re turn to  b a s a l  leve l s . 

At b o t h  s amp l ing ages  cran i a l  cerv i c a l  

gang l ionec tomy h a d  no s i gn i fi cant e ffect  on b a s a l  o r  pe ak 

t e s t o s t e rone leve l s , nor on t o t a l  t e s t o s t erone r e s p ons e s . 

B e twe en- age  compar i s ons  o f  t e s to s te rone values  ( shown 

in Tab l e  S . 1 ) showed that : C i ) mean b a s a l  l e ve l s  were  

h i gher at  3 0 0  d ays  but  this  d i ffer ence was  no t s i gn i f i cant ; 

( i i ) p e ak l eve l s  we re  g r e a t e r  a t  3 0 0  days in b o t h  the non ­

gang l i one c t omi z e d  (P<: O . O O l )  and g ang l i onect omi z ed 

( P <:  0 .  O S )  ent i r e s ; and ( i i i )  t o t a l  t e s t o s t e r one r e spons e s  

were g r e a t e r  a t  3 0 0  days i n  b o th non - gang l i one c t omi z e d  

(iP < O . 0 0 1 )  and gang l ionec t om i z ed ( P <  0 .  O S )  en t ir e s . 
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D .  D I SCU S S I ON 

Admin i s trat ion o f  GnRH in th i s  exp e r iment r e s u l t e d  in 

the r e l e a s e  o f  LH in  a l l l amb s , and in ent i r e  anima l s  t h i s  

in turn induced inc r e as e s  in  p l a sma t e s t o s terone 

concent r a t i ons . The s e  r e su l t s  are comparab l e  with  tho s e  o f  

o t h e r  s tud i e s  o f  GnRH admin i s t rat i on t o  r ams , wether s  and 

r am l amb s ( Re eves  e t  a l . , 1 9 7 0 ; Hopk inson e t  a l . , 1 9 7 4 ; 

F o s t e r , 1 9 7 4 ; Gal l oway and Pe l l e t i e r , 1 9 7 4 , 1 9 7 5 ; 

Pe l l et i e r , 1 9 7 6 ; L e e  e t  a l . ,  1 9 7 6b ; W i l s on and Lapwo od , 

1 9 7 8� , �) . 

Previous r e s e ar ch has  shown that p i tu i t ary 

r e spons ivene s s  t o  synthe t i c  GnRH c an b e  influenced by d a i l y  

photop e r i o d  i n  rams ( L inco l n , 1 9 7 7 ) , pre gnancy , 

partur i t i on ,  lactat i on and s e a s ona l ity . in ewe s  (Jenkin 

et a l . , 1 9 7 7 ) , and the  s t age  of reproduc t ive d eve l opment 

in r am l amb s ( Ga l l oway and Pe l l e t i e r , 1 9 7 4 ; L e e  et a l . ,  

1 9 7 6� ;  W i l s on and Lapwo o d , 1 9 7 8�) . 

P i tu i t ary s en s i t i v i ty t o  exo genous GnRH i s  max ima l a t  

about 6 - 8 we eks o f  a g e  in  r ams , a f t e r  wh i ch the r e  i s  a 

p r o g r e s s ive d e c r e a s e  in  the  t ime taken t o  reach peak  

concentrat i ons (Lee  et  a l . ,  1 9 7 6� ;  Wi l s on and Lapwo od , 

1 9 7 8�) . The prepub e r t a l  p e a k  o f  p i tui tary s ens i t i v i ty t o  

GnRH p o s s ib l y  i s  inv o l ved in  in i t i at i on o f  pub e r t a l  

p r o ce s s e s  (Ode l l  and Swerd l o ff , 1 9 7 6 ) . 

W i l s on and L apwoo d  ( 1 9 7 8�) a l s o  r e p o r t e d  that  w i t h  

advanc ing a g e  ther e  was a n  incre a s e  in p e ak and t o t a l  

t e s to s t e r one r e spons e s  t o  s in g l e  GnRH inj e c t i ons . 

A l though accurate  anal ys i s  o f  the t ime taken t o  

r e ach p e ak L H  and t e s t o s t e r one l eve l s  c o u l d  not  b e  made i n  
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th i s  exper iment , due to  the infrequency of b L o u d  s amp l ing , 

the data  obt a ined  sugges ted  thit the  LH p eak was 

p r o gre s s ively  d e l ayed wi th advinc ing age . Re s u l t s  o f  t h i s  

exp e r iment a l s o  s howed that there  w a s  a decrea s e  in  t h e  LH 

r e s ponse and inc r ea s e  in t e s t o s t e rone s e cret i on w i th 

increas ing a g e , suppo r t ing thi � oncep t that r eproduc t ive  

deve l opmen t is  a s s o c i ated  with  incr e a s ing s t e r o idogen i c  

capac i ty o f  the  t e s t e s , &nd thus a g r e a t e r  intens i ty o f  

f e e dback inhib i t i on o f  LH s e c r e t i on . 

The g r e a t e r  and more rap i d  LH s ec r e tory respon s e  to  

synthe t i c  GnRH in  c a s t rate  anima l s , rather  than  ent i r e s ,  

h a s  b e en r e corded  in  other  s tud i e s  ( Re eves e t  a l . ,  1 9 7 0 ; 

Ga l l oway and P e l l e t i e r , 1 9 7 5 ; Pe l l e t ie r , 1 9 7 6 ) . 

Undoub tedly , t e s t icular  inhib i t i on o f  p i tui ta ry LH 

s ecret ion in ent ire  an ima l s  was induce d  by t e s t o s t e r on e  

( G a l l oway and P e l l e t ier , 1 9 7 5 ;  Pe l l et i e r , 1 9 7 6 ) . 

P e l l e t ier  ( 1 9 7 6 )  sugge s t e d  tha t ' ' t e s t o s terone c ou l d  a c t  

in  two d i f fe r ent , r e l at ively  indep endent , ways at  p i tu i t ary 

l eve l : 

a )  b y  inhib i t ing the magn i tude o f  the p i tuit ary 

r e s p ons e t o  LH- RF , 

b )  b y  d e l ay ing the LH r e sp on s e  t o  LH- RF" . 

A s i gn i f i cant int e rac t i on o f  cranial  c e r v i c a l  

. g ang l i on e ct omy with  c a s t r a t i on , a f fe c t ing b a s a l  LH l e ve l s  

a t  the p o s t - pube r t a l  s amp l ing , a s  we l l  as an e ffect  o f  age  

on b a s a l  LH leve l s  in the non � g an g l i onectom i z e d  ent i r e s  and 

the gang l i one ctom i z e d  c a s t r at e s , a l l  were in accordance with  

results  r e corded  in Expei lment 2 ( Chip ter 4 ) . E f fe c t s  of  

. gang l i on e c t omy , and o f  its  inteiac t i on w i th c a s t r a t i on ,  on 
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t he p i tu i t ary and gonadal  r e s p on s e s  to  exogenous GnRH may 

h ave b e en ant ic ipated  if the p in e a l  influences the  

p i tui tary - te s t i cular axis  d i r e c t ly . How�vei,  only an 

e ffec t  of age  on  the t o t a l  LH output in the gang l ione c t o ­

m i z e d  cas t r a t e s , compared with th�  non - gang l i one ctom i z ed 

c a s t r a te s , sugg e s ted  that a d i r e c t  e ffect  on the p i tu i t ary 

may exi s t . E l l i s ( 1 9 7 6 )  has  revi ew�d evidence s howing that 

me l a t on in can inhib i t  t e s t icular  s t er o idogene s i s  and 

p i tui tary gonad o t rophin s ynthe s i s  by a l t e r ing enzyme 

act iv i ty at b o th the gonadal  and p i tuit ary l e ve l s , a s  we l l  

a s  a t  the hypo thal amus . Arg in ine vas o t o c in a l s o  app e a r s  t o  

influence en z yme act ivi t i e s  a t  the  gonadal and p i tu i t ary 

l eve l s , as we l l  as at the  hyp o tha l amus , but i t s  exact  

ac t ion on repr oduct ive funct i on  is  unc lear  ( E l l i s , 1 9 7 6 ; 

Vaughan e t  a l . , 1 9 7 6 ) . Howeve r ,  the phys i o l og i c a l  

s i gn i f i c ance o f  any d ir e c t  e ff e c t s  o f  p ine a l  s e c r e t o ry 

produc t s  on the p i  t_u i t ary and/ o r  gonad s compared  w i th an 

influence w i th i n  the b r a in , i s  unknown . Kamb e r i  e t  a l . , 

( 1 9 7 0 )  showed that the indo l e amines  s e rotonin and 

me laton i n , d i d  not a l t e r  LH r e l e a s e  in ma l e  rats  when 

infused  thr ough the  p i tu i tary p o r t a l  ves s e l s , but  they 

reduced LH l eve l s  s i gn i ficant l y , when inj e c t e d  into  the 

third ventr i c l e . Thus , the ind o l e am ine s app e ar t o  act  l ike 

neur o t r an sm i t t e r s  in influen c i n g  the synthe s i s  and / o r  the 

r e l e a s e  of GnRH in the hyp o tha l amu s , rather than 

influenc ing the s e cr e t i on o f  LH from the p i tu i t ary . 

G ang l i onec t omy mi ght a l s o  have been ant i c ip a t e d  t o  

have e f fe c t s  o n  respons e s  t o  GnRH i f  basa l t e s to s t e r one 

l eve l s  had b een affe c t ed by_  gang l i onec tomy ( s e e  Chap t e r  4 ) , 



r e s u l t ing in d i fferent l eve l s  o f  t e s t i c� l ar s t t r o i d  

fe edba c k  influenc ing p i tui t ary s ens i t iv i ty . However , a s  

ye t t h e  phy s i o l o g i c a l  s i gni f i c ance o f  a d irect  inf luence 

of the p ineal  g l and on the p i tu i t ary - t e s t icula�  a x i s  

rema ins  t o  b e  e s tab l i shed . 
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CHAPTER VI  

GENERAL D I SCUSS I ON AND C ONCLUS I ONS 

Pub e r ty is a phase in the deve l opment of an 

individual dur ing wh ich  it i s  t r an s fo rmed from a s ta t e  o f  

s exual immatur i ty and b e come s capab l e  o f  game t e  p roduc t i on . 

I nduc t ion o f  the pub e r t a l  proce s s  i s  in i t iated  by the 

b r a in , but c an b e  inf luence d  by a numb e r  of  gene t i c  and 

environmen t a l  factor s . The exp e r iments  des c r i b e d  in th i s  

the s i s  have a t t emp ted  to examine the  inf luence o f  the 

p inea l  g l and on pub e r t a l  deve l opment in ram l amb s ; th i s  

was a s s e s s e d  s ub s equent t o  p r e - pub e r t a l  denervat ion  o f  the 

g l and . 

1 .  Sexua l Ma turat ion in Rams 

Re su l t s  p r e s ented  in t h i s  t he s i s  and 1n  o ther s tu d i e s  

have shown t h a t  endocr ine charac t e r i s t i c s  o f  s exua l 

matur a t i on in  r am l amb s inc lude : 

( i )  P l a sma LH leve l s  are  e l evated  in the f i r s t  few 

months after  b ir t h  ( C r im and G e s chwind , 1 9 7 2� ;  Couro t , 

1 9 7 4 ; Cour ot  e t  a l . ,  1 9 7 5 ; C o t t a  e t  a l . ,  1 9 7 5 ; Lee  e t  a l . ,  

1 9 7 6a ; Wi l son  and Lapwood , 1 9 7 8 a ) . Unfor tuna t e ly , an 

FSH a s s ay was  not  ava i l ab l e  dur ing the pre s ent  s tudy , but 

Lee  et  a l . ( 1 9 7 6�) repo r t e d  that F SH leve l s  incre a s e d  

a l ong with  LH leve l s , ear ly  in  l i fe . S imi l ar incr·e a s e s  

i n  p i tu i t ary we i gh t s  and L H  and F S H  c onten t s  have b een 

obs e rved ( S k inner e t  a l . ,  1 9 6 8 ; C ouro t  et  a l . ,  1 9 7 5 )  w i th 

va lues  inc r e a s ing gradua l ly f r om b ir th to max ima l l eve l s  

with in the f i r s t  s ix months  o f  l i f e . 
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( i i )  LH r e l e a s e  i s  pul s at i le in b o th pub e r t a l  and 

p o s t -pub e r t a l  r ams and in we t h e r  l amb s . The s e  r e s u l t s  

were  cons i s t ent w i th o th e r  repor t s  o f  LH r e l e a s e  in  lamb s 

( Fo s te r , 1 9 7 4 ;  B indon and Turner ,  1 9 7 4 ; C arr and L and , 

1 9 7 5 ; F o s t e r  e t  a l . ,  1 9 7 8 ; Wi l s on and Lapwood , 1 9 7 8 a ) and 

we the r s  (Riggs  and Ma lven , 1 9 74 a ) . 

( i i i )  Negat ive feedback  r e gulat i on of  LH s ec r e t i on 

by the t e s t e s  i s  pre s ent shor t ly a f t e r  b irth ( Fo s t e r , 1 9 7 4) .  

An inh ib in- FSH fe edb ack sys t em p robab ly i s  n o t  e s t ab l i s h e d  

unt i l  ar ound 2 - 3 months o f  a g e  ( B l anc and Terqu i , 1 9 7 6 ) . 

( iv )  A gradual  incre a s e  in  p l asma tes t o s t e r one l eve l s  

occurs w i t h  advanc ing age , a s  has  b e en repor t e d  p r ev i ous ly 

( C r im arid G e s chwind , 1 9 7 2� ;  C our o t , 1 9 7 4 ; Courot et a l . ,  

1 9 7 5 ; C o t t a  e t  al . ,  1 9 7 5 ; L e e  e t  a l . ,  1 9 7 6�;  I l l ius  e t  a l . , 

1 9 7 6 a ; Wi l s on and Lapwood , 1 9 7 8�) . The r e  i s  a corre sponding 

incr e a s e  in  t e s t i cu l ar and r o g en content (Sk inner  et  a l . , 

1 9 6 8 ; Att a l  e t  a l . ,  1 9 7 2 ) . 

(v)  Exo genous GnRH induce s  LH r e l e as e , and th i s  in 

turn r e s u l ted  in e l evated t e s t o s t e r one leve l s , at b o th the 

pub e r t a l  and p o s t - pub e r t a l  a g e s . L e �  et a l . ( 1 9 7 6�) and 

Wi l s on and L apwo od ( 1 9 7 8�) r e p o r t e d  that the p i t u i t ary was 

mo s t  s en s i t ive to  synthe t i c  GnRH at  b e tween 6 and 8 weeks  

of  age  and sugges ted  that t h i s  may have been  an imp o r tant 

fac e t  of s exual maturat i on . 

C oncom i t ant w i th the s e  endocr ine chang e s  there  was an 

incre a s e  in t e s t i cular  and acce s s o ry g l and we i ghts , wh i l e 

the e s t ab l i s hment o f  sperma t o g en e s i s  o ccur s in  N . Z .  Romney 

rams by 2 2  weeks of age ( S t e ffert , 1 9 7 1 ;  Wi l s on and Lapwoo d , 

1 9 7 8c ) . 
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The above r e s u l t s  are comp a t i b l e  w i th the mod e l  o f  

s exua l  matur a t i on p r o p o s e d  by O de l l  an d Swerdl o ff ( 1 9 7 6 ) , 

b a s ed on r e s e ar c h  w i t h  s exua l ly matur ing  rats . Thi s  mode l  

p r op o s ed : 

1 .  G onads o f  n ewb orn and neona t a l  rats  are  p o o r l y  

re spons ive to  LH , but  r e spons ive t o  FSH . 

2 .  The hyp o th a l ami c - hypophy s e a l  un it  i s  act ive in  the  

n e ona t e . 

3 .  FSH indu c e s  deve l opment o f  t e s t i cu l ar LH r e c e p t o r s , 

p o s s ib ly in syne r g i sm w i th p r o l a c t i n  and/or growth hormone . 

4 .  FSH s e c re t i on , wh ich in i t i a l ly i s  high  and r e l a t iv e l y  

unr e s t rained , i s  gr adua l ly suppre s s e d  a s  gonada l 

re spons ivene s s  t o  LH incre as e s , and g onada l s t e r o i d  and 

p o s s ib ly inhib in s e cre t i on increas e s . 

5 .  Al though hyp o th a l ami c - hypophy s e a l  s ens i t iv i ty t o  

the feedback suppr e s s i on o f  L H  may d e c r e a s e  with  s exua l  

maturat i on ,  i t  p r o b ab ly i s  not  a n  imp o r t ant par t o f  

maturat i on .  

To date , t h i s  remains the  mo s t  a t tract ive mod e l  o f  

s exua l  maturat i on but i t  does  not  e luc idate the me chan i sm 

o r  mechani sms whi ch b e g in or  in i t i at e  the ons e t  o f  pub e r t y . 

I s  i t ,  a s  Leva s s eu r  ( 1 9 7 7 )  sugge s t e d , caus ed by  a dampening  

of  the cen t r a l  nervous sys t em inh i b i t i on o f  the  

hyp o tha l amic - p i tu i t ary - gonada l axi s ? Le s i ons  of  the  

hyp o th a l amus and  l imb i c  sys t em of  r a t s  advance the t ime o f  

pub er t a l  ons e t , s u gg e s t ing that the  prepub e r t a l  b r a in 

e x e r t s  an inhib i to ry influence on reproduct ive dev e l opment  

( C r i tch l ow and  B a r - Se l a , 1 9 6 7 ; D av i d s on , 1 9 7 4 ) . 

Reproduc t ive  d eve l opment i s  a s e quen t i a l  pro c e s s  
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which probab ly i s  contro l l e d  b y  a n  inhe rent mechan i sm 

w ithin the b r a in r emoving the reproduc t ive ax i s  from an 

inhib i t o ry inf luence characte r i s t ic o f  j uven i l i ty .  The 

t iming of th i s  event is mo s t  l ike ly  influenc ed by a fferent 

inputs to  the hypo tha l amus or  other brain areas  such a s  the 

l imb i c  s y s t em , from the ext e rna l and interna l env i ronment s .  

Th i s  idea  i s  sugg e s ted  by the fac t that temperatur e , 

s t re s s , photoper iod , a l t i tude , nutr i t i on and growth rate , 

var ious s o c i a l  and economic  fac t o r s  wh ich have b e e n  ma inly 

s tud ied  in human s , a s  we l l  as  hormonal  and pharmaco l og i c  

sub s tanc e s , a l l  can inf luence  pub e r t a l  ons e t  ( Donovan and 

van der  Wer f f  t en B o s ch , 1 9 6 5 ; C r i tch low and Bar - Se l a , 

1 9 6 7 ; T anner , 1 9 6 7 ; F r i s ch , 1 9 7 4 ) . 

2 .  Cran i a l  C e rv i cal  Gan g l i one c t omy 

The e f fe c t ivene s s  o f  c r an i a l  cerv i c a l  

gang l ione c t omy in  mod i fy ing p in e a l  func t i on has  b e en s hown 

by many inve s t i gators . I n  l ab o r atory an imal s  r emoval o f  

the gan g l i a  produces  the fo l l ow ing e ffect s : h i s t o l og i c a l  

chang e s  ind i cat ive o f  r e duced p r ot e in synthe s i s  and 

s e cr e t ory a c t ivi ty ( Romi j n ,  1 9 7 5 ;  Re i t e r  et a l . ,  1 9 7 6 ) ; 

abo l it i on o f  s i gn i fi c ant c ircad i an change s in n o r adren a l in 

content (Morgan et  a l . ,  1 9 7 6 ) , NAT act ivi ty ( K l e in � t a l . ,  

1 9 7 1 ) , and H I OMT act ivity (Wurtman et  a l . ,  1 9 6 4 ; E i chler  

and Moor e , 1 9 7 1 ;  G.ardina l i  et  a l . , 1 9 76Q) ; r e du c t i on in  

s i z e  of  the  pineal  parenchyma ! s er o t on in poo l  ( B e r t l e r  

e t  a l . ,  1 9 6 4 ) ; and a l t e r at i on s  i n  p ineal  s te r o id - r ecept o r  

content and ac t iv i ty ( s e e  r ev i ew by Cardina l i  a n d  Vacas , 

1 9 7 8 ) . But t l e  ( 1 9 7 7 )  r e p o r t e d  that gang l i one c t omy reduced 

the numb er  o f  ne rve f i b r e s  in  g o a t  p ine a l s , wh i l e in rams 
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Barr e l !  and L apwood  ( : 9 78b ) found s i gn i fi cant ly l ower H I OMT 
- . 

act iv i ty and h i gher  nuc l e ar ce l l  dens i t i e s  ( in d i c a t ive o f  

l e s s  a c t ive p ine a l s )  fo l l ow ing r emoval o f  the g ang l ia . 

C o l l e c t ive ly th e s e  r e s u l t s  ind i c a t e  tha t the change s  in 

endocr ine and r eproduc t ive funct i on wh ich  fo l l ow c r an i a l  

cerv i c a l  gang l i one c t omy p r obab ly c an b e  a t t r ibute d  t o  

mod i fi e d  p i n e a l  func t ion .  

Howeve r ,  the  p o s s ib i l i t y  that  denerva t i on a f fe c t s  the  

hyp o t h a l amo - hypophys e a l � gonada l  ax i s  independen t ly  o f  the  

pine a l  s hou l d  not  be  ove r l ooked . Sympathe t i c  neurons  

ar i s ing in the  cran i a l  cerv i c a l  g ang l i a  supp ly  the  hear t , 

eye , s a l ivary g l ands and the  b l o od ves s e l s  o f  the  head , as  

we l l  a s  the  p ineal , s o  it  may b e  p o s s ib l e t o  a t t r ibute  the  

e ff e c t s  o f  g ang l i one c t omy t o  fac to r s  such a s  a l t e r a t i ons  in  

cran i a l  b l ood  f l ow o r  op t i c func t i on . Edvinn s on e t  a l . 

( 1 9 7 1 )  r e p o r t e d  tha t  cran i a l  cerv i c a l  gang l ione c t omy 

markedly  changed the cereb r a l  b l ood  v o lume o f  mice  with  an 

incr e a s e  in the  f i r s t  few days after  the  op e r a t i on ,  and a 

s l i gh t  redu c t i on r e c orded a t  1 4  days  p o s t - op e r a t i on . 

S im i l ar ly ,  s ince b l inding and eye remova l influence p ineal  

fun c t i on ( Re i t e r  and He s t e r , 1 9 6 6 ; Moo r �  e t  a l . ,  1 9 6 7 ; 

R�nnek l e iv and McC ann , 1 9 7 5 )  i t  cou l d  b e  argued that  any 

e ffect  o f  g ang l i onectomy on opt i c  fun c t ion , p e rhap s 

a l t e r ing the  percep t i on o f  l i ght , may account for  any 

a l t e r e d  reproduct ive funct i on . However ,  cran i a l  c ervi c a l  

gang l i onec t omi z ed go a t s  showed no  changes  in  pup i l l ary 

d i ame t e r , i r i s  d i l a t ab i l i ty ,  or t one of n ic t i ta t ing mem ­

b r ane s , nor was there  any d e g r e e  o f  p t o s i s  c ompared  w i t h  

sham - ope r at e d  cont ro l s  ( But t l e , 1 9 7 7 ) . In  t h e  pre s en t  
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s tudy , n o  p t o s i s  was evident i n  gang l i onect� m i z � d  l amb s . 

As s t r e s s  i s  thought t o  influence the s ec r e t i on o f  

LH , t e s t o s t e r one and pro l act in ( Raud e t  al . ,  1 9 7 1 ; Dav i s ,  

1 9 7 2 ; S i ta r � � t a l . ,  1 9 7 7 ;  Wi l s on and L apwo o d , 1 9 78!) , 

it  i s  p o s s i b l e  that any e ff e c t s  o f  g ang l ionec t omy on 

hormone l ev e l s  may have b een due t o  a l t erat i on s  in  s t r e s s  

suscep t ib i l i ty o f  treated  anima l s . The r e s p o n s e  o f  the  

rat  p ine a l  t o  s t r e s s  is  t hought to  invo lve an inc r e a s e  in 

NAT and H I OMT act ivi t i e s  and me l a t on in synth e s i s  ( Lynch 

e t  a l . ,  1 9 7 5 ; Urry et a l . , 1 9 7 6 ) . Par f i t t  and K l e in 

( 1 9 7 6 )  found that sup e r i o r  c e rvi c a l  gang l i one c t omi z e d  r a t s  

re sponde d t o  s t r e s s  wi th a n  incre a s e  i n  p i n e a l  NAT act ivity 

wher e a s  intact  contr o l s  d i d  not . Th i s  may h ave b e en 

re l a t ed t o  the phenomenon o f  super s ens i t iv i t y  o f  the 

denervat e d  p ineal  to s t r e s s  and aut onomic drugs  (Axe l r od , 

1 9 7 4 , 1 9 7 5 ) . Super - ( and  s ub - )  s en s i t iv i ty i s  thought to  

b e  r e l a t e d  t o  the amount of  catecho l e amine t ransm i t t e r  

imp ing ing o n  the p ine a l j2 - r eceptors  (Axe l r od , 1 9 7 4 , 1 9 7 5 ) , 

but i t s  s i gn i f icance w i t h  r e s p e c t  t o  interp r e t ing the 

r e s u l t s  o f  p ineal  denervat i on expe r iments i n  unknown . 

Wh i l e  i t  mus t b e  empha s i z e d  that r e su l t s  o f  cran i a l  

c e rv i c a l  g ang l ione ctomy exp e r imen t s  shou l d  b e  interp r e ted  

w i th caut i on , Barre l l  and Lapwood ( 1 9 7 8� , £) found that  

. g ang l i on e c t omy and p in e a l e c t omy had s imi l ar e ffects  on s ome 

a s p e c t s  o f  reproduc t ive s e a s onal i ty  in rams . Thus  

. g an g l i onectomy apparent ly  is  an acceptab l e  way of  s tudy ing 

the  inf l uence of the p ine a l  on r eproduc t iv e  maturat i on in 

r am l amb s , part icu l a r l y  in  v i ew � f t e chn i c a l  d i ff icul t i e s  

a s s o c i a t e d  w i t h  comp l e t e  �emova l o f  the p in e a l  i n  young 
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sheep  ( J . M .  Forb e s , p e r s onal  c ommunica t i on ; B rown e t  a l . ,  

1 9 7 7 ) . Unfortunat e ly ,  me thods for  measur ing the func t i on 

o f  the p ine a l , for  examp l e  rad i o immun o a s s ays for  p l a sma and 

cerebro s p in a l  p in e a l  p roduc t s  such as me l atonin and 

argin ine va s o t o c in , are  s t i l l  b e ing deve l oped in t h i s  

l ab o r a t ory . 

F ina l l y ,  s ince  the p ine a l  may i n f l uence the thyr o id 

and the adr ena l g l ands  (De Fron z o  and Rot h , 1 9 7 2 ; Verme s 

� t a l . ,  1 9 7 4 ;  Vr i end e t  a l . ,  1 9 7 7 )  p o s s i b ly s ome o f  the 

e ffec t s  of gang l i on e c t omy or  p in e a l e c t omy are  med i a t e d  v i a  

o ther organs , a l though Me i j s - Ro e l o f s  and Mo l l  ( 1 9 7 8 )  

c onc luded that the  adrena l s  were not  e s s ent i a l  t o  s exua l 

matur at ion in r a t s . 

3 .  B o dywe i ght 

Dyrmunds s on ( 1 9 7 3 )  s t ated  " . . .  the  deve l opment of the 

r am l amb , as  r e f l e c t ed in growth and sub s equent b odywe i ght , 

i s  a b e t t e r  guide  t o  puberty  than chron o l og i c a l  age" . I n  
� 

Romney rams , t e s t i s  growth inc r e a s e d  s harp l y  from 7 0  days 

of age  when b odywe i ght exceeded 20  kg  ( Ste ffert , 1 9 7 1 ) . 

Thi s  change  in t e s t i s  �rowth i s  a s s oc i ated  with  the 

c ommencement of s p e rmatogene s i s and sub s equent ly the re  is  a 

c l o s e  re l a t i onship b e tween the  dev e l opment o f  

spermat ogene s i s  and t e s t i s  we i ght ( C ourot , 1 9 6 2 ) . The s e  

ob s e rvat i ons , a l on g  with the view that  the a t t a inment o f  

pub er ty i s  dependent o n  r e aching a c r i t ica l b odywe i ght , 

and thus a c e r t a in l eve l o f  b a s a l  me t ab o l i sm ( F r i s ch , 1 9 7 4 ) , 

emphas i z e  the need  t o  cons ider  g r owth · and bodywe i ght when 

int e rpr e t ing the r e s u l t s  o f  s tud i e s  of  pub e r t a l  deve l opment 

in an ima l s  wi th d i fferent  b odywe i ght s . I n  part i cu l a r , in  
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th i s  expe r iment both  group s o f  gang l i onectom i z ed anima l s  

. grew more  s l owly than d i d  the  n on - gang l i onectomi z e d  l amb s , 

s o  any inf luence o f  gang l i one c t omy on pub e r t a l  d ev e l opment 

may have b e en s e c ondary t o  e ff e c t s  on growth ra t e . Al s o , 

s ince sham - op e r a t e d  cont r o l  an ima l s  were  not  inc luded  1n 

thi s  s tudy , a non - spec i f i c  influence o f  the oper a t i on on 

. growth r a t e  c anno t  be  d i s c ount e d . 

4 .  Pr6l�ct in 

The reproduc t ive func t i ons of pro l ac t i n  1n  r ams have 

not been  fu l ly e luc idated . Autumn b orn l amb s show a 

d i s t inct  peak  in p l asma p r o l a c t in l eve l s  at 1 2  w e e k s  o f  

age , c o inc ident wi th t h e  ons e t  o f  t h e  rap id incre a s e  in 

t e s t icul ar we i ght and spermat ogenic  activity (Ravau l t  and 

Couro t ,  1 9 7 5 ) . Sub s equent l y  i t  has  been demons t r a t e d  that 

inhib i t ion  of pro l act in s e c r e t ion dur ing pub er t a l  deve l op ­

ment depre s s ed p la sma t e s t o s t e r on e  l eve l s  and a l s o  r e su l ted  

in  s igni fi c ant decre a s e s  in s em in a l  ve s i c l e  we i gh t s  and 

fruc t o s e  c oncen t r a t i ons ( Ravau l t  e t  a l . , 1 9 7 7�) . The s e  

r e su l t s  r a i s e  the po s s ib i l i ty that  1n rams pro l ac t in may 

syne rg i z e  w i th LH and
'
t e s t o s t e r one in r e gu l a t in g  t e s t i cu l ar 

s t ero idogene s i s  and the func t i ons  o f  s ome acce s s o ry 

reprodu c t ive s t ructure s . Re s e arch with  rats  and hams t e r s  

has s hown t h a t  p r o l a c t in doe s have such func t i on s , 

espec i a l ly dur ing reproduct ive deve l opment ( B a r t k e  e t  a l . ,  

1 9 7 8 ) . 

Spring - b o rn l amb s , such a s  used  in  the p r e s ent s tudy 

and in that  o f  Wi l s on and L apwood  ( 1 9 7 8 a )  show h i gh p l asma 

pro l a c t in l eve l s  dur ing the  f i r s t  few months  of l i fe ;  the 

l ong p h o t op e r i od s  re corded  at that t ime of the year  
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undoubt e d ly we re  the maj o r  r e a s ons for  t ho s e  h igh r a t e s  o f  

p r o l a c t i n  s e c r e t i on ( Pe l l e t ie r , 1 9 7 3 ;  Ravaul t ,  1 9 7 6 ; 

Barr e l l  and Lapwood , 1 9 7 8 a , £) . Thus , i t  i s  d i f f i cu l t  t o  

e lucidate  a func t ion o f  p r o l a c t in in reprodu c t ive 

deve l opmen t when ut i l i z in g  spr ing - b orn l amb s . Th i s  i s  

b e c au s e  the " p r o l a c t i n - s t i mu l at ory" pho t op e r i o d  t o  which  

the s e  an ima l s  are expo s ed p r ob ab ly exer t s  an over - r i d ing 

influence wh ich wou l d  at l e a s t  mask changes  a s s o c i ated  w i t h  

r eproduct ive deve l opmen t . In  order  t o  s tudy the influence 

o f  p r o l ac t in on reproduc t ive d eve l opment then , i t  would be 

n ec e s s ary t o  ut i l i z e  autumn - b o rn l amb s o r  inh ib i t  p r o l a c t i n  

s ec r e t i on a s  Ravaul t  and c o l l eague s have done ( Ravau l t  and 

C our o t , 1 9 7 5 ; Ravau l t , 1 9 7 6 ; Ravaul t  et al . ,  1 9 7 7� , �) , or 

t o  r e ar l amb s unde r  even o r  reve r s e d  art i f i c i a l  pho t o ­

p e r i o d s . Howeve r ,  a l t e r ing  photop e r iod  may a l s o  influence 

the  s e cr e t i on of o ther  r e product ive hormone s .  Exp e r imen t s  

w i th l amb s born out o f  s e a s on a l s o  mus t b e  interpreted  

care fu l ly , par t i cu l ar ly s ince fac t o r s  such as  nut r it i on and 

env i ronmen t a l  t emperatur e may influence pr o l act in s e cret ion 

and reproduct ive deve l opment . 

The e ffects  o f  c r an i a l  cerv i c a l  g ang l i onectomy in 

t h i s  s tudy , and of p ine a l e ctomy or gang l i one c t omy in tho s e  

o f  F o r b e s  ( 1 9 7 5 ) , Br own e t  a l . ( 1 9 7 7 )  and Barre l l  and 

L apwo o d  ( 1 9 7 8�, c , d ) , p r o v i de s tr ong evidence for the 

concept  that  the p inea l  g land is  invo lved i n  med i a t ing the  

e ff e c t s  of  pho t op e r i o d  on pro lact i n  s e c r e t ion  in r ams and 

wethe r s . In the p re s en t  s tudy , norma l s e a s onal p a t t e rns  

of  p r o l a c t in s ecr e t i on , w i th h i gh l eve l s  dur ing the  summer 

months and l ow dur ing w i n te r , wer e  d i s rup t e d  by 



g ang l i onectomy t o  the extent  that t r e a t e d  an im � l s  had 

l ower s umme r  l eve l s  and h i gher wint er  l ev e l s  than 

untreated  anima l s . I f  the p in e a l  s t imu l a t e s  r e l e a s e  o f  

p r o l ac t in inh ib i t ing fac tor  ( P I F ) , then in w inter  an 

ac t ive p ineal  wou l d  reduc e p r o l a c t i n  s e c r e t i on ,  wh i l s t  
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in  summer  a l e s s act ive p in e a l  wou ld  r e s u l t  in h i gher  

p r o lac t in leve l s . I f  t h i s  was the c a s e , gang l i on e c t omy 

would b e  exp e c t e d  to  e l evate  p r o lac t in c oncentrat i ons  by 

r emoving the p ineal  s t imu lus t o  P I F  s ec r e t i on . Thus  it  was  

surpr i s ing to  f ind that g ang l i onectomy d imin i s hed p r o l a c t in 

s ecret i on in s ummer  (Exper iment 2 ) , sug g e s t ing that the 

p inea l  s t imu l a t e d  p r o lact in r e l e a s e  a t  that t ime . Th i s  

would  occur i f  more  pro lact in s t imu l a t ing factor  ( PS F )  than 

P I F  r e gul ated p r o l ac t in s ecre t i on .  Fur ther exper iments , 

invo lving the e ff e c t s  o f  l i ght ing on intact  and 

p inea l ectom i z e d  or g ang l i one c t omi z ed r ams , are r equ ired  

for  e lucidat i on of  the me chan i s m  by wh ich  photoper iod  and / o r  

t h e  p ineal  modu l a t e s  P I F  and / o r  PSF  r e l e as e . 

5 .  The P ineal  and Pub e r ty 

The pre s ent  s t udy has shown that  the p inea l g l and i s  

invo l ve d  in r egu l at ing p r o l ac t in , and p o s s i b ly a l s o  LH and 

t e s t o s t er one , s ec r e t i on dur ing the c our se o f  pub e r t a l  

d eve l opment i n  r ams . Although a r o l e  o f  p r o l a c t i n  in 

r epro duc t i ve maturat i on rema ins  to be firmly  e s t ab l i shed , 

i t  i s  fe a s ib l e  t o  sugge s t  that  the p ineal  g l and i s  capab l e  

o f  influenc ing pub er ty . 

I f  i t  i s  a s sumed that the p ineal  a l t e r s  the t iming o f  

tbe ons e t  o f  pub e r ty , s ince p ine a l e c t omy i n  r a t s  advance s  

the age  o f  pub e r ty b y  up t o  1 0  days  ( K inc l and B enag i ano , 



1 9 6 7 ; Re l k in , 1 9 70 a , b , 1 9 7 1 ) , then a mor e  thorouah  - - . c 

examina t i on o f  the a g e  o f  pub er t a l  ons e t  in the r am ( a s  

j udged  by such p ar ame t e r s  a s  t e s t i s  h i s t o logy , 
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s pe rma t o z o a l  product ion , and acce s s ory g l and func t i on)  mus t  

b e  und e r t aken . Such an inve s t igat i on should  invo lve s e r i a l  

c a s t r a t i on s  o f  norma l and gang l i onectomi z ed o r  

p ine a l e ct om i z e d  ram l amb s . E xper iment s  shou l d  a l s o  inc lude 

s h am - operated  c ontro l s , r a ther than non - op e r a t ed contro l s  

such a s  were used  in the p r e s ent s tudy . 

I d e a l ly , the l amb s in the s e  exper imen t s  should have 

b een g ang l i one c t omi z e d  at b irth  or even in u t e r o  s ince 

e ndocr ine ma tur at i on a l  chang e s  r e l at e d  t o  pub erty could  

have b e en init iated  in the  e a r ly p o s t - na t a l  p er i od . For  

examp l e  Wi l s on and Lapwood  ( 1 9 7 8�) reported  that  p l asma LH  

l eve l s  rose  to  a peak  a t  6 weeks  of  age  in Romney ram 

l amb s and a s im i l ar inc r e a s e  in Me r ino/Cor r i e d a l e  l amb s a t  

5 wee k s  wa s reported  by L e e  e t  a l . ( 1 9  7 6�) . 

S ince  Ode l l  and Swe r d l o f f  ( 1 9 7 6 )  s ug g e s ted  that 

p ub e r ty is init iated  by an FSH - i nduc ed inc r e a s e  in the 

numb e r  of t e s t icular LH r e cepto rs , and FSH l eve l s  inc r e a s e  

r ap i d ly from b i r th t o  a p e a k  at  5 weeks i n  t h e  r am ( L e e  

e t  a l . ,  1 9 7 6�) , i t  wou l d  b e  ne c e s s a ry t o  mea sure p l asma 

FSH b e fo r e  any d e f i n i t ive  s t atement s re garding  the func t i on 

o f  the  p ine a l  on the  ons e t  o f  pub erty  c an b e  mad e . The 

non - ava i l ab i l i ty of an FSH a s s ay in  t h i s  l ab oratory has  

a l r ea dy b e en men t i one d . 

L incoln  ( 1 9 7 1 ) d e s c r ibed  the  exagg e r a t ed 

repro duc t ive s e a s ona l i ty  in red  d e e r  s t ags  a s  b e ing s im i l a r  

t o  a year ly pub er ty ; t h i s  type o f  ob s erva t i on emphas i z e s  
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the impor t ance o f  con s ider ing s e a s ona l i ty and pub e rty 

toge ther  when working with s ea s onal  b r e eders . I ndeed , in 

an ima l s  b o rn dur ing the  norma l s e as on of birth�  s e as on a l  

influences  may provide the  impe tus f o r  r eprodu c t ive 

deve l opment . Seve r a l  s tud i e s  have reported an influence 

of s e a s on of b ir th on the  age and b odywe ight a t  wh ich  

pub e r ty , and in  turn s exua l  matur i ty ,  is  a t t a i ne d , even in 
/ 

sheep  (Or tavant e t  a l . ,  1 9 6 4 ; Dyrmund s s on and L e e s , 1 9 7 2!,  

� , c ;  Land 1 9 7 8 ) . A l though there  are b r e e d  d i ffe rences  in 

the degree  to which  pub e r t a l  deve l opment i s  influenced by 

s e a s on , gene r a l ly l amb s b orn l at e r  in the spr ing l amb ing 

s e a s on r e ach pub er ty , and in  turn s exua l  matur i ty ,  at  a 

young er  age and l i ghter  b o dywe i ght . For  examp l e , a s  t ime 

of b ir t h  advanced front Mar c h  to May ( in the northern 

hem i sphere ) ,  t e s t i s  d i ame t e r  mea sured at 24  we eks  of  age  

incre a s e d  in F inn i s h  Landrace  ( F inn) r ams but  decr e a s ed in 

Mer in o / F inn crossbreds  ( L and , 1 9 7 8 ) . Land ( 1 9 7 8 ) s t ated  

that  "as  the t ime o f  b ir t h  changes  from spr ing  t o  autumn , 

pub erty  wou l d  b e  exp e c t e d  t o  ac c e l erate , and then sudden ly  

r e cede  as  b i rth b e come s t o o  l at e  t o  a l l ow s exual  

maturat ion w i thin the  ' fi r s t ' b r e e d ing s e a s on . "  L in c o ln 

and MacK innon ( 1 9 7 6 )  repo r t ed that t h i s  is  exa c t l y  what  

occurs  in the  ma l e  hare  and  apparen t l y  is  re l a ted to  the 

s ea s on a l  phot oper iod , the e ffect s of which p o s s ib ly are 

med ia t e d  by the p in e a l  ( L inco ln , 1 9 7 6£) . Al s o , Hoffmann 

( 1 9 7 8 )  reported  that r a i s ing hams t e r s  exp o s ed t o  short  

pho t op er i o d s  ( 8L  : 1 6D )  d e l ayed  pube r ty for  ab out 5 months 

c ompared  w i t h  an ima l s  exp o s ed to  l on g  dai l y  photop e r i od s  

( 1 6 L  : 8 D ) . 
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I n  adu l t  r ams the p in e a l  i s  invo lved i n  med i at ing the 

effects  of photoper iod  on r ep roduc t i on (Barre l !  and 

Lapwood , 1 9 7 8b , £ , � , �) s o  an i n fluence on pub e r t a l  d eve l op ­

ment  can r e a s onab ly b e  ant i c ip a t e d . I t  i s  env i s ag e d  that 

the more imp o r t ant r o l e  of  the  p in e a l  is  t o  ent r a i n  

reproduct ive deve lopment wi th s ea s ons  rather than t o  

in i t i a t e  the  ons e t  o f  p ub er ty . Puture s tud i e s  wi l l  have 

to be carr i e d  out on the influence  of the p ine a l  on 

deve l opment i n  spr ing and autumn b o rn l amb s and on tho s e  

exp o s e d  to  n o rma l , even or  r e ve r s ed l i ghting cyc l e s  and 

p o s s ib ly  t o  c ons tant l i ght and d arkne s s . 

6 .  Pos s ib l e  Appl i cat i ons  o f  the  P re s ent Study 

An und e r s t and ing o f  the b a s i c  phy s i o l o g i c a l  proce s s e s  

o f  r eproduct ive deve l opment i s  a nece s s ary pre lude t o  the 

man ipu l a t i on of pub e r t a l  proce s s e s  in  med i c a l  and an ima l 

s c i ence s . F o r  examp le , the t r e a tment o f  preco c i ou s  and 

de layed pube r ty , wh i ch has  b e en we l l  documented  in humans 

( K i tay , 1 9 5 4 ; Wur tman , 1 9 6 8 ) , may fo l l ow the ident if icat i on 

and synthe s i s  o f  the d e f i n i t ive  p in e a l  princip l e s  o r  i t s /  

the ir ana l o gu e s .  Th i s  may a l s o  l e ad to  the treatment o f  

other rep r oduct ive d i s orders  and p o t ent ial ly the mos t  

u s e ful  app l i c at i on , the  deve l opment o f  a contracept ive 

agent for  u s e  in  human s . 

Further  r e s earch o f  the  type d e s c r ib e d  in t h i s  the s i s  

may prov i de the  bas i s  o f  advan c ing the age o f  pub e r t a l  

ons e t  and s exua l matur i ty . Advanc ing breed ing age  wou ld  

permit  more  r ap id gene t i c turnover , part icularly  i n  s l owly 

matur ing b r e eds such as the Me r ino ( Land , 1 9 7 8 )  and wou ld 

be  o f  p r ac t i ca l  bene f i t  to anima l b r e e d ing and s e l e c t ion  



programme s .  R 8 m  l amb 3 have a l r e ady b e en suc ce s s fu l ly 
. / 

ut i l i z ed a s  s 1 r e s  (Dyrmu�d s s on , 1 9 7 3 ) . Howeve r ,  the  
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po s s ib le methods for man ipu l a t in g  reproduct ive deve l opmen t , 

such as  p in e a l  denervat i on o r  remova l ,  admin i s t r at i on o f  

princ ip l e s  o r  sub s t anc e s  wh ich  interfere  w i t h  the i r  

synthe s i s , s ec r e t i on o r  ac t i ons , r e gu l at ion o f  nut r i t i on 

or  gr8wth , and the ut i l i z at i on o f  appr op r i a t e  pho t op e r i o d s  

prob�b ly are  impr act iab l e o n  a c omme r c i a l  s ca l e  w i t h i n  the 

New Z e a l and sheep indus t ry , a l though they may b e  u s e fu l  on 

a sma l l e r  s c a l e  in nuc l ear s tud f l o cks  and in other  

dome s t i c  anima l s . The degree  t o  wh ich  pub er ty may be  

hastened p rob ab ly i s  l im i t e d  gene t i ca l ly and i t  wi l l  b e  

nec e s s ary a l s o  t o  de termine whe ther man ipu l a t i on o f  

reproduct ive deve lopment i s  d e t r imen t a l  or bene f i c i a l  t o  

fur ther s omat i c  growth and repr oduc t ive performanc e .  
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