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Two studies were c onduc ted  to obtain fundamental data on 

the pro c ess of puberty in Large White x Landrac e boars . The first 

was a longitudinal study designed to  evalua t e  the c ours e  o f  gonadal 

and epididymal development and the c onc urrent endocrine c hanges 

during the period o f  sexual maturation . 

Twenty-four animals were c astrated  sequentially at ages 

ranging from 43 to 241 days . Increases in t est icular weight were  

more  highly c orrela t e d  wit h  body weight (r= 0 . 953 , P < 0 . 001 ) 

and age (r= 0 . 91 9 ,  P < 0 . 001 ) than were similar increases in 

epididymal weight (r=  0 . 558 and 0 . 593 , P < 0 . 0 1 , respectiv ely ) . 

The age at onset o f  spermatogenesis var ied between boar s in the 

range 90 to 1 27 days . First  observa t ions o f  spermatozoa in 

sem�niferous and epididymal-tubules were made at  1 27 and 1 46 days 

of age , respectively . 

Longitudinal profiles o f  LH and testos t erone secretion 

w er e  inv est igated  by assaying plasma sample s  collect ed at for t ­

nightly int ervals from eac h  of  t e n  boars aged 4! to  23� days . 

Unt il 82 days o f  age mean LH levels were low ( 0 . 20 - 1 . 25 ng/ml ) ,  

then rose t o  a peak o f  2 . 1 9  ng/ml at 110  days . Lat er LH l ev els 

dec lined gradually and after 1 66 days fluc tuated  between 0 . 5  and 



1 . 0 ng/ml . Mean _ t estost erone levels also were low in t he prepu­

b er tal period (0 . 1 0 - 0 . 27 ng/ml ) ,  t hen between  1 1 0 and 1 38 days 

increased  from 0 . 60 to  8 . 00 ng/ml . Subsequ ent ly t estost erone 

conc entrations f ell slowly , then exc ept for an isola t ed peak of 

7 . 73 ng/ml at 1 94 days , fluctuated  between 1 . 40 and 3 . 80 ng/ml . 

These r e sult s  indicat e d  that the major changes  in LH and t e sto ­

st erone secret ion during puber ty in boar s were  similar t o  those 

which have been r eport e d  to  occur in males o f  ot her specie s .  

iii 

Two short t erm studies o f  LH and t e st osterone secretory 

profiles were carried out to  evalua t e  t he effec t s  of stage o f  

sexual maturity on the  patt erns o f  secretion of these hormones . 

Four pub ertal and t hr e e  post-pubertal boars were subje c t e d  t o  

plasma sampling every twenty minutes  f o r  24 hour s .  During pubert y , 

plasma profiles  o f  LH varied in a manner indicative  o f  a highly 

pulsatil e  mode  of secretion . Likewise , large fluctuat ions in 

plasma t estost erone levels were noted  at this age but they were 

not as  frequent as tho s e  of  LH . In c ontrast , plasma LH and t e s t o­

st erone profiles o f  post -pub ertal boars showed fewer and smaller 

fluc tuations in  hormone c onc entrationsi The  r espec t iv e  overall 

mean levels of LH and t estost erone were 0 . 8 2  and 1 . 04 ng/ml in 

pub ertal boar s ,  and 0 . 39 and 0 . 8 1 ng/ml in post -pubertal boars . 

These  values were consistent with t hose obtained in t he longitu­

dinal study and c onfirmed the great er output of both hormones  

dur ing puberty and their decline t hereaft er . At  both pubertal 

and post-pubertal age s ,  associat ions between LH and t estost erone 

pulses wer e  not always consistent , nor was there any evidenc e of  

diurnal variat ions in plasma hormone c onc entrations . 

The results r eported  in this thesis indica t e d  that  pub erty 

in boars o cc urr ed  b etween the ages o f  90 and 1 46 days , at which 
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ages , mean body weight s were  35 . 3  and 58 . 6  kg , r e spec t ively . 

T his period was c harac t erized by a rapid growth o f  the t estes  

and epididymides and was  a c c ompanied by  concurr ent elevat ions o f  

plasma LH a n d  t e st ost erone conc entrations . The l e s s  pulsa t ile 

nature o f  LH and t e stost erone sec r e t ion recorded from the pos t ­

pub ertal boars probably r e fle c t e d t h e  mat urat ion ( increased sensi­

t ivity )  of hypothalamic negativ e  feedback mec hanisms whic h nor­

mally regula t e  hormone secretion . The exist enc e of  suc h a mec ha­

nism was c on firmed by  an elevat ion of  plasma LH  l evels following 

castrat ion of 5 boars at 2 1 5  days of age . 
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C HAPI'ER I 
' ' 

INTRODUCTION 

A. PHYS IOLOGY OF PUBERTY IN MALES 

1 .  General C onsiderat ions 

The t erm "pub erty" is  derived from the Lat in wor d  pub es  

which r eferred to  the first appearanc e of pubic hair , a spec ific 

c haract er istic of  t he proc ess  in humans (Tanner , 1 96 2 ) .  T oday , 

puberty is t aken t o  r e fer t o  t hat phase o f  bodily development 

l eading to t he attainment o f  t he abilit y to reproduc e .  In t he 

1 

mal e, it has been related t o  the  development o f  the  spermat ogenic 

and andr ogenic funct ions of the t e st is . Oft en ,  pub erty has been  

e quat ed t o  sexual maturity but  some aut hors draw distinc t ion 

between the  two t erms (Asdell , 1 964 ; Emmens , 1 96 9 ; C ourot , 1 970 ) . 

�-t hough spermat ogenesis is established and sexual behaviour 

manifest ed  duri�g puberty , a full c ellular yield of t he spermato-

genic proc ess is not achieved for a considerable t ime a fter  puber t y ,  

unt il t h e  at tainment o f  s exual matur ity . 

Pubert y  in mal e  animals is not charact erized by suc h ob-

vious manifestations as t he o c curr enc e o f  the first behav ioural 

estrus in f emal es , whic h makes t he assessment o f  the proc ess  in 

males  l e ss prec ise . Moreover , different aut hors hav e utilized 

different  crit eria , . t hus c o nsiderabl e variat ions in t he age of  

at tainment of  puberty hav e been reported  for mos t  spec ies . 

Asdell ( 1 96 4 )  and C ourot ( 1 970)  ident ified the c ompl et ion of  

pubert y  with  the first appearance  of  sperma t o z oa in  the t e stes . 

Donovan and van der Wer f f  t en Bosch ( 1 965 ) , Skinner .and Rowson 

( 1 968 ) ,  and Linc oln ( 1 97 1 )  r elated  the attainment of  puberty wit h 
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the establishment o f  the androgenic and spermatogenic func t ions o f  

t h e  t e stes . The development o f  l ibido o r  t est ing the ability to  

mat e  also  have _ been utilized as crit eria o f  puberty in boars 

(Wiggins et  al . ,  1 95 1 ) .  Likewise , paramet ers such as rat es  o f  bo­

dily and  t est icular growth ,  and  c hronologic age hav e been c onsidered  

in  the assessment of  pubertal onset (Donovan and van  der  Wer f f  t en 

Bosc h ,  1 965 ; Ramirez , 1 973 ) . 

2 .  Physiological Change s  Assoc iated  with  Puberty 

a .  Test icular D evelopment 

In mos t  species , t est icular growth between post -natal life 

and a dulthood follows a sigmoid curve , being slow and fairly 

constant neonatally , accelerat ing during puber t y ,  then slowing and 

plat eauing again when sexual maturity is reached . This pat t ern 

of t est icular growth has been  observ ed in human s ( Scammon , 1 93 1 ) ,  

rams ( Skinner and Rowson , 1 968 ) , bulls (Abdel-Raouf ,  1 960 ) , horses  

(Nishikawa and  Hor e i ,  1 955 ) , and  boars (Niwa and Mizuho , 1 954 ; Eg­

bunike and St einbach ,  1 972 ) . Growth in t e st ic ular mass is c onsider­

ed  to be  due mainly to  incr eases in the diame t er and length of 

the seminiferous tubules , coincident wit h the establishment of 

spermatogenesis and Leydig c ell func tion . 

Histologically , the post -natal development o f  mammalian 

t es t e s  follows a fairly definit e patt ern (Alber t , 1 96 1 ) .  During 

t h e  neonatal period , the seminiferous tubules are solid , c ord-like 

structur es ,  in whic h only two types of c ells are dist inguishabl e . 

These are the numerous support ing c ells , whic h fo rm a pallisade­

like layer al ong the basement membrane and a smaller number of  

gonocytes which are  locat ed  more  c entrally wit hin the tubul es . 

The support ing c ells are c onsidere d  to  b e  the pre cursors of  the 

Sertoli cell s ,  and the gonocyt es t he spermat ogenic primordia 
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(Clermont and _ Perey , ... 1 957; C ourot , 1 96 2  !!_). Both types o f  c ells 

divide by  mit osis but do not diff erentiat e unt il the onset o f  

puberty . A s  puberty commenc es , t he_s eminiferous t ubul es  undergo 

rapid growt h in diameter an d l en gt h ,  t he c enter of t ubules  be comes 

vacuolat e d  and lat er lumina appear . At the same t ime , supporting 

c ells start to assume Sert oli c ell morphology ( with  irregularl y 

shaped nuclei , dust-like nucl ear c hromatin , and two or more 

nucleoli ) ,  spermatogonia appear and undergo mit oses . The c ells 

originat ing from t he last spermat ogonial division are the primary 

sperma t o c yt e s  which in turn undergo meiotic div isi ons to form 

secondary spermat ocyt es . These c ells div ide to form spermat i ds 

which finally metamorpho se  int o spermatozoa (Cl ermont and Perey , 

1 957 ; C ourot, 1 96 2  !!_j Ortavant , 1 96 9 ) . Onc e  establishe d ,  the 

spermat ogenic c yc l e  c ontinues wit h  an increasing spermatogenic 

yield unt il sexual matur ity is attained (Rowson , 1 96 9 ) . 

Wit h respect t o  the  development of  test icular androgenic 

funct ion , it is acc epted t hat androgen produc t io n  occ urs primar ily 

in t he interst it ial c ells of Leydig (Hall , 1 970 ) . The genesis 

o f  t he s e  c ells has been described in humans ( Sniff en , 1 950 ; Vilar 

et al . ,  1 970 ) and rats ( Roosen-Runge and Anderson , 1 95 9 ;  Nieme 

and Ikonen , 1 963 ) . Two generat ions of Leydig c ells were not e d :  

a foetal generat ion which is ac t ive  dur ing foetal life  but 

which r egr esses post-nataliy ,  and a sec ond generat ion  whose ap­

p earan c e  c o incides wit h pub erty . Both generations o f  Leydig c ells  

originate from fibroblasts whose differenti�tion inv olves pro ­

gressiv e  changes in siz� and shape of  c ells , modificat ion in 

t he ir histochemical_react ions , loss o f _ basophil ia , �ncrea sed 

a c tivity of oxidative enzymes (lipase_s , est erases  and hydroxy­

s t eroid dehydrogenase s )  and t he appearanc e o f  l ipids (Vilar , 1 970 ) . 



b .  Development of Ot her Organs of Reproduc t ion 

( 1 )  The Epididymides 

4 

Studies in bulls (Abdel-Raouf , 1 960 ) , rams (Wat son et  al . ,  

1 956 ) , boars (Niwa and Mizuho , 1 954 ) and stallions ( Hor e i  and 

Nishikawa , 1 955 ) have demonstra t e d  that epididymides increase  in 

weight during pub erty in parallel with the increa s e  in test ic ular 

weight . Epididymal tubule and epididymal tubule lumen diameters 

in turn increase  in parallel with the growt h in epididymal weight . 

Aft er production of  spermato zoa commenc es , inc reasing numbers o f  

spermatozoa may b e  not ed in epididymal sect ions . 

The hist ological development of  epididymides during s exual 

maturat ion follows  a similar pat t ern in most species  (Asdell,1 96 4 ) .  

As the epididymal tubul e diamet er increases , differentia t ion o f  

t h e  epithelium from s impl e  c olumnar to  a pseudostrat ified type , 

as well as inc r eases in epit helial height occur simultaneously . 

Also part o f  the differentia t ion o f  the epithelial  c e lls is t he 

a c quisit ion o f  st ereocilia on their luminal border s . 

( 2 )  The Acc essory Sex Glands 

The ac c e ssory sex glands comprise the seminal vesic l e s , 

bulbo-urethrals and prostat e glands . The growth o f  t hese  organs 

was found to b e  mor e  highly c orrelat ed with testic ular we ight t han 

with body weight (Asdell11 96 4 ) . Hooker ( 1 942 )  r epor ted  that t he 

seminal vesic les of  rat s exhibit ed  greatly inc r eased  r esponsiveness 

t o  androgens at  puberty . In rams , fruc t ose and c itric acid 

con t ent s of the seminal vesicles , whic h are highly c orr elated  

with  t est icular androgen c ont ent , increase markedly during puberty 

(Mann , 1 964 ; Skinner and Rowson , 1 968 ) . 

( 3 )  The Ext ernal Genitalia 

Both the penis and scrotum exhibit rapid growth dur ing 
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pub erty and penile adhesions become detached allowing the  penis 

to move freely wit hin the pr epuc e .  This separat ion process.b etween 

t he glans penis and the penile prepuc e has been described  in some 

sp ec ies and o c�ur s under the  influenc e of increased t estost erone 

secretion dur ing puberty (Watson et  al . ,  1 956 ; Abdel-Raouf , 1 960 ; 

Skinner and R9wson , 1 968 ) . 

c .  Development of S e c ondary Sex Charac t ers 

Growth  and dev elopment of the secondary sex c haracters  

ar e very obv ious changes which t ake pla c e  during pubert y  in  most 

sp ecies . These generally involve c hanges in the skin and o t her 

struc tures , i . e .  growth of the mane  of  t he lion , antler s of the 

s tag , plumage and head pieces  of the rooster , and a c t iva t ion of 

pheromonal glands in boars and goats ( Donovan and van der Wer f f  

t en Bosc h ,  1 96 5 ) . Diff erent ial development of  general body struc­

ture  b etween male and female animals also is c harac t eristic  of 

puber t y .  For instanc e ,  the mature body weight of bulls frequently 

is twic e that of c ows of  t he same br e e d ,  because of  t he mor e massive 

develo�ment of the skeleton and musc ulature  in t he males  (McDonald ,  
· I 

1 97 1 ) .  

Signs o f  sexual behaviour invo lving attempt s  t o  mount 

c ompanion animals and t he ability to detect  estrous femal es  are 

c haract eristic indicat ions of  l ib ido in males . However , mount ing 

behaviour c annot always be considered  as indica t ive  of the  emer ­

genc e o f  pub erty since  it c an b e  observed in very �oung lamb s ,  

pigs , calves , _and kids (Cheng e t  al . ,  1 96 4 ; Fraser , 1 968 ) . 

d. Hormonal Change s Assoc iat ed with Pubertal Levelopment 

( 1 ) Gonadotrophins 

The patt ern of gonadotrophin secretion dur ing sexual matu­

rat ion has been described for t he mal es  o f  several species . Levels 
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of FSII and LII rice towardc puberty in human s (Yen et ul . ,  1 969) , 

ramu (Courot et o.l . ,  1 975; Lee et  al. , 1 976 �), and rats ( Payne 

et al . ,  1 977 ) , but there are c onsiderable var iations in the l ongi­

tudinal hormone secretion pro file s  between specie s . An interesting 

phenomenon in human adole scents iR the oc currenc e of sl eep-re lated 

Gpur ts of LH secre tion , an event c onsidered to be one o f  the 

biological indices of  pub erty in humans ( Boyar et al . ,  1 972 ) . 

Some worker s  hav e suggested  that a shift in the  FSH/LH 

ratio also t akes plac e during pub erty in males. In rat s  FSH l evels 

were reported to  decline following t he onset of  spermo.t o genesis 

while LH l ev el s  c ontinued to rise to adult l evels ( Payne et p.l . ,  

1 977 ) . A similar decline in plaRma FSH l evels was report ed in 

developing rams following the first appearance o f  spermat ids 

(Lee et al. , 1 976 �). 
( 2 )  Gonadal St eroids 

Most o f  the ·phenotypic c hange s c harac t er istic of puberty 

in mammals  ar e pro duc ed by st eroids secret ed by the t e st e s ,  

although Tann er ( 1 96 2 )  observed  t ha t  in human males  adrenal st eroids 

could also fun c t ion in t he indu c tion of morphological c hanges . 

Several crit eria have b e e n  used for measuring the go nadal 

hormone secretion of the  test e s , including the effect s  of androgens 

on responsive tissues , androgen l evels in peripheral blood and in 

t e st icular extract s ,  the pr esenc e of enzymes for steroid synthesis , 

and the  hist o logical struc ture o f  the int er slitill cells bf Lejdig . 

Data accumula ted from suc h  res earc h ,  based mostly on data from 

humans and r oden t s  ( Hall , 1 970 ; Ho oker , 1 970 ) , has revealed a di­

phasic patt ern of testicular androgen secretion . This pro fil e is 

c haract erized by rising l evels in early pr egnancy ,  fal ling t owards 

• 
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birt h ,  r emaining low during neonatal and prepub er tal life , then 

at  puberty l evels rise again unt il adult values are r eache d .  

Levels o f  t e stost erone in bulls ( Secchiar i e t  al . , 1 976 ) ,  rams 

(Cot t a  et al . ,  1 975 ; Lee  et al . ,  1 976 �; W ilson , 1 977 ) , and boars 

(Carlson et  al . ,  1 97 1 ; Gray et  al . ,  1 97 1 ; Elsa esser et al . ,  1 976 �) 

also have b e en reported  to  incr ease  dur ing pubert y .  These increases 

in androgen levels were found to  be c orrelated  significant ly wit h 

t e st icular w e ight , as well as with  the  c onc ent rat ions of  fructose  

and c it r ic a c id in  seminal vesicles o f  rams ( Skinner and Rowson , 

1 968 ) . 

Qual itat ive changes in androgen secret ion during the ma­

turat ion pro c ess have been sh own t o  occur in some spe c ies . Changes 

in t he rat io of the two maj or androgens , t estost eron e and andr o ­

st enedione wer e demonstrat ed i n  bulls ( Lindner and Mann , 1 960 ) . 

These authors found t hat androst enedione predominates  over 

t e stost erone prepuber tally , but as puberty pr oc e eds , t est o s t erone 

increases  so t hat it becomes the  pr edominant androgen at  9 months 

of age . In c alves younger t han 4 months of age , in j ec t ion of 

Human Chorionic Gonadotrophin ( HCG ) did not pr omot e  the c onversion 

of androst en edione to  testost erone , but mer ely an increase  in 

sperma t ic venous plasma androst enedione conc entrations ( Lindner 

and Mann , 1 960 ) . Thus it appears that the increased capac ity 

of  Leydig c ells to  convert androst enedione t o  t est ost erone deve­

l ops only during puberty , presumably as a result o f  inc reased 

t est icular 1 7  � -hydroxy st ero id dehydrogenase ac t ivity . 

( 3 )  Other Hormones  

( a )  Adrenal Sex St eroids 

In humans , some of the changes observe d  during puberty , 

part ic ularly t he growth o f  axillary and pubic hairs , are attribut e d  
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to  inc reased product ior. of  androgens by the adr enal c or t ex ( Tanner , 

1 962 ) . Clinical studies hav e sh own that men wit h t e st icular 

hypo func t ion , or women w it h  ovarian agenesis , gr ow pubic and axil-

lary hair a t  about the usual age of  puberty (Donovan and van der 

Werf f  ten  Bosc h, 1 96 5 ) .  Significant elevat ions in levels of  

dehydroepiandrost erone , androst enedione, and  progest erone were  

reported  to  occur during the second half  of  puberty in boys ( Le e  
. 

and Midgeon , 1 975 ) . Ev idenc e derived from gonadectomy and adr e -

nal e c t omy experiments indicat ed that b o t h  t he t estes  and adr enal 

cort ex  synthesize  androgenic pr ecursors in increased amounts 

dur ing pub erty , indicat ing a simultaneous onset of  a drenarc he 

(Parkes , 1 945 ) . 

( b )  
i 
Prolac t in 

In mal e  rat s ,  prolac t in exerts a synergist ic effect  with 

LH in promot ing t e stost erone synthesis (Bartke , 1 973 ) . The c on-

c entrat ions of  prolac t in in pla sma of  male· rats were  found t o  

incr ease during pub erty  (Negro-Vilar , 1 973 �; Dohler and Wut t ke , 

1 974 ) ,  whil e in lambs , a rapid increase in prolactin secret ion 

oc curred  simultaneously with the  beginning of the rapid inc rease 

in t e st ic ular we ight and sperma togenic ac t ivity ( Ravault and 

Courot , 1 975 ) . 

( c ) Growth Hormone (GH )  

Short t erm studies o f  G H  secretion in humans indicat ed  

t ha t  GH is secreted  episodically and that the t otal amount of  

GH secreted  and  · t he t iming . o f  secretory episodes c hange with age 

(Finkelst ein et  al . ,  1 972 ) . These investigat ors found that 

prepubertal boys secreted  GH mainly during sleep , while adoles-

c ent s secreted  GH both during sleep and waking per iods and had 

total secret ory rat es gr eat er t han pr epubertal boys . As adulthood  
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is reached the  pat t er n  o f  GH secr�t ipn �everts t o  the prepubertal 

pat tern . 

3 .  Neuro endocrine Regulation of Puberty in Males  

a. General 

Detailed studies of  the struc tural relat ionships between  

the  c entral n ervous syst em (CNS ) and t he ant erior pituitary , 

t o gether with t he development of  sensit ive and spec ific radioim­

munoassay t e c hniques for pituitary , st eroid , and re leasing hormones , 

all have contribut ed to a dramatic incr ease in the  current under ­

standing o f  t h e  func t ional relationships b e twe en the hypot halamus , 

pituitary, and gonads in the  con trol of mammalian reproduction. 

Al though most o f  t he experimental ev ide n c e  utilized for draw ing  

c onc lusions about these neuroendocr�ne mechanisms comes fr om 

t he rat , it is possible to  glean from t he lit eratur e  some data 

which indicat es  that similar control mec hanisms operate  in ot her 

species . 

b .  The Hypothalamo-An t erior Pituitary-Test ic ular Axis 

( 1 ) The Hypot halamus 

The hypot halamus o c c upies a unique po sit ion in n euroendo­

c rinology , func tioning as an int egrator of c ent ral and peripheral 

endocrine func tions . This vital c o or dina t ion is accompl ish ed by 

n eurons whose  secr e t ions are c onc erned wit h regulat ing pituitary 

functions and by r e c iprocal hypothalamic neural connect ions with 

higher brain c enters  (Mot t a  et al . ,  1 9�3 ) . Local hormone implants 

and microhormone in j ec t ion t echniques  have established the pr esenc e 

o f  discrete  hormone rec eptor element s in the medial basal hypotha­

lamus which appear to be  sensitive not  only to gonadal steroids , 

but also t o  gonadotrophins ( Sawyer , 1 96 9 ;  Motta  et  al . ,  1 973 ) . 

The hypot halamus must therefore b e  r e garded as a target organ 
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in it self , as well as being an endoc rine organ whic h releases 

hormones  to  r e gulate  adenohypophys eal and n euro hypophyseal secret ion . 

The hypot halamus has widespr ead neural c o nn e c t ions with 

adj ac ent brain areas . N euronal c ircuits from the limbic sys t em 

and midbrain ret icular format ion int erac t with the  �ypot halamus 

and t hus exert pro found influen c e s  on both pituitary and gonadal 

fun c t ions and on reproduc t iv e  behaviour (Motta  et al . ,  1 973 ) . 

The exist enc e o f  a hypot halamic decapept ide , re ferred t o  

a s  Gonadotrophin Releasing Hormone (GnRH ) , whic h is capable o f  

stimulating t h e  release o f  both  FSH and L H  in a variety o f  mam­

malian  spec ies , is now generally accepted  ( Sc hally , 1 97 2 ) . 

How ever, the precise anat omical sit e ( s )  o f  its produc t ion in the  

hypo t halamus has/have not  been  ident ified .  

Rec ently , RIA measurements o f  GnRH c ont ent o f  t he mal e  

rat hypothalamus demonstra t e d  an inc reasing conc entration of  the  

decapept ide dur ing sexual mat ura t ion (Payne e t  ai . ,  1 977 ) . 

However , measur ement o f  GnRH lev els in the per ipheral c irculat ion 

fail ed  t o  det ec t increased rel easing hormone conc entrat ions during 

development ( McCann , 1 976 ) . 

( 2 )  The Ant erior Pituitary Gland 

The anterior pituitary gland is linked func t ionally with 

t he hypot halamus by way o f  the releasing hormones delivered by 

the hypot halamo-hypophyseal portal vessels (Gr een and Harris , 

1 949 ; Guillemin , 1 967 ; McCann e t  al . ,  1 968 ) . This func t ional r e ­

lat ionship b etween t h e  hypothalamus and ant erior pituitary gland 

forms t he basis for curr ent c onc epts of hypothalamic regula t ion 

of secret ion of  t he anterior pituitary hormones . 

The v ital role · o f t h e  anterior pituitary gland in t he 

c ontrol o f  reproduct ion is bas ed on its ability t o  e laborat e t h e  
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gonadotrophin s , FSH and LH , whic h link the gonads w it h  the hypo-

t halamo-pituitary axis . Based on staining affinit y ,  immunohisto­

c hemical localization , and electron-mic rosc opic studies , the 

gonadotrophin produc ing c ells ar e classified as basophils and are 

l ocalized in the dorsa -c ephalic zone o f  the pars distalis ( Baker , 

1 974 ) .  However, it is s t ill not cl ear whet her different gonado-

trophin secr eting c ells are responsible for t he synt hesis o f  FSH 

and LH . The similar �-subunit s but dissimilar �-subunit s ,  and 

the disc overy of only one r eleasing hormone  for both  gonadotrophins , 

may be int erpreted  as indicative of the exist enc e of  only on e t ype  

o f  gonadotroph • . 

The induc t ion o f  gonadotrophin release by  GnRH appears 

to involve the mediat ion 1o f  cyclic AMP (Zor et al . ,  1 96 9 ) . 

McCann ( 1 970 ) postulat ed  that the cyc l ic nucleot ide probably alt ers 

the c ell membrane permeabilit y  and c auses Ca++ uptake by the c ell , 

the ea++ in turn is required  for the extrusion o f  the hormone  

secr etory granul es . 

It  is important t o  not e  that the st imulat ory act ion o f  

GnRH on the pituitary gonadotropic c ells can b e  modified b y  c ir -

culat ing s t eroid hormones . In vit ro  Rerfusion t ec hn iques hav e been  

ut ilized t o  demonstrat e that t est ost er on e  and  dihydrot estost erone 

can inhibit GnRH st imulat ion o f  LH and FSH disc harge from the 

pituitary (Wei Liu and Weiz , 1 975 ) , indicating t he pres enc e of  

androgen n egativ e  feedback at the pituitary l evel . 

( 3 )  The T estis 

The morphological and histological d�velopment of  post -

natal t estes  has been described in section 2 . a  o f  this chapt er . 

Experimental invest igations in some spec ies hav e  demonstrated  

t hat the structure and  func tions of  the  t es t e s  at  any stage o f  
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development are governed pr�marily by the  gonadotrophins (Ortavant 

et al . , 1 96 9 ;  C ourot , 1 970 ) . However , the spec ific roles o f  FSH 

and LH in the establ ishment and maint enanc e of t e st icular funct ions 

are  not c l early defined . It  is acc ept ed  that the germinal epit he­

l ium is maintained and st imulat ed dir e c t ly by FSH , and the int er ­

st it ial c ells by LH , but syn ergistic effects  b e tween t he two 

gonadotrophins in init iating and maintaining spermat ogenesis 

following hypophyse c t omy also have been documented ( Lostr o h ,  1 963 

and 1 96 9 ; Steinberger , 1 97 1 ; Courot , 1 97 0) . 

Mo st studies implicate  FSH and androgens as the main hor­

mones which regulat e spermat ogenesis but ther e is st ill no univ ersal 

agreement on the spec ific stages of  the pro c e ss c ontrolled by each 

hormone .  While andr ogen or LH alone was shown t o  be capable o f  

maintaining and init iat ing spermatogenesis when given immediat ely 

following hypophyse c t omy , t he minimum dose r equir ed  for t he main­

t enanc e of  the proc e ss was much less when e ither of  these hormones 

was giv en toget her with FSH (Lostroh , 1 96 9 ; Kalra and Pr�sad, 

1 967 ) . 

The conc ept t hat  LH influences spermatogenesis thr ough 

it s st imulat ion of Leydig c ell androgen produc t ion has been  

support ed by studies  whic h showed that LH  rec ept ors were l o calized 

in the int erstitial c ells rather than in the seminiferous tubules 

( Dufau et al . ,  1 97 1 ; C ooke et al . ,  1 972 ) . On the other hand , it 

is evident that rec eptors for both  FSH and androgens are localized 

in the  Sertoli c ell s , and that these c ells are  t he target s  for 

both hormones ( Hannsson et al . ,  1 976 ; Facunding et  al . ,  1 976 ) . 

The dependenc e of _ the t estes  on pituitary gonadotrophins 

start s very early in life . Hypophysec t omy of n eonatal and prepu­

b ertal rat s induc e d  t es t icular regression while a dministrat ion of 
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gonadotrophins reversed the  effects  o f  the operat ion (C ourot , 1 970 ) . 

In this resp�c t , FSH was found to hav e  a great er st imulat ing e f f eet 

on t e st is weight t han LH , but the lat t er was f ound to b e  t he more 

e ffective  hormone in pr event ing t est icular regre ssion in adult 

hypophyse c t omized rat s and rams , provided t he therapy was inst it ut ed  

immediat ely after  the operat ion . Onc e  post -hypophyse c t omy atrophy 

of the t es t es took plac e ,  both FSH and LH were requir ed to  r e ini-

t iate  spermatogenesis ( Lostr oh, 1 96 9 ;  Ortavant et al . , 1 96 9 ) . 

I t  was suggested  t hat the  different iat ion of spermatogonial c ells 

primarily requir es FSH , but LH exert s  a synergist ic e ffec t on  

t his proc ess . 

While t he struc tural and funct ional int egrity o f  t he 

t est es are dependent on gonadotrophin st imulat ion , the t est e s  by 

way of their secret ions in turn regulat e gonadotrophin releas e . 

Test icular androgens ar e known to exert a ma j or inhibit ory fe ed-

back on LH secret ion both at t he hypothalamic and pituitary levels 

( Davidson , 1 969 ; Wei  Liu and Weiz , 1 975 ) . On the other hand , the  

c ontrol o f  FSH appears t o  inv olve  the  part ic ipation o f  a t e s t icular 

substanc e other than androgens , sinc e t estost erone replac ement 

t herapy effectiv ely suppressed the post -castrat ion rise of LH , 
• 

but not o f  FSH l evels ( Bogdanove ,  1 975 ) . Increasing eviden c e  in -

dicat e s  t hat a t es t ic ular fac t or t ermed "inhib in" isolat ed from 

ret e-t est is fluid and ident ified as  a non-st ero idal , wat er-solubl e ,  

and prot e inac eous subst anc e ,  is capable o f  selec t ively suppr essing 

the elevated levels of FSH whic h c an b e  induc ed e ither by castra-

t ion or by t est icular irradiat ion ( Franchimont et al . ,  1 972 ; 

Setchell , 1 973 ; Le e et  al . ,  1 976 £)• The c ellular sour c e  o f  

inhibin is unknown but . in view o f  s ev eral studies o f  t he relat ion-

ship between Sertoli c ells and FSH lev els , and the capacity  of 
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Ser t o li c ells t o  synthesize pro t e ins ( e . g .  androgen-binding­

pro t e in, ) ,  it was suggested t hat Sertoli  c ells are the mo st likely 

sit e of  production of the FSH inhibitory substanc e (Castro· et  al . ,  

1 970 ; Hans son et  al . ,  1 976 ; Lee  e t  al . ,  1 976 £ )• 

Besides t he ir r egulat ory role on gonadotrophin secret ion , 

gonadal andr ogens also ar e c onsidered t o  induc e t he hypot halamic 

male sex different iat ion ( development of t he "t onic" t ype o f  

gonadotrophin sec r e t ion ) , and t o  ac t ivate  growth of  t he mal e  sex 

struc tures during the foetal ( primates  and sheep ) or early neonatal 

( rat s )  periods ( Jost , 1 970 ; Barrac lough , 1 97 1 ; Short , 1 974 ; R e sko , 

1 975 ) .  Androgens are responsible for t h e  rapid growth o f  t he 

gonads and ac c essory s ex organs and the development o f  sec ondary 

s ex c harac t ers dur ing puber t y  ( Donovan and van der Werff ten  Bosch ,  

1 96 5 )  and the maint enance  o f  the  func t ion of t hese  repro duc t iv e  

structures  post-pubertally . 

c .  Neuroendocrine Mechan isms Involved in the Init iat ion 

of  Puberty 

Some invest igat ions undertaken t o  eluc ida t e  t he neuroendo­

c rine mechanisms regulat ing the time o f  onset o f  puberty hav e  

focussed o n  t he age-rela�ed c hanges i n  t he funct ional int errela­

tionships betwe en  the hypo thalamus , pituitary and testes  ( Ramir e z , 

1973 ; Swerdloff  et  al . ,  1 97 1 ; Payne et  al . ,  1 977 ) . Interac t ions 

wit hin this syst em during early repro duc t ive development hav e  been 

indicat ed  by alt erat ions observed in t h e  levels o f  gonadotrophins 

following hemic astrat ion iin rats (O j eda and Ramirez , 1 972 ) , by 

t e s ticular atrophy following hypophyse c t omy in immature rat s  and 

lambs ( Ortavant et  al . ,  1 96 9 ; Courot , 1 970) , and by the demonst ra­

t ion of measurable levels of gonadot rophi�s during the early post­

natal life o f  males  in many species  (C o urot · et  al . ,  1 975 ; Swerdloff  
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Schanbncher , 1 977�. 
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Ford and 

The fac t ors which init iat e rapid.maturation of the t estes  

during puberty are not  clearly defined . The  elevat ion o f  gonado-

trophin l evels during sexual maturation ( s e e  sec t ion  A-2 . d . ) whi c h  

causes increasing stimulat ion o f  t he gamet ogenic a n d  androgenic 
• 

c omponent s o f  t he t e stes  is c onsidered  t o  be the maj or event in 

puberty , and t wo hypothesei hav e been proposed t o  explain t his 

inc r ease of  FSH and LH secret ion : ( a )  a c hange in the sensit ivity 

o f  the hypot halamo-pituitary axis t o  inhib±t ion by gonadal st eroid s  

( Ramir e z , 1 973 ; Ramir ez  and McCann , 1 965 ; Smith a n d  Davidso n ,  1 969 ) , 

and ( b )  an increase in the sensitivity  o f  the ant erior p ituitary 

to  GnRH stimulation ( Debel j uk et al . ,  1 972 ; Lee  et  al . ,  1 976 �) . 
Acc or ding t o  t he first hypothe sis , · the hypothalamo -hypophyseal 

syst em of t he immature animal is highly sensit ive to t e s t icular 

st eroid , but as s exual mat urat ion pro c eeds , the s ensitivity t o  

inhibit ion decreases , result ing i n  incr eased FSH and LH secret ion . 

This t heory is based on the  finding that smaller doses o f  t e stos-

st erone were  capabl e o f  inhibiting LH r elease in pr�pubertal or 

immature mal e s , t han in adult male rats ( Smith and Dav idso n ,  1 96 9 ; 

O j e da and Ramirez , 1 972 ; N e gro-Vilar et  al . ,  1 973 �) . 
Incr easing pituitary sensitivity to  GnRH st imulation could 

b e  anot her cause of the  pubertal elevation . of  gonadotrophin levels . 

This has been r eported  in rams ( Lee et a.l.., 1 976 �) and rat s  

( Debeljuk et  al. , 1 972 ) in which a great er release o f  gonadotro-

p hins occur s  in  response t o  GnRH administl·at ion t o  pubertal male s  

a s  compared  t o  immature o r  a dult animal s .  Howev er , data published 

by  Miyachi e t  al . ( 1 973 ) for . rats , Pomerant z e t  al . ( 1 97 4} for 

boars , and Mongkopunya et al . ( 1 975 ) for bulls , show ed t hat pitui-
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'.tary r e sponses to  GnRH do not vary during sexual maturat ion . 
' ' , 

Discrepancies between t he result s o f  t his type o f  investigat ion 

may have been cause d  by variat ions in t he meth ods calculat ing 

the  GnRH dosage . 

A c hange in gonadal responsiveness to  gonadotro phins also 
,. was suggested to b e  involv ed  in the in it iat ion o f  puberty ( Swedl o f f  

t 1 1 97 1 . Odell et  a l  1 973 ) Invest igat ions b y  thes e aut hors e a . ,  , . ,  • 

indicat ed  that t est icular responsiveness t o  LH increases with age 

and that this inc r eased re sponsiveness is dependent on previous 

exposure of the immature t estes  to FSH . C hen et al . ( 1 976 ) al s o  

showed that FSH tr eatment o f  immature hypophys ectomiz ed  rat s  r e sult-

ed  in a marked increase in the capac ity of  Leydig c ells t o  respond 

in vitro  t o  LH st imula t ion . Whet her FSH a c t s  to  st imulate  the syn -

t hesis o f  1 7  �-hydroxyst eroid dehydro genase  ( which catalyz es the 

final st ep in t e stost erone synthesis ) ,  or whet her it  increases  the 

number of  LH rec eptors , has not been inv estiga t e d ,  but the  above 

evidenc e point s to an important role for FSH in the induc t ion o f  

t est icular capac ity t o  secrete  androgens . 

It t hus appears t hat the whole  hypothalamo-pituit ary-

t est icular syst em undergoes progr e ss ive  maturat ional c hanges during 

pubert y ,  but the  underlying neuroendocrine mechanisms whic h t r igger 

such c hanges are s t ill poorly inderstood . Experiment s wit h  imma-

tur e  femal e  rat s produc ed  c onvincing evidenc e that ext rahypot halamic 

influences from the  amygdala and pineal glands are important in 

pr eventing t he ons et of puberty . C ompl e t e  deafferentat ion of the  

medial basal hypothalamus by surgical isolation resul t ed in  pr e-

c oc ious puberty ( Ramaley and Gorski , 1 96 7 ) .  Destruc t�on o f  t h e  

amygdala o r  sect ioning o f  t he tract whic h c onnects  i t  wit h  t h e  

hypothalamus ( st r ia t erminalis ) similarly c aused premature vaginal 

opening , whereas elec trical stimulat ion of the amygdaloid area 
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delayed puberty ( Crit chlow and_ Bar�S ela , 1 967 ).  The inv olvement 

of the pineal gland in the t iming of pubertal onset is suggest ed 

by t he occurrence  o f  precocious pub erty in boys and girls  with 

pineal tumour s ,  alt hough some aut hors r egarded t hat result as being 
• 

secondary t o  t he pressur e exer t ed by  suc h _ tumour s on adj ac ent neural 

structures (Crit c hlow and Bar-Sela, 1 96 7 ) .  Howev er , the finding 

that pineal e c t omy of iMmature femal e  rats acc elerat ed puberty 

( Relkin , 1 97 1 ) and t he charac t erization of 2 pineal substan c e s  with 

antigonadotrophic e ffe�ts ( melaton in , Wur tman e
_
t al . , 1 96 4 ,  

and pineal peptides , Pav el and Pet r escu , 1 966 ) indica t e  t hat it 

is possibl e t hat_this orga�_may have some role in mediat ing t he 

onset o f  puberty . Moreover , in buffalo c alve s ,  t he numb er  o f  pi-

nealoc yt e s  and the  vascular ity_o f  t he _ gland was found t o  b e  higher 

t han in adult s  ( Rao and Saigal , 1 97 1 ) , and the a c t iv it y  of the 

pineal enzyme HIOMT ( hydr oxyindole-O�methyl transferas e ) which  

catalyzes t he format ion o f  melat onin , declines at  t he t ime of  

puberty ( Ho erma n ,  1 97 1 ) .  This evidence  indicat e s  t hat t he pineal 

gland is more  ac t ive prepubertally and c ould exert a nt igonadotrophic 

influenc e s  during t he period of s exual immatur it y .  

The exact  mechanisms by which these extrahypotpalamic 

struc tur e s  affect  t he funct ional mat urat ion o f  the hEpothalamo� 

pituitary-gonadal syst em during puberty are unknown .  L ike�ise ,  

the means by  whic h gonadal st er9ids c ould modulate hypothalamic 

sensit ivity r emains speculative . C urrent experimental observat ions 

are rat her difficult to  int egra t e  and no unified t heory haa yet 

been formula t e d  to explain yhe control o f  onset  of puberty , part i-

cularly for t he male gender . 

d .  Factors· Affecting Puberty in Males 

The age o f  occ�rr enc e o f  puberty varie s c onsiderably 

within any one spec ies . Al though t he ontogeny of the proc e ss is 

largely determined by genet ic s ,  t he no rmal rat e of maturation 
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c an b e  modified by the  environmen t (Donovan and van der Werff t en 

Bosc h ,  1 965 ; Critc hlow and Bar-Sela , 1 96 7 ; Ramir ez , 1 973 ) . Fac t ors  

whic h influenc e pubertal onset are : genet ic const itut ion, season , 

l ight , t e�peratur e ,  stress , nutrit ion , and social and s exual 

s t imuli .  

( 1 ) Genetics  

The  exist enc e of genet ic fac t ors  which in fluenc e  t he age  

o f  puberty  is  indicat ed c l early by the  earlier occurrenc e o f  s exual 

mat urity in.smaller rat her than larger br eeds of a part icular 

spec ie s  e . g .  miniat ur e  pigs and dogs attain pub erty earlier t han 

larger breeds of t he s e  species  (Mount et al . ,  1 97 1 ; McDonald , 

1 96 9 ) . Also triplet boys were reported  t o  attain puberty at 

ident ical ages whil e significant variat ions in ages at  puberty  

occurred between non-twin brothers ( Donovan and  van der  Wer f f  ten 

Bosc h ,  1 96 5 ) . 

( 2 )  Season, Light, Temperatur e and Stress 

The delaying effec t s  of  short ened day-lengt h ,  ext r eme t ern-

peratures  and stressful manipulat ions on the occurr enc e  of puberty 

have been report ed  in  f emal e  rodent s but  hav e not  been  invest igated  

in  males  (Donovan and van der  Werff t en Bosc h ,  1 965 ). In ram lambs , 

Skinner and Rowson ( 1 96 8 )  sugges t ed that seasonal fac tors such  as  

environmental dayl ight might influenc e sexual dev elopment ; t hey 

recorded delayed repr oduc t ive development in lambs born during 
' 

lat e  summer c ompared  t o  those born in spring . 

( 3 )  Nutrition 

Markedly ina dequate  caloric int ake during the  prepubertal 

period o f  l�fe was suggest ed to  delay the onset o f  s exual mat urity 

(Moustgaard , 1 95 9 ) ; this hypothesis has been c onfirmed for bulls 
. . . . . . � (Flipse et  al . ,  1 953 ; Mann et al . ,  1 96 7 ) ,  rams (Wat s on et al . ,  

1 956 ; C ourot , 1 96 2  �), and boars (N iwa , 1 954 ; Dut t and Barnhart ,  
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1 959 ) .  Furt her , it has been report ed t ha t  in rams fed inadequat ely , 

t he androgenic funct ion of t he.t estes  is r etarded . more markedly 

t han was the onset of spermatogenesis ( Mann et al . , 1 967 ; Skinner 

and Rowson , 1 968 ) .  Mann et al . ( 1 96 7 )  c laimed that the delay 

which  underfeeding caused in the onset  of  an drogenic func t ion  

was  due to  lac k  o f  gonadotrophins from the  pituitary and not to  

an  inability o f  the test es themselves  t o  produc e test ost erone . 

However , the invest igat ions o f  Gombe and Hansel ( 1 973 ) in heifers  

showed that gonadal hypo func t ion  under c ondit ions of  restric t ed 

energy intake was not due t o  reduc ed c ir culating lev els of  LH , 

but to a reduc ed  ability of  the ovarian t issue to r espond t o  LH . 

( 4 )  Social and Sexual St imuli 

While the  e ffects  o f  social envir onment and sexual st imuli 

on t he age of  puberty hav e been studied  ext ensiv ely in f emales 

( Parkes , 1 96 1 ; Whit t e n ,  1 966 ) , only l imit ed studies have  b e en 

c o nduc ted  in mal e s . Vandenberg ( 1 97 1 ) report e d  that r ear ing of  

immatur e mal e  mic e in  t he presence  of  a dult . females had a st imu­

latory effect  on t est icular and acc essory sex glanddev elopment . 

The e stablishment o f  social  hierarchies amongst boars 

( Fraser , 1 97 4 )  has been suggested  as a possible fac t or wh ic h 

influences  the  androgenic a c t iv ity  o f  the t est e s . Subordinat e  

boars in the group were found t o  hav e  lower plasma levels o f  

pheromonal st eroids and a delayed onset  o f  testicular st eroido­

genesis ( Andr e s en , 1 976 ) .  

B .  PHYSIOLOGY AND ENDOCRINOLOGY OF REPRODUCT IVE DEVELOPMENT 

IN BOARS 

The domes t ic pig (� scrofa domestica ) b elongs to  the 

c lass o f  monogast ric ungulat es wit h even-toed hooves ( Haf e z , 

1 974 ) . Generally ,  boars ar e r eport ed  to reac h sexual maturity 
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by 8 months o f  age , but report s on the age of  puberty vary c o nsi­

derably , ranging from as early as  1 1 0 days ( Andr ews and Warnick,  

1 949) to  as  lat e  as  200 days (Wiggins et  al . ,  1 95 1 ) .  This varj a­

t ion may be a t tribut ed primarily to the  dif fer ent c r it eria ut iliz e d  

b y  those inv e st igators , the former being based o n  t h e  first appear ­

anc e o f  sp erm i� the  s eminiferous tubules , and the lat t er on the 

ability to mat e .  

1 .  Reproduct ive  Development 

The development of  t he r eproduc t ive  organs of boars has 

been describ ed by Phillips and Andrews ( 1 936 ) , Andr ews and Warnick 

( 1 949 ) , Hausser e t  al . ( 1 949) , N iwa and Mizuho ( 1 954 ) , As.d ell ( 1 96 4 )  

and Egbunike and St e inbach ( 1 972 ) for t h e  domestic breeds and by 

McFee et  al . ( 1 967 ) for the miniatur e  breeds . Desc ent of t he 

t estes  int o the scrotum normally occurs during the  las t quarter  

of  foetal l ife ( Backhouse and Butl er , 1 960 ) , while  the  growth 

curv e of  the  t es t e s  from pirt h t o  adult hood is sigmoid in shape 

(Niwa and Mizuho , 1 954 ) , with t he most rapid grow t h  occurring 

between 4 t o  1 0  mont hs o f  age . Inc r eases in t he diamet er of  

seminif erous tubules approximat ely parallel t es ticular weight 

c hange s  unt il a maxim� diamet er of 200 ym is r eac hed ( Niwa and 

Mizuho , 1 954 ; Egbunike and St e inba c h ,  1 972 ) . 

Histologically , the t es t e s  are of an immature t ype similar 

to t hat  describe�  for ot her mammalian spec ies  from , birth unt il 

1i months of age . By 3 months , the  seminiferous tubule s  hav e 

acquired  lumina and pr imary spermatocyt es appear , while spermatozoa 

are det ec tabl e between 4 to  6 months ; at 6 months 85 % of  the 

tubule s  c ontained sperm (Rowson , 1 96 9 ) . 

The development of  the epididymis also was report ed t o  

parallel  the growth  o f  the  t es t is , whil e t he acc elera t ed growth 
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o f  the acc essory s ex glands occurred lat er , between 5 t o  1 0  mont hs 

of age (Niwa and Mizuho , 1 954 ) . C omplet ion of s eparat ion between 

the penis and the penile part of  the  pr epuc e occur s  at  5 months 

( Hafez , 1 974 ) , with penile growth being most rapid at 7 - 8 months 

of  age  (Niwa and Mizuho , 1 954 ) . Alt hough boars c ould e j acula t e  

a t  6 - 7 months o f  age , t he first e j aculates  c ontained many 

immatur e gamet e s  ( Rowson � 1 96 9 ) . The number of sperm and t he v olume 

o f  e j aculat e s  bot h inc reas ed until boars reac hed  1 8  mont hs of age , 

a t  which time t he e j acula t e  contains 20 t o  1 00 x 1 09 sperm in 200 

t o  400 ml o f  s emen ( Leman and Rodeffer , 1 976 ) . Swierstra ( 1 96 8 )  

est imated  t h e  durat ion o f  spermat ogenesis i n  b oars t o  b e  3 4 . 4  days . 

The pr inc ipal fac t ors  whic h det ermine the  time of  onset 

o f  puberty in boars are breed and nut rit ion . The influenc e  of 

breed is indicat ed  clearly by the early attainment of reproduc t iv e  

c apab ility i n  miniature  boars of  Gott ingen strain . Spermatozoa 

are detectable as early as 4 weeks o f  age in t hese  animals and 

sexual maturity is attained between 8 an d 1 2  weeks of age ( Raring 

et al . ,  1 966 ) . However , miniature boars of  the  Pit tman-Moore 

strain only reac h s exual matur ity at an age ( 23 weeks ) c omparable 

to boars of domestic breeds (McFee e t  al . ,  1 96 7 ) . Among domes t ic 

breeds s ome degr e e  o f  variat ion also has been noted . Berkshir es 

and Middle Whit es were shown t o  attain sexual mat ur ity  at  8 mon t hs 

whil e Poland China and Large Whit e b oars reach s exual maturity at 

1 1  months of  age (Niwa and Mizuho , 1 954 ) . Cross-breeds wer e found 

to  have an earlier on s e t  of spermat ogenesis t han pur e-bred boars 

( Hausser , 1 949) . 

Indiv idual variat ions within breeds hav e been observ e d  

a n d  appear to be r ela t ed t o  nut rit ion and body growt h .  Niwa ( 1 95 4 )  

inv estigated  the relat ionship between body growth and spermatogenic 

function  and found t hat boars wit h a normal body growt h rate  had 
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greater t e st icular. weight s and an earlier onset o f  spermat ogenesis 

than animals with r e�arded body growt h .  Dut t and Barn hart  ( 1 95 9 )  

also report ed a delayed onset o f  puberty in boars under restric t e d  

feeding ,  but _ found n o  delet erious effec t s  o f  r educ ed nut rit ion ou 

semen v olume , sperm density , sp erm mot ilit y ,  or t he fert ility of  

sexually matur e  boars . Seasonal variations in  the  t ime of  b irth  

were  report ed  t o  hav e no  significant effec t  on the at tainment o f  

pubert y in boars (Wiggins e t  al . , 1 95 1 ) .  

2 .  Endoc rinology o f  Repr oduc t iv e  Development in Boars 

Knowledge of t he endocrine  control of r eproduc t ion  ip 

b oars , particularly o f  hypot halamo-pituitary- t est icular r elat ion-

ships , is still v ery limit ed . A growing irt erest in t he sub j e c t  

has followed the adv ent o f  ra dioimmunoassays for hormone measurment , 

and the  use of  miniat ur e  swine  as experimental animals . Howev er , 

in view of  the muc h earlier age o f  onset of  sexual maturity in 

miniature breeds , caution must be  taken in int erpret ing result s 

deriv e d  from t hese  animals in relat ion t o  domestic bre eds . 

a .  Gonadot rophins 

Very limit ed  data on plasma l evels of gonadot rophins are 

available  at  pre s ent . A lit tle informat ion has been published for 

LH , but data for FSH and prolactin for t he porc ine sp ecies  are 
w 

compl etely lacking . Plasma LH l evels in mi-n iature boars were first  

reported  by Pomerant z et al . ( 1 974 ) who found t r.at pubertal boars 

had resting plasma LH leyels of 0 . 6  ng/ml , intact  adult s - 0 . 7  ng/ml 

and castra t ed adults  - 3 . 0  ng/ml . The same group o f  workers fur t her 

c hara c t erized t he pat t erns of  plasma LH levels from birth  to  1 2  

weeks o f  age , and noted  n o  significant c hange in LH lev els t hrough-

out  t his period ( Elsaess er et al . ,  1 976 �) . Recently ,  Ford and 

Schanbacher ( 1 97 7 )  measured  serum LH levels in domes tic boars>·fi'.Om 
':�· . 
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birth to  9 weeks of  age and r epor t ed an elev�t e d  concentra t ion 

from bir t h  to 2 1  days of age ( mean value = 1 . 46 ng/ml ) ,  this then 

dec lined between days 2 1  and 28 to l evels  c omparable to  t hose  

observ e d  in  a dult boars ( 0 . 58 ng/ml ) .  T o  dat e , no c ompl e t e  profile 

o f  LH secret ion fr om post- natal life t o  adulthood has been  publ ished .  

b .  T e s t icular St eroids 

In  contrast to  t he meager LH data available for boar s , 

considerable information on the  pat t erns o f  t esticular st erbid 

s ecretion has been repor t e d .  

T estost er one i s  the  princ ipal steroid secreted  b y  t h e  

boar t es t es ( Lindner , 1 96 1  ·� ; Elsaesser et  al . ,  1 972 ) . Plasma 

l evels o f  this st eroid in spermatic vein blood of domest ic b oars , 

aged 3 t o  9 _ mont hs , were measured  by Carlson e t  al . ( 1 97 1 ) and 

Gray et al . ,  ( 1 97 1 ) using t hin layer chromatography t e c hnique . 

Both groups o f  aut hors rec orded inc r eased conc entrations of  t e s -

l tosterone t owards pub erty . Gray et  al . ( 1 97 1 )  also rec orded t h e  

highest test ost erone c onc entrat ion i n  5 - 7 mont h o l d  animals , 

while l ower levels were  regist ered in boars aged 8 - 9 mont hs . 

Andresen ( 1 976 ) measured  peripheral plasma conc entrations o f  

t est o st erone and recorded maximal levels  between 1 1 5 and 1 57 days 

of age and lower levels t hereaft er . Meu ssy-Dessole ( 1 976 ) r epor t ed 

a prb file o f  t est ost erone secretion in boars analogous t o  that 

r ec orded in humans ,  and showing a l�rge rise aft er b irt h ,  between 

5 and 1 7  days , followed by a pr epub ertal decline , t hen a progre ssive 

increase during pub erty unt �l adult value s  wer e attained . On the  

other hand , Elsaesser et al . ( 1 976 �) and Ford and Schanbacher 

( 1 977 ) found low and _ constant levels o f  t est ost erone from bir t h  

u p  t o  5 weeks o f  age . Elsaesser - et al . ( 1 972 ) and Booth ( 1 975 ) 

found that the conc entrat ion o f  t estos t erone in boar t est es was 
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higher t han t hat o f . androst enedione t hr oughout all stages of r epro ­

duc tiv e  development , . in contrast t o  the  f indings o f  Lindn er and 

Mann ( 1 960 ) in bulls . During foetal life , Raeside and Sigman 

( 1 975 ) confirmed t hat t est ost erone was the  princ ipal androgen in 

foetal boar t e �t e s ,  being 1 00 t imes mor e  concentrated  than any 

o ther androgen . During postnatal development , a higher c on c entra­

t ion of  t e st ost erone rat her than androst enedione in t he t e s t es 

also was repor t e d ,  irresp ec t iv e  o f  age  ( Elsaesser  et al . ,  1 972 ; 

Boot h ,  1 975 ) . 

Be sides  t e stost erone and androst enedione , a number o f  

androgens were identifiea as being elaborated by boar t e st e s , 

including various musk smelling 1 6  unsaturat ed c 1 9  st eroids 

( Patt erson , 1 968 �; Claus et  al . ,  1 97 1 ) ,  dehydro epiandr o s t erone 

( Huis in ' t  Veld et  al . ,  . 1 96 4 ;  Booth et a l . , 1 973 ) , and est rogens 

(Velle , 1 958 �; Raeside , 1 965 ) . 

The 1 6 -androstene c 1 9  st eroids possess lit t l e  or no  

androgenic ac t ivity ( Saat . et al . ,  1 97 2 )  but ar e c onsider ed  to  

serv e  as pheromones ( Sink, 1 96 7 ) . Pat t erson ( 1 968 � )  identified 

one of  t he s e  s t eroids , 5 � -androst enone , in boar fat ; t his  

st eroid is the  ma j�r component o f  t he sex odour c omplex o f  the  

boar and causes  " taint " in  boar ' s  meat . Further studies  by Claus 

et al . ( 1 97 1 ) revealed t hat fat t y  t issues and salivary glands 

warotid and submaxillary) serv e as st ores  for 1 6 -andros t ene s . 

The pres ence  o f  these st eroids in saliva (Gower , 1 972 ) and sweat 

glands ( S t inson and Pat t erson , 1 97 2 )  of  boam is of c onsiderable 

int erest sinc e t hey have been shown to have pheromonal a c t iv ity  

which facilitat e s  the det ec t ioh o f  estrus in  s ows . (Reed  et  al . ,  

1 972 )  and a dvances  pub erty in gilt s ( Brooks et  al . ,  1 970 ) . 

Conc entrat ions o f  5 o( -androst enone in plasma and fat t issue were 
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report ed  to inc r ease  between puberty and adult hood (Andresen , 1 976 ) . 

S ignificant amount s of  dehydro epiandrost erone ( DHA )  also 

have been ident ified in boar t es t e s  and peripheral plasma . That 

the main sour c e  of  or igin of t his st eroid is t he t es t es and not 

t he adrenal c or t ex was confirmed by marked alt erations in its levels 

following castration and HCG inj ection ( Huis in ' t  Veld  et al . ,  

1 96 4 ) . It  was sugges t ed t hat DHA might act  as a pr e c ursors  for 

t estost erone synthesis (Booth  et  �1 . · , 1 973 ) . 

Besides androgens , boars also secr ete large  quantit ies o f  

e strogens . The t est es ar e c onsidered  t o  be  t he sour c e  o f  t hese 

e strogens since  castrat ion greatly r educ ed  the ur inary l ev e ls of 

t hese  s t er o ids (Vell e , 1 958 � ;  Raeside , 1 965 ) . The physiological 

significanc e o f  high levels o f  estr ogen in boars is not c lear . 

Invest igat ions by Jo shie and Rae side ( 1 973 ) demonstrat ed  t hat 

estrogens c ould exert synergistic effects  with t es t o s t erone in 

stimulating t he secretory a c t iv ity  of  the ac c essory  glands. , and 

also on sexual b ehaviour of boars , when administ ered  as st eroid 

replac ement t herapy followin g castration . Also , est rogcn may 

part icipa t e  in the negat ive  f e e dback c ont rol o f  gonadotrophin 

secret ion ( Ford and Schanbac her , 1 977 ) . 

It  has been suggest ed  t hat t est icular s t e roidogenesis in 

boars can be affected  by ext ernal fac t ors . For example ,  stressful 

st imuli such as  confinement in metabolism crat e s  was shown to 

lower plasma LH ac t ivit y ,  e s t imat ed by the rat ovarian c holest erol 

depl et ion method ( Liptrap and Rae side , 1 968 ) . So cial fac t or s  

i . e .  establishment of  social hierarc hies ( s e e  s e c tion A-3 . d .  o f  

t his c hapt er ) may also affeat t h e  endocrine status o f  individual 

animals . Sexual st imuli such as copulat ion also have b e en report e d  

by Andre s en ( 1 976 ) to induc e a n  incr ease  in t he peripheral plasma 

l evels o f  t estost erone and 5 o<. -androstenone with in a few minut e s . 
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I n  contrast , Ellendor f f  et  al . ( 1 975 ) found no significant eleva-

tion o f  plasma t e stost erone conc entrat ions following copulation 

�l t hough an elevation of  plasma LH levels  was n ot e d .  Further in-

v e st igat ions are needed to clarify the effect  of mat ing or s exual 

s t imuli on t he reproduc t iv e  hormone secretion of boars . 

c .  Hypothalamo -Ant erior Pit uit ary-Test icular Rela -

t ionships during Pub ert y  

Only pr eliminary invest igations of  the physiology of  the  

hypot halamo-pituitary-t est icular axis in boars have been r epor t ed . 

The r espons e  to  GnRH infusion in pubertal , int ac t adult , an d cas-

trated miniature boars were inv estigat e d  by  Pomerantz et al . ,  

( 1 974 ) . Their exper iments  rev ealed that in all animals the LH 

r esponses were dependent on t he dose o f  GnRH , however the decay 

constant o f  LH was significantly longer in int act  adult boars 

( 76 min ) c ompared to pubertal ( 25 min ) or cast rat e  animals ( 29 min ) . 

They hypoth esized t hat t here was no differ enc e in pituitary s ensi-

t ivity to GnRH st imulat ion between pub ertal and adult boars . Als o , 

it  has b e en demonstrat ed t hat t he st eroid negat ive feedback mecha-

n ism is r elativ ely insensitiv e during t he neonatal period ( Elsa e s s er 

et  al . ,  1 976 a ;  Ford and Sc hanbac her , 1 977 ) ; while neonatal castra -- ' 

t ion reduc e s  the levels o f  t es t ost er one , no e levat ion of  LH levels  

was noted . The  lac k  of  a negative fe edback syst em shortly aft er 

b irth was furt her indicated  by findings t hat n e it her norethindrone 

ac etat e nor estradiol b enzoat e admin is t ered  on day 2 had any e f f e c t  

o n  plasma L H  l evel s , but �oth were effec t iv e  in decreasing the 

plasma LH c onc entrat ions in 5 month old domest ic boars ( Ford and 

Schanbacher , 1 977 ) . In miniature bre e ds , Elsaesser et al . ( 1 976 a ) 

reported t hat t estost erone propionat e administ ered  to  orchidecto-

mized boars significantly suppressed LH in  pr epub ertal but  not  in 

pub ertal animals . They int erpreted  t his finding as indicativ e  o f  
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a declining s ensitivity of  t he hypot halamus t o  t estost erone negativ e  

feedback .  

C .  THE PURPOSE OF THE PRESENT STUDY 

The studies described in t his thesis were carried out t o  

obtain fundamen tal dat a  o n  the pro c es s  o f  pubert y  in boars and t o  

evaluate  t he neuroendocrine mechanism �egulat ing t he pro c e s s . 

T he experiments  in c hapt er I I I  were designed to  study t he 
el c ours e  gonadal and epididymal devel opment dur ing sexual maturation 

and t he c oncomitant chanr�es  in plasma levels  of LH and t e stost eron e . 

The experiments described  in c hapt er IV were conduc t e d  t o  det e rmine 

t he 24 hr LH and t e stosterone secr e t ory pro fil e s  of pubertal and 

post -pub ertal boar s . 
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Thirty-two Large Whit e x Landrac e  boars derived from s ev en 

l it t er s  born in April , 1 976 were ut ��tz.e d  in t he experiments  d e s -

c r i  bed  in t his thesis . All animals were weaned at fiv e  weeks o f  

age , a t  body weights o f  1 0  - 1 2  kg . 

B. ANIMAL MANAGEMENT 

The boar s were r ear ed at t he Pig Researc h  C e nt er , Mas s e y  

Universit y .  Lit t ermat es were grouped  t ogether i n  c oncr e t e  pens 

provided with wooden platforms . A standard weaner meal ( c ompos e d  

o f  barley - 4 1 . 5  % ,  maiz e - 30 . 0  % ,  skimmed milk powder - 7 . 5 % ,  

fish meal - · 3 . 0  % ,  lupin seed meal - 6 . 0 % ,  luc erne - 2 . 0  % ,  bone 

flour - 3 . 0 % and salt -pr emix - 1 . 0 % )  was fed ad libitum to t he 

animals fr om weaning unt il 3 mont hs of  age . Thereaft er , t he feed  

was  changed to  grower meal ( c onsisting o f  barley - 75 . 0  % ,  dried 

blood - 1 0 . 0  % ,  bone flour - 6 . 0  % ,  fish meal - 8 . 0  % and salt -

pr emix - 1 . 0 % )  . given as a restric t e d  ration o f  approxima t ely 

2 kg/animal/day .  Wat er was provided a d  libitum thr ough aut oma t ic 

wat erers . 

As required  by t he experimental design for Experiment 2 ,  

s ome of  t he boars in that experiment w ere transferred t o  the  

Animal Physiology Unit for two  weeks f or the 24  hr samplings . 

Dur ing this p eriod eac h  boar w�s held in an individual s t e e l  crate  
0 inside a controlled c limate  room maintained at 15 C .  Light ing was 

provided by two flouresc ent light s ( 80 W) c ontrolled by aut oma t ic 
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t ime switches and a 1 0 : 1 4 h iight dark light ing r egime was 

inst itut e d .  

All animals remained in good health throughout the c ourse  

of  bot h  experiment s .  

C .  SURGICAL TEC HNIQUES 

1 .  Anaesthesia 

Prior to induc tion of anae sthesia ,  azaperone ( ' Stresnil ' , 

Et hnor Limit e d ,  N . Z . ) at a i dose rat e o f  2 mg/kg body we ight was 

adminis t ered  as a tranquilizer . Subsequent ly ,  anae sthesia was 

induc e d  and maintained wit h halo t hane ( ' Flout hane ' ,  I . C . I . , U . K . ) 

administ ered v ia a fac e  mask . Halothane vapour conc ent rat ion s  of  

approximat ely 8 %  and 3 %  (v/v ) , r espec tiv ely , in oxygen were 

ut ilized  for induct ion and maint enanc e of  ana est hesia . 

2 .  Jugular Vein Cathet erizat ion 

a .  Insert ion o f  the cannula into  the jugular veins 

The animals wer e plac ed  on an operat ing t able  in dor sal 

recumb enc y  then the neck,  shoulders ,  and back were clipped and 

st eriliz ed wit h 0 . 5 % (w/v ) chlorhexidine ( ' Hibitane ' ,  I . C . I . ) 

in 70 % v/v ethanol prior t o  surgery . On each side o f  the neck 

an 8 c m  inc ision was made ext ending cranially aud slightly lat eral ly 

from a point midway between t he po int s of  the cariniform cart ilage 

and the ant erior tuberosity of t he humerus . This sit e  of  inc i-

sion parallels the j ugular furrow lat eral to the t rac hea . Sub-

c utan e ous adipose t issue and muscle  layers were separat ed by 
� 

blunt dissec t ion to expose the j ugular vein lat eral t o  the trac hea 

and medial to st ernoc ephalic muscl e .  The vein was freed from t he 

surrounding connec tive tissue by blunt dissec tion , then bull dog 

clamps pla c e d  on either side of the proposed  point of cannulation , 
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to prevent blood flow t hrough the vessel . A 2 - 0 plain gut purse  

string suture was  inser t ed in  the vessel wall then a small V-shaped 

inc ision made in t he c enter o f  t he purse  string with  fine  point e d  

scissors . A t  this stage , t he c entrally placed  bull dog c lip was 

r eleased  then the cannula ( Silastic , Dow C orning , Michigan , USA ; 
' . . . . 

1 . 57 mm I . D .  and 2 . 4 1 mm O . D . ) was inser t e d  so that two silast ic 

r etention c ollar s ,  1 0 - 1 2 cm from the end o f  the cannula , came t o  

l ie wit hin the lumen o f  the vess el . The ends o f  the purse string 

suture wer e  pull e d  t ight and tie d ,  t hen the peripherally pla c e d  

bull dog clip was released t o  r e -establish the flow o f  blood . 

b .  Ext eriorizat ion of  the  cannula 

Onc e pat en c y  of t he c annula had been  c hecke d ,  its periphe-

ral end was ext erioriz ed through a subcut aneous tunnel passing 

towards t he dorsum of the animal . The t unnel was made by  pushing 

a 25 c m  trochar ( 6  mm O . D .  and 4 mm I . D . ) through the subcut an eous 

t issues unt il it protruded  dorsally . The skin ov er the end o f  

the trochar was inc ised , the head o f  t h e  trochar r emov ed , and 

the cannula passed  t hrough the trochar lumen . A ret ention liga-

tur e  was made a t  the point of entry o f  the cannula t o  the subcu-

taneous tunnel , t hen the pat ency of  the cannula checked  again . 

Finally , the neck  inc ision was closed  by  int errupted nylon sutur es . 

To allow for the possible failure o f  c annula pat ency b o t h  

l e ft and right j ugular veins were cat heterized . 

3 .  Castration 

The scrotal ar ea was clipped  and st erilized with hibitane 

prior to surgery . A pr imary skin inc ision was made  along the me-

dian raphe of  the scrotum. One t est ic l e  was ext eriorized  thr ough 

the incision by inc ising and blunt dissec t ing t he underlying 

fascia and parietal tunica vaginalis . Aft er cutt ing t he r e flected  
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tunica vaginal�s propria the t estis was withdrawn t o  expos e  the  

spermat ic cord . Two  Kelly hemostats were  plac ed on the  c ord , whic h 

also was liga t ed wit h chromic gut at a point between clamps . Then 

the t esticle was sever ed distal t o  the point of  ligation . Aft er 

r emov ing the sec ond t estis by a s imilar proc edur e , the skin inc i­

sion was clo s e d  with int errupt ed non-absorbable sutur es . 

4 .  Post-Surgical Care 

Aft er all surgical pro c e dures , antibiotic t herapy ( procaine 

p enic illin-streptromycin suspension , · �treptopen ' ,  5 ml/an imal ) 

was institut e d  for fiv e  days as prophylaxis against infec t ion . 

Skin sutur es  were r emoved approximat ely seven days post -opera t iv ely . 

D .  BLOOD COLLECT ION 

1 .  Fortnightly Sampling 

For Experiment 1 blood sample s  ( 1 0 mls ) were  c olle c t ed once 

every two weeks by  punc tur e  o f  the ant erior vena c ava , f ollowing 

the method of Carle and Dewhirst ( 1 942 i . Animals less t han 30 kg 

w ere bled while restrained on t heir back by an assistant . An 

appropriate  sized  needle was insert ed  int o the depre ssion f ormed 

by the super fic ial neck musc l es j ust  ant erior and lat eral t o  the  

st ernal cart ilage  and the ant erior border of the first rib . The  

needle was direc t ed dorsally and caudally . Large  animals were 

bled standing while r estrained by a snubbing rope around the  upper 

j aw .  In t his posit ion , the  needl e  was directed  int o the depression 

then medially , dorsally and caudally . For pigs b elow 1 0  we eks of  

age , 3 . 8  c m - 18  gauge needles were  used , whil e 9 - 1 1 . 5 c m - 1 7  

gauge needles  were use d  for older boars . Bloo d  samples were c ol­

lected  int o heparinized vacutainers then kept in an ic e buc ket for 

up to 1 hr unt il c onveyed to t he laborat ory where plasma was 
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separat ed by c entr ifugat ion at  3 J OOO rpm for 30 minut es . Plasma 

was stor e d  a t  - 1 8°C unt il r equired for hormone assay pro c edur e s . 

2 .  Twenty-four Hour Sampl ing 

To fac ilitat e the  frequent withdrawal o f  blood for Experi­

ment 2 wit hout stressing the animals , indwelling cathet ers were  

insert en int o t he j ugular veins as described in  sec t ion C - 2  o f  this 

c hapt er . Cat het er pat ency was maintained by c onne c t ing t hem t o  

infusion pumps which infus ed heparinized saline ( c ontaining 25 

I . U ./ml of sodium heparin ) at a rat e of 1 ml/hr . Blood sampling 

and saline infusion wer e undertaken from a remo t e  sampl ing station 

outside t he room ho�sing t he pigs so t hat the animal s wer e unaware 

o f  these  pro c edures . 

Sampl ing c ommenced  a week aft er the cathet erization ; 8 ml 

of  blood was wit hdrawn int o heparinized tubes onc e every twenty 

min for 24 hr . Again plasma was separated  by c entrifugat ion , then 

frozen unt il assayed for LH and t e stost erone c onc entrations . 

E .  HORMONE RADIOIMMUNOASSAY PROCEDURES 

1 .  LH Assay 

a .  Mat erials and Pro c edure 

Plasma LH c onc entrat ions were estimated  by the  double 

ant ibody R9rc ine LH radioimmunoassay described by Niswender et al . 

( 1 970 ) . 

Purified porc ine  rH ( LER 786-3 , cour t e sy o f  Dr . L . E . 

Reicher t , Emery Univ ersity ,  Atlanta , Georgia ) was labelled  wit h 

1 25r using a chloramine T method based on t hat of Gr eenwood , 

Hunt er , and Glover ( 1 963 ) . Standard solut ions of  pur ified porc ine  

LH  ( LER 778-4 , also  from Dr . Reicher t ) wer e prepare d  t o  provide 

a standard c urve c orr esponding to a range of plasma c onc entrat ions 
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from 0 to 1 6  ng/ml . 
, 

Plasma samples  and standards were  assaye d in tr±plica t e  

in polystyrene tubes ( 1 1  x 7 5  mm) . To  .�ac� tube was added 200 �1 

o f  porcine LH antiserum ( c our t e sy o f  Dr . G . D .  Nis�ender , C olorado 

Stat e University , USA ) dilut ed  1 in 40 , 000 w ith 0 . 05 M EDTA 

( ethylene diamin e t etra acetic acid _ di-s odium salt ) - PBs [phosphat e 

buffered saline - 0 . 0 1  % ( w/v ) sodium merthiolat e as a pr eservativ e ,  

pH = 7 . 3  J c onta ining non- i�mune rabbit serum ( 1  : 400 ) ; 200 J.l l  o f  

standard porc ine LH solution o r  plasma sampl e ;  and 300 F l  o f  PBS 

c ontaining 1 % egg whit e .  The mixtur e was incubat e d  �or 24 hr at  

4°C a fter _ which 1 00 �1 of radioiodinat e d  porcine LH ( 50 , 000 c pm )  

was added . Aft er a furt her inc ubation a t  4°C for 2 4  hr 200 pl o f  

pr ec ipitat ing antiserum ( she ep  anti-r abb it gamma globulin serum di-

luted 1 : 25 in 0 . 05 M EDTA-PBS ) was added . Then after a final in-

cubation for 72 hr at 4°C ,  t he separat ion of bound an d unbound 

hormone was c ompl e t e d  by  c entrifugat ion at 3 , 000 r pm for 30 min at 

4°C .  The supernatant was aspirated , then t he radioac t ivity  of t he 

precipitat e  was c ount ed in a Pac kard Aut o-Gamma Sc int illat ion 

Spec trome ter  (Model 5285 ) . 

An IBM 1 620 c omput er was used t o  det ermine plasma LH 

c oncentrat ions by the method o f  Bur ger , Lee and Rennie ( 1 972 ) . 

With this t e c h�ique a best- fit expr ession for the standard c urve 

was calcula t e d ,  t hen valu�s for the  samples ( means : standar d 

deviations ) were c omput e d .  A c ompo sit e standard curve r epre sent ing _ 

t he mean values from four c onsecut iv e  assays is shown in Figure 2 . 1 .  
b .  Assay _ _ Validat ion 

The spe c i ficity o f _ the porc ine LH ant is erum was det ermined 

by Niswender et  al . ( 1 970V • These authors found t hat porc ine 
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Figur e 2 . 1  : G emp e s i t e - st andard curve (mean ! S . E .  o f  4 c on s e c u t iv e  

assays ) for porcine L H  radio immunoassay . 
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Follicle St imulat ing Hormone ( FSH ) and porc ine Thyroid St imulat ing 

Hormone (TSH ) did not affec t radioimmunoassay est imates  of LH . 

Pr e c ision o f  the assay was c hecked  by assaying 3 r e ferenc e 

plasma samples repeatedly in each o f  t he four assays . The between­

and wit hin -assay c o e ffic ients  of  var iat ion (C . V . ) for each re fer enc e 

plasma sample were : 

Plasma 
number 

1 

2 

3 

Mean LH 
C onc entration 

( ng/ml ) 

2 . 0 1 

3 . 23 

8 . 87 

With in-Assay Betwe en-Assay 

c . v . (% ) c . v . (%)  

1 4 . 00 32 . 1  

1 6 . 00 22 . 9  

1 3 . 25 1 9 . 1  

Assay sensit ivit y ,  defined as the minimal det e c table 

c onc entratio� o f  t he hormone significantly differ ent from zero  

ranged between 0 . 1 0 and  0 . 1 9  ng/ml . This range of  values corres-

ponded to  t he lowest point on the  standard curve wit h a coeffic ient 

of  variat ion equal to 50 % and with 95 % f iduc ial limit s which 

did not overlap z ero  ( Burger , Lee  and Rennie , 1 972 ) . 

Based on these validat ion t ests  it was c onsi dered that 

this assay provided reliable est imat es  of porc ine LH l evels in 

200 )ll plasma • 

2 .  Testost erone Assay 

a .  Mat er ials and Pro c e dure 

Testost erone was analyz e d  by radio immunoassay without 

chr omatography following the pro c e dure (RIA I I )  of Barrell , ( 1 976 ) .  

This was a modificat ion of  the assay of Smith and . Hafs ( 1 973 ) 

and incorporat ed some methods described by T erqui and Thimonier 

( 1 974 ) . Trit iat ed  t est�st erone ( 1 , 2 , 6 , 7  Trit iated  t e st ost erone ) 

with spec ific ac t ivity of  86 . 4  C i/m mol was obtained  from the 
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Radiochemical C entr e , Amersham , UK , whil e ant i-t e sto�t erone-3-BSA 

s erum (it S -250 ) raised in rabbit s was supplied by Dr q G . D .  Niswender . 

Ext rac tion o f  st eroid was achieved by mechanically shaking 

9 mls o f  Toluene : Hexane ( 1 : 2 )  with 500 pl of plasma in screw-

capped glass culture tubes  for 10 min . After fr eezing the plasma , 

t he solv ent phase was decant e d  int o  glass t e st tubes and dried 

un der air in a wat er bat h  at 35°C .  Tube  walls were r insed wit h  

1 ml o f  dichloromethane whic h then was evaporated  under air . Then 

500 pl of absolut e ethanol was added to  dissolv e the testosterone , 

and t hr e e  1 00 pl al iquot s  o f  the  plasma extrac t  in ethanol wer e 

dispense d  int o polystyr ene tub e s  for assay , as also were triplic at e 

1 00 yl aliquot s  o f  t e st oster one in ethanol (standard t est ost erone 

solut ions c orresp�nded t o  a range of  plasma conc entrat ions from 

zero to 50 ng/ml ) .  Aft er drying the ethanol under air ,  200 pl 

anti-testost erone ( dilut ed 1 in 25 , 000 wit h 1 in 200 non-immune 

rabbit s erum in PBS 0 . 1  % gelat in and 200 pl 3H-t e st ost erone also 

in PBS 0 . 1 % gelat in ( c ontain ing approximately 25 , 000 c pm) , were 

added t o  each tube . 0 Tubes were  incubated in a 35 C wat er bath for 

30 min , th en at 4°C for 2 hr . Fr ee and antibody bound st eroid were  

s eparat e d  by adding 300 pl o f  a 0 . 5 % charcoal suspension in 1 %  

Dextran T 70 . Tubes  were incubated  for 1 0  min at 4°C t hen  c entri-

fuged at 3 , 000 rpm for 10 min . 500 pl aliquot s  of supernatant wer e 

added t o  s c intillat ion vials with 5 ml s c int illa t i on fluid ( 9  g 

PPO ( 2 , 5-Diphenyl oxazole ) ;  300 mg POPOP ( 1 , 4  ( 2 -5 -phenyl oxa zolyl ) ­

Benzene ) ;  and 1 , 000 ml Trit on X 1 00 / 2 L Toluen� and c ount ed in 

a Beckman Liquid Sc int illat ion Counter (Model LS 350 ) for 2 min 

per vial . 

Assay results were est imat ed by an IBM c o mput er as des-

cribed for t he LH assay . A c omposite  st andard c urve from 1 1  
' 

consecut ive  assays is shown in Figur e 2 . 2 .  
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Figur e 2 . 2  C omp o s it e  standar d curve ( means + S . E .  o f · 1 1  c on s e c u t iv e  

as says ) for t e s t os t erone radioimmunoas say . 



b .  Assay Validation 

The ant iserum ut ilized in t he present assay was c harac -

t er ized by Dr . v . c .  Gay , University of  Pit t sburg and was shown t o  

cross-r eac t wit h other androgens : - Dihydrot est erone ( 6 9  %) , 
' 

3o( -androstanediol ( 1 4  % )  , and 3 f.1 -androstanedio� ( 22 %)  • Pr evious 

studies (Lindner , 1 96 1  b and Elsa esser et al . , 1 976 ) indicat ed t hat 

t hese androgens wer e present in very low conc ent rat ion in b oar 

plasma so t hat t he ir possible int erfer enc e in t he estimat ion of  

t e stost erone c onc entrat ions may be c onsidered negligible . 
I 

Parallelism o f  t he st andard curve and a c urve obta ined  by 

assaying varying quant it ies o f  t est ost erone , extrac t ed from a 

plasma sampl e ,  was checked by assaying t he sample undiluted  ( 1 1 . 45 

ng/ml ) ,  dilut ed 1 : 1 ( 6 . 59 ng/ml ) and diluted 1 : 3 (3 . 6 9 ng/ml ) in 

barrow plasma ( n  = 6 ) . 

Assay sensitivity ,  de fined as t he lowest t estost erone 

c onc entrat ion significantly different from zero , varied between 

0 . 09 and 0 . 58 ng/ml . 

Est imates o f  the within- and betwe en-assay C . V . , previously 

measure d  by Mr . P . R .  Wilson , Massey University , w ere as follow s : 

Sample Mean t e st ost erone No . of  A ssays Within Between 
C onc entration Assay Assay 

( ng/ml ) c . v . (%) C . V . (%) 

1 0 . 3 1  25 27 . 60 22 . 40 

2 5 � 07 2 7  8 . 4 1 1 3 . 36 

3 9 . 29 1 2  7 . 04 5 . 54 

Further evidence for the  validity o f  t he assay was indic a t e d  

b y  t he drop in t estostarone levels t o  b elow t he l imit o f  s ensit ivity 

of the  assay following castration  o f  5 boars in Experiment 1 . 2 .  

Also , t estost erone was not detec table in plasma c oll e c t ed from 

barrows or gilt s .  



F .  EXPERIMENTAL DESIGNS AND ANALYSES 

3 9  

Details of  t he experimental de signs and methods o f  stat is­

t ical analyses for each experiment are described  in the appropriat e 

c hapt er s .  
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C HAPTER Ill  

A LONGITUDINAL STUDY OF PUBERTAL DEVELOPMENT IN BOARS : 

INVESTIGAT ION OF THE RELATIONSHIPS BETWEEN GONADAL AND EPIDIDYMAL 

DEVELOPMENT AND PLASMA LH AND TESTOSTERONE PROFILES 

A .  INTRODUCT ION 

Relat ively little work has b e en c onduc t e d  on the  c ourse  

pubertal development in boar s . Earlier workers e stablished t he 

age of  pubertal onset by testing the  ability o f  boar s to  mat e 

(Wiggins et  al . ,  1 951 ) and by macrosc opic and microsc opic studies 

of t estic les  and epididymides ( Phillips and Andrews , 1 936 ; Hausser 

et  al . ,  1 949 ; N iwa and Mizuho , 1 954 ; McFee et al . ,  1 967 ) . 

Studies o f  the endoc rine c hanges oc curring during sexual 

maturation also hav e been limit ed . L inder ( 1 96 1  E )  used  paper 

chromatography to identify test o s t erone and androst ene dione in 

the spermatic  venous e f fluent o f  boars ; similar studies by Gray 

et al . ( 1 97 1 ) and Carlson et al . ( 1 97 1 ) comfirmed Lindner ' s  

results . Mor e  rec ently German workers ( Elsaesser e t  al . ,  1 975 ; 

Elsaesser et  al . ,  1 976 ; Ellendor f f  e t  al . ,  1 975 ; Pomerant z et al . ,  

1 974 )  have used radioimmunoassay met hods to measure plasma LH and 

t estost erone  levels in foetal , neonatal , puber tal and a dult male 

and female miniature pigs . However , as yet no report s have  been 

published  describing syst ema t ic s tudies of hormone pro files 

during pub ertal development in boar s .  Neither  hav e t here been 

adequat e studies o f  the int errelat ionships b etween hormon e profiles  

and t he stages  o f  gonadal and bo dily growth in this species . 

The experiment s desc r ib e d  in this chapter were  designed 

as a longitudinal study of  t he c ourse gonadal and epididymal 
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development during sexual maturat ion in boars , and o f  the  c onc omi­

tant changes in plasma l evels of LH and t e stost erone . Post -puber-

tall y ,  the exis t en c e  of a steroid negat iv e  feedback mec hanism was 

investigat e d  by examining the effect s  of c astrat ion on plasma 

hormone l evels . 

B .  MATERIALS AND METHODS 

1 ,  Animals and Experime ntal Pro c e dur e 

In Experiment 1 . 1 twenty four boars from six litt ers born 

at approximat ely the same time wer e sel e c t e d at random for castra­

t ion  at the  following ages : 1�,  3 ,  4,  4t , 5 ,  5� , 6 ,  7 ,  and 8 months . 

Thr e e  boar s were castrat ed at eac h age except at  4 ,  5 ,  and 8 months 

when the number was two . Body weight s were  recor ded at two we ekly 

int ervals . 

Imme diately following castrat ion , t estes  and epididymides 

were  trimmed free o f  any adhering tissue and the c ombined w eight s 

o f  left  and right t est es  and epididymides recorded . Nex t , approxi-

mat ely 5 mm thick t is su e  wedges were r emoved from the c enter  o f  

t he t es t e s  and t he body o f  epididymides and fixed in Bouin ' s  fluid 

for 24 hr before t rans fer t o  70 % e t hanol t o  await histological 

pro c essing . Fixed t issues were embedded in paraf fin wax a ft er 

aut omatic proc essing , then 5 �m sections were st ained with 

H emat oxylin-Eosin . S eminiferous t u bule diame t ers were measured  

on a microscope fit t ed with an  eyepie c e  micromet er and t he mean 

diamet er for eac h  t e st is was calcula t e d  as the mean rec orded from 

20 round tubule s ; duplicate measurement s at r ignt angles  were 

made for each t ubule (modified from the met ho d  of Skinner and � 

Van H e  er den , 1 97 1 ) ,  Mean epididymal diamet ers and mean epidifiymar· · 

,. 
t ubule lumen diamet er s  were estimat ed similarly from duplicat�;·" 
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measurements made on each o f  five  round epididymal tubules . 

Epididymal spermatozoal reserves at eac h  age were det ermined by 

making quadruplicat e direct  c ounts  of dilut ed epididymal homogenat es 

prepared  by  a t e c hnique _ similar t o  that described by Lino ( 1 972 ) . 

In Experiment 1 . 2 boars sele c t e d  from two lit t ers born 

on April 22nd 1 1 976 were bled between 09 . 00 and 1 0 . 00 h at for t -. . j 
night ly int ervals ,  from 4 1  t o  236 days o f  age . At 2 1 5 days of  age 

fiv e  boars were c ho s en randomly and c astrated whil e the r emaining 

f iv e  were kept as ent ir es . All plasma samples were assayed  for 

c onc entrat ions of LH and t est ost erone . 

2 .  Statistical Analysis 

The associat ions o f  the rates  o f  increase in t e st icular and 

epididymal weights with age and with body_  weight were estimat e d  

by  calculating their c orrelation c oeffecient s and drawing l inear 

regression lines . The slope of  the linear regre ssions was esti-

mat ed by the  method o f  least square s  with the equat ion : 

= a + b X .  � 

where yi r epr es ent s the paired  t e sticular/epididymal ewight 

and xi is the age/body weight 

Differ enc e s  in the plasma l evels o f  LH and t estost erone 

b etween castrates  and entires , and between t he two lit t er groups , 

were t ested  for signific anc e using St udent ' s  ' t '  t est . 

C .  RESULTS 

1 .  Test icular, Epididymal and Body weight s  

S e e  Tables  3 . 1 and 3 . 2  and Figures 3 . 1  t o  3 . 5 .  

Mean body weight s and weights o f  t e st es  and epididymides  

increased throughout the period o f  sampling from 43  t o  24 1 days 



, 

43 

'table 3 . 1 

Body Weight s ,  T est icular Weight s ,  Epid idymal Weight s and 

Diamet ers of Seminiferous Tubules i Epididymal Tubules and Epididymal 

Tubul e Lumina in Individual �oars . 

Boar Age Body Testis Epididy- Semini,. Epididy- Epididy-
Number (Days ) We ight We ight mal f erous mal mal 

( kg )  ( g)  Weight Tubule Tubule T ubul e 
( g )  Diamet er Diamet er Lumen 

(pm )  (pm ) Diamet er 
(pm )  

24/59 43 1 8 · 7 • 79 2 • 34 49 • 25 1 03 75 

25/6 43 22 9 · 0 1  2 . 1 4  53 . 76 1 1 2 75 

23/59 44 1 2  6 . 21 3 . 30 53 . 36 1 06 77 

23/9 89 38 33 . 48 8 . 73 77 . 5 2  225 73 

24/9 88 30 24 . 29 1 3 . 02 58 . 06 202 8 9  

21/7 94 38  49 . 79 1 3 . 09 95 . 28 241  1 00 

2 1/567 1 25 48 1 26 . 1 8 30 . 84 1 21 . 49 309 1 3 1  

24/56 1 2 9  50 66 . 76 1 9 . 93 1 05 . 6 2 233 1 07 

23/58 1 45 60 87 . 60 30 . 90 1 1 5 . 99 266 1 34 
24/57 1 44 5 1  1 1 9 . 70 34 . 00 1 1 3 . 37 307 1 42 

21/8 1 50 59  268 . 00 59 . 40 1 6 4 . 62 337 1 43 

24/567 1 6 1  55 1 60 . 93 34 . 1 0 1 49 . 43 320 1 55 

23/68 1 62 70 1 77 . 34 44 . 4 1  1 59 . 6 2  320 1 50 

25/7 1 75 8 2  301 . 60 66 . 37 1 86 . 43 4 1 0  233 

24/67 1 75 80 262 . 28 58 . 77 . 1 70 . 92 36 1 , 1 99 

24/6 1 75 80 226 . 02 56 . 42 1 86 . 73 292 1 34 

25/57 1 87 90 363 . 33 70 . 82 1 95 . 68 449 296 
23/6 1 88 90 3 1 1 • 91  73 . 73 207 . 68 4 1 2  248 

24/6 9 1 87 93 289 . 60 6 9 . 7 1  1 97 . 6 8  494 26 4 

1 9/67 2 1 6  1 1 4 4 1 3 . 62 100 . 02 21 8 . 49 480 282  

1 9/8 2 1 6  1 1 6 44.3 . 28 1 00 . 26 2 1 2 . 99 480 3 23 

20/68 2 1 6  93 466 . 33 1 04 . 77 209 . 43 504 3 46 

1 9/5 24 1 1 30 634 . 45 1 42 . 93 1 97 . 99 524 406 

1 9/57 24 1 1 23 489 . 6 8  1 1 9 . 93 21 2 . 67 456 . 284 



Table 3 . 2  

Mean Body Weight s ,  Testicular Weight s ,  Epididymal Weights and Diamet ers of Semin iferous 
Tubules , Epididymal Tubu les , and Epididyma l Tubul e Lumina in Boars Between 43 and 24 1 Days of Age . 

.Age (Days ) 

43 
90 

1 27 
1 46 

1 6 1  
1 75 
1 8? 
2 1 6  
24 1 

Body Weight 
( kg) 

1 7 . 50 
35 - 33 

4 9 . 00 

58 ;, 66 
6 2 • 50 
8o . 66 
91 . 00 
1 07 ;, 66 
1 26 . 50 

Test is We ight (g )  

7 ;.67 
32 ;, 22 

96 . 47 
1 58 ;, 26 

1 69 • 1 3  
263 ;, 30 
321 • 63 
441 :. 07 
562 . 06 

Epididymal 
weight ( g ) 

2 :. 26 
1 1 ;, 6 1  

25 • 38 
40 :. 43 
40 ;, 25 
60 ._52 
7 1 :. 4.2 

1 01 . 69 
1 3 1 . 43 

Seminif erous 
tubule 

Diamet er 
\pm)  

52 • 1 2 
76 • 95 

1 1 3 •55 

1 3 1 . 3 2  
1 54 • 52 
1 8 1 . 36 
200 • 34 
2 1 3 • 63 
205 . 33 

Epididymal 
tubule 

Diame ter 
(;rm) 

1 07 :. 5 
2 14 . 8  

266 :. 9  
303 :. 4 

320 . 0  
354 • 0  
427 • 9 
487 .; 5  
492 . 0  

Epididymal 
tubule 

Diamet er 
(,pm ) 
75 • 8  
87 . 8  

1 1 7 :. 00 
1 3 9 • 9  
1 52 • 0  
1 88 . 0  
272 :. 0  

348 .; 6  
345 . 0  

Not e : n=3 exc ept at ages 1 46 ,  1 6 1  and 241  days where only 2 animals were sample d .  

.::­.::-
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of age . The c ours e  of test icul4r growth was slight ly mor e highly 

correlated wit h body w�ight ( r = 0 . 953 , P < 0 . 001 ) t han with age 

( r = 0 . 91 9 , P < 0 . 00 1 ) .  The r egression of t est icular weight on 

b o dy weight (Figur e . 3 . 2 ) was describ e d  by the equat ion 

y = - 1 23 . 85 + . 5 . 06 x ,  while t he r egr ession of test icular weight on 

age ( Figur e 3 . 3 )  was given by the equat ion y = - 1 98 . 84 + 2 . 7 9x .  

Compared t o  t e st icular we ight , epididymal we ight was not s o  highly 

c orrelated with body weight ( r = 0 . 558 , P < 0 . 01 ) or age ( r = 0 . 593 , 

P < 0 . 0 1 ) .  The equat ion y = -25 . 427 + 1 . 1 38x described thP  r egr ession 

of epididymal weight on body we ight ( Figur e 3 . 4 ) , whil e the r el at ion­

ship between epididymal weight and age (Figure 3 . 5 )  was described 

by  the  equat ion y = -42 . 46 4 + o . 629x . 

2 .  Epididymal Sermatozoal Reserves 

For epididymides coll e c t e d  fr om boars aged between 43 and 

1 27 days epididymal spermato zoal reserves ( ESR ) were zero . At 1 46 

days o f  age , one boar ( 2 1 /8 )  with test icular development mor e 

advanced than others from it s group , had an ESR count which even 

exc eeded those from the 1 6 1  and 1 75 day old boars ; the other  two 

animals sampl ed  at  1 46 days had no epididymal sperm . Mean ESR ' s  

from 1 46 days of  age unt il t he last sampling wer e : 

at 1 46 days ; 1 . 85 x 1 07 at 1 6 1  days ; 8 . 1 4  x 109 at 

27 . 9G X 1 09 at 1 87 days ; 45 x 1 09 at  2 1 6  days ; 

241  days . 

3 .  T e�t icular and Epididymal Hist ology 

and 

5 . 54 X 1 09 

1 75 days ; 

1 30 X 1 09 at 

a .  • Seminiferous Tubule and Epididymal Tubule Diamet ers 

See Tables  3 . 1  and 3 . 2  and Figur es  3 . 6  and 3 . 7 .  

Bot h  seminiferous t ubul e and epididymal tubule diamet ers 

increased wit h  age in parallel with t he increase in t e s t icular 

and epididymal weight s ,  r e spect ively . However , after r eac hing 
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a maximum diamet er of 2 1 3  pm at 2 1 6  days of  age , no furt her increase 

in s eminiferous tubul e diame t ers occurred even though test icular 

growt h c ontinued unt il t he last sampling ( 241  days ) . In contrast 

to t ha t  pat tern , epididymal tubules c o nt inued to inc rease in dia­

met er t hroughout the s tudy , but t here was no increase in diame t er 

o f  epididymal tubule lumina between t he samplings at 2 1 6  and 2 4 1  

days ( 348 . 6  vs 345 . 0 pm) . 

b .  Qualitat ive Te sticular and Epididymal His t ology 

See Figur es  3 . 8 - 3 . 1 7 .  

Mic rosc opic examinat ion o f  t est icular and epididymal 

sec t ions reveal ed very distinct hist ological diffe�nces  between  

prepub ertal , puber t al , and  sexually mat ur e boars . 

In 43 day old boars ( Figure 3 . 8 )  s eminiferous tubules  

were  o f  small diamet er ( i = 52 . 1 2 pm)  and  lacked lumina . Only 

two t ypes of  c ells  were noted in t he semin ifer ous tubules : ( i )  

adj a c e nt t o  the basement membrane , t he support ing c e lls formed a 

single layer o f  small , irregularly s haped  c ells wit h darkly staining 

nuc l e i  and ,  ( ii )  a few larger c ells ( gono c ytes/prospermatogonia ) 

with rounded l ight ly staining nuc lei  were locat ed more c en trally . 

At t his age int erst it ial t issue c omprised t he bulk o f  t he t e s t e s  

and c onsist ed of  a f ew fibroblast s and numerous int erstitial 

Leydig c ells , whic h were c harac t eriz ed  by  eosinophilic granular 

c yt oplasm and basophilic nucleoplasm c ontaining one or two 

nuc l eoli . Epididymal sections at  t his age (Figure 3 . 9) showed 

few t ubul es wit h  narrow diamet ers ( x = 1 07 . 5  pm ) but pat ent 

lumina . These tubul es  were lined by a simple cuboidal epit helium . 

At 90 days o f  age ( Figure 3 . 1 0 )  t he following developmental 

c hanges were observed : ( i )  mean seminiferous tubule diame t er had 

incr eased to 76 . 95 pm ; ( ii )  spermatogonia and occasional primary 



Figure 3 . 8  

Figure 3 . 9  

Phot omicrograph - of a · t esticular sec t ion from a 43 
day old boar . H .  & E .  stain . X 400 . Not e : pr e domi� 

nanc e of int er stitial t is sue ( I ) ; pr esenc e o f  
gonocyt es ( g ) and singl e row · of  suppor tin� c ells 

( se ) in seminiferous tubul es . 

Photomicrograph o f  an epididymal s e c t ion from a 
43 day old boar . H .  & E .  stain . X 400 . Not e simple 
cuboidal to low c olumnar epit helium lining the 
epididymal tubule . 
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Figur e 3 . 1 0 

Figur e 3 . 1 1  

Pho t omic rograph o f  a t est icular sec t ion from a 

90 day old  boar . H .  & .  E .  stain . X 400 . Not e  t he 
inc r ease  in diame t er o f  seminiferous tubule s  and 
appearanc e of  c entral lumen ( lu ) , spermat ogonia 
( s ) , and primary spermat ocyt es  ( Ps ) . 

Phot omic rograph of  an epididymal se c t ion from a 
90 day old  boar . H .  & E .  stain . X 400 . N o t e  t he 

dev el opment o f  ps eudo strat ified c olumnar epit he-

lium and t he s t ereocil ia along the  luminal border . 
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spermat ocytes  had appeared ; ( iii ) suppor t ing c ells had star t e d to  

assume S er t oli cell  morphology ( with irr egular nuclei  and l ightly 

staining nuc l e oplasm ) ; ( iv )  lumina had b egun to  form in �Ome t ubules ; 

( v )  t he relat iv e  volume o f  int erst itial t issue had declined ; and 

(vi ) int erlobular sept a had developed and divided the t estis into 

dist inc t l obul e s .  One boar from t his group showed rela t ively ad­

vanced  t es t icular dev elopment wit h the appearanc e of seminif erous 

tubul e lumina , inc r eased numb ers of spermatogonia and a gr eat er 

numb er of primary spermat oc ytes . The t e s t ic ular weight of this 

part icular boar ( 4 9 . 79 '· g ) was well  abov e t hat of t he ot her a nimals 

cast rat e d  at t his age ( 24 . 29 and 33 . 48 g ) . Epididymal tubul e dia­

me t ers at  90  days o f  age  ( Figur e 3 . 1 1 )  had inc r eased to  2 1 4 . 8  pm.  

The  pseudostrat ified  c olumnar epit helial c ells bordering the base ­

ment membrane show ed a four fold increase in mean he ight as compared 

to  t he 43 day old group (55 . 00 � 1 3 . 33 pm) . 

S eminiferous t ubules in s e c t ions from t h e  1 27 day old boars 

( s ee  Figure 3 . 1 2 )  had inc reased in size to  a mean diame t er o f  

1 1 3 . 55 p m  a nd all exhibit ed pat en t  lumina . Inc r eased numbers o f  

spermat ogonia and a f e w  mature S ert oli c ells were ident ified in 

all boars . More c entrally were found primary spermatocyt e s  and 

a few elongat ing sperma t ids , whil e one boar had mat ur e  spermatozoa 

in some of i t s  seminif erous tubul es . There also was a further 

r educ t ion in t he proportion of int erstitial t issu� , how ever Leydig 

c ells were  s t ill numerous . The epididymal tubul es exhibit ed a 

nearly mature appearanc e at  this st age ( Figur e 3 . 1 3 ) : the  height 

of t he pseudostrat ified  co lumnar c ells inc reas e d  to a mean o f  

64 . 3 1  pm and tufts  o f  l ong s t ereoc ilia pro j ec t ing t owards the 

luminal sur fac e were  prominent ; likewise , large increases in 

epididymal tubule and epididymal t ubul e lumen diamet ers were not ed 



Figure 3 . 1 2  

Figure 3 . 1 3 

Phot omicr ograph o f  a t e sticular sect ion from a 

1 27 day old boar . H .  & E .  stain . X 400 . Note  

pres enc e o f  round spermat ids ( r ) , Sertoli c ells 

( Se ) along wit h primary spermatocyt e s  ( Ps ) and 
spermat ogonia ( s ) . 

Phot omic rograph of  an epididymal sect ion from a 
1 27 day old boar . H .  & E .  stain . X 400 . Note  
fur t her inc rease in  epididymal t ubul e lumen dia ­

met e r  and well-developed pseudo strat ified  c il iat ed 
co lumnar epit helium . 
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( x = 266 . 9  and 1 1 7 . 9 ym,  respec t ively ) . 

At 1 46 days o f  age ( Figur e 3 . 1 4 )  t he mean semin iferous 

t ubule diamet er was 1 1 3 . 32 pm , while t he mo st  not ewort hy qualitative 
i 

c hanges were the  appearanc e of mor e mature  Sertoli c ells and an 

increase in t he pr oport ion of pr imary spermatocyt es and spermatids . 

This great inc r ease in seminiferous t ubule diamet ers had r educ e d  

t he relat iv e size o f  spac es  between t he tubules and made  t he int er-

s t it ial c ells appear more c ompac t ,  however no obvious c hange in 

t he Leydig c ell morphology was observed . There was a c onsiderable 

variat ion in t he degree  of  t est icular development between t he 
' 

individual boar s . One animal c l early was mor e advanc ed t han t he 

others ( c ombined t e st icular weight = 268 . 00 g vs 87 . 60 and 1 1 9 . 20 g )  

and showed t he presence  of  spermat ozoa in the maj ority of  i t s  

epididymal tubules ; n o  other animal had epididymal sperma t o zoa . 

Evidence  o f  secre tory ac t ivity in epididymal tubules also was 

n o t ed : l ipid dropl e t s  and secret ory granules c ould be seen passing 

out of  the epit helial c ells int o t he lume n . Mean diame t ers of 

epididymal tubul es and of  tubule lumina had increased to 303 . 4 

and 1 39 . 9 flm , respe c t ively . 

At  1 6 1  days t he mean semin iferous tubule diamet er had 

inc reased further t o  1 5� . 52 pm , whil e t he c ell populat ion also 

increased gr eatly and consisted  mostly of  spermat ids and primary 

spermatocytes . No furt her reduc t ion in t he volume of int ers titial 

tissue was not ed . Leydig c ells appeared  larger with  well-de fin ed 

eosinophilic oyt oplasm and rounded nuc l e i . Nuc l eoplasm c ontained 

basophilic c oarse chromatin grunules and one or two nuc leoli . 

In  epididymal sec t ions , inc r eases in . diamet ers of  t ubules 

( 3 20 . 0  pm) and of  t ubule lumina ( 1 52 . 0  pm)  were apparent . Exc ept 

for one boar , all animals showed spermatozoa in t he epididymal 

t ubules . 



Figure 3 . 1 4 

Figur e 3 . 1 5 

Phot omicr ograph of  a testic ular s ec t ion from a 
1 46 day old  boar . H .  & E .  st ain . X 400 . Not e 
inc r easing number of - pr imary spermat ocyt e s  ( Ps ) , 
r ound sp erma t ids ( r ) , and elonga t ing spermat ids 
( e s ) , and mat ure  Sertoli c ells ( Se ) . 

Pho t omic rograph of  a t est icular sec t ion from a 
1 87 day old  boar . H .  & E .  s tain . X 400 . Not e pre­
senc e o f  immature  &permatozoa ( Is ) , and greater  
number o f  round sp ermatids ( r ) .  



5 9  



60 

By 1 87 days ( Figure 3 . 1 5 )  mean seminiferous tubule diame t er 

was virtually maximal ( 200 . 34 flm ) , and t he associations o f  different 

generations of  germinal c ells within t he tubules were similar to 

t hose seen in adul t animals .  Sertoli c ells as well as spermat o­

gonia c ould be  seen along t he basement membrane .  Pr imary sperma­

tocytes , spermat ids in various stages of nuc lear transformat ion , 

and spermatozoa were located  suc c e ssiv ely more c entrally in t he 

tubules . Aggregations o f  int erstitial c ells were disposed in t he 

angular spac es  between the seminiferous tubules . Mean epididymal 

tubul e diamet er ( 427 . 9 flm ) and mean epididymal tubule luminal 

diamet er ( 272 flm ) showed  further inc reases , but the height of t he 

pseudostrat ified epit helium had r egr essed slightly ( from 80 . 00 flm 

at 1 75 days of age t o  73 . 33 flm ) . Dense c onc entrations of sperma­

to zoa wit hin t he epididymal tubul e lumina were found in all boars 

( Figure 3 . 1 6 ) . 

At 2 4 1  days o f  age· ( Figur e 3 . 1 7 )  mean seminiferous tubul e 

diame t er was 205 . 33 ym and t he c ellular organization wit hin the 

tubules was typical of the adult t estis , as described above . 

No  apparent c hange in the morphology and distribut ion o f  Leydig 

c ells was observed . Mean epididymal tubul e diamet er ha d inc r eased 

sl ight ly ( 4 92 . 0  ym) and all lumina were fill ed with dense masses 

o f  spermat o zoa s eparated from t he sur fa c e  o f  the epithelium by 

tufts o f  long stereoc ilia . 

4 .  Plasma LH Conc entrat io�s 

See Table 3 . 3  and Figure 3 . 1 8 .  

Mean plasma LH conc entrat ions . during the sampling perio d 

ranged fr om 0 . 20 t o  2 . 1 9 ng/ml plasma . Rel&t ively low mean levels 

( 0 . 20 - 1 . 25 ng/ml plasma ) were recorded between 4 1  and 82 days 

of age , t hen between 1 1 0 and 1 52 days higher mean levels ( 1 . 35 -



Figur e 3 . 1 6 

Figur e 3 . 1 7  

Phot omicrograph of  an epididymal sec t ion from a 

1 87 day old boar . H .  & E .  stain . X 400 . Note  the 

presenc e of  spermatozoa in epididymal tubule lume n .  

Phot omic rograph o f  a t e s t ic ular sect ion from a 
24 1 day old boar . H .  & E .  s tain . X 400 . No t e  

ma t ur e  appearanc e of  the t e stis a t  this age . 





AGE 
( Days ) 20/5 

4 1  1 . 05 

54 0 . 1 2  

68 0 . 25 

82 O o 91 
1 1 0 1 . 08 

1 24 2 . 30 

1 38 0 . 7 4  
1 52 2 . 19 
1 66 O o 26 

1 80 0 . 39 
1 94 1 . 38 
208 1 • 07 
222 O e 38 

236 0 . 49 

AGE 

( Days ) 

222 

236 

Table 3 o 3  

Plasma 1H Levels o f  Boars Aged 4 1  t o  236 Days and o f  Barrows Aged 222 and 236 Days . 

BOAR NUMBER 
20/9 20/6 1 9/5 1 9/57 20/58 20/60 1 9/8 1 9/567 1 9/67 

2 . 4 1  1 • 95 o . 46 1 . 46 1 ;,  45 1 o 08 0 • 25 o . 64 1 . 75 
o . oo 0 • 1 5 0 • 2 1 o . oo 0 . 1 0  0 . 04 o . 68 o . oo 0 • 03 
0 • 59 1 . 1 3 0 • 92 1 o 08 1 d0 0 . 57 o . 89 1 . 54 1 • 1 6 

0 . 41 1 . 06 1 • 22 1 .  1 1  1 • 53 o . 6 9 1 • 1 7 1 o 22 0 . 83 
1 . 27 4 . 46 O o 90 2 . 74 1 . 33 1 o 58 4 • 1 7  1 . 6o 2 • 85 

-

2 • 33 O o 91  1 . 43 3 • 29 1 .; 08 3 . 23 2 •·00 1 • 00 1 . 46 

1 . 27 1 • 1 2 1 • 1 8 0 . 66 1 • 67  o . 85 3 • 1 4 1 •  20 1 • 67 

1 . 32 1 • 84 0 . 6 9 1 . 50 1 . 1 7 1 . 72 3 . 03 1 • 1 2  1 • 1 6 

0 • 74 0 • 59 o . 86 1 • 2 1  0 • 94 0 . 94 0 • 95 o . 6o 0 • 90 

O o 25 1 • 1 6. o . 4 1  0 . 5 1  o . 66 0 • 5 1  O o 36 O e 35 o . 47 

0 • 7 1  1 • 36 0 . 8 1 1 • 84 1 • 0 1  0 . 94 o . 84 0 . 6 9 0 . 93 
1 • 0 1  0 . 97 0 • 54 0 . 79 0 . 88 0 . 72 0 . 47 0 . 82 0 . 89 

0 . 97 0 . 57 0 · 53 0 . 35 

1 . 05 o .  96 0 . 30 1 . 3 1  

BOARS CASTRATED AT 2 1 5  DAYS OLD 

2 . 1 2  2 . 02 1 . 66 1 .  27 1 . 02 

2 . 2 1  1 o 43 0 . 7 1  0 . 79 1 . 09 

Mean ± S . E .  

1 . 25 ± 0 . 21 
0 . 20 ± 0 . 06 
0 . 94 + 0 . 1 2  

1 o 0 1  ± 0 . 1 0 
2 . 1 9  ± o . 4o 
1 • 90 :t 0 • 27 
1 . 34 :t 0 . 22 
1 • 63  :!: O o 23 
0 . 79 :t o . o8 
o . 5o + o . o8 

1 • 05 :t 0 . 1 1  
o . 8.1 + o . o6 
0 • 56 ± 0 • 1 1  
0 . 82 + 0 . 1 8  

Mean + S . E . 

1 . 6 1  ± 0 . 2 1 
1 . 24  + 0 . 27 

0\ 1\.) 
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2 . 1 9 ng/ml ) �ere obtained . Sub sequently mean LH levels declined  

to between 0 . 5  and 1 . 0 ng/ml . 

When t he longitudinal LH secretory  profiles from individual 

animals were . inspec t e d ,  t he above general pat t ern was seen to o c c ur 

in all boars . Ther e were however , slight variat ions in the  ages 

at  which t he pubertal p eak of secret ion was recor ded , and also in 

the relat ive magnitude of peak. The longitudinal pat t erns of LH 

sec ret ion for boars derived from each lit t er showed similar pro fil e s  

( Figur e 3 . 1 9 ) . Comparison of  t he ov erall mean LH lev els o f  the  

t wo lit t er groups r ev ealed no significant difference  ( ! ( 1 8 )  = 

0 . 09 ;  p > 0 . 05 ) . 

5 .  Plasma T estost erone Concentrat ions 

See Tabl e 3 . 4  and Figur e 3 . 20 .  

Mean t e stost erone levels were uniformly low ( 0 . 1 0 - 0 . 27 

ng/ml plasma ) unt il 82 days old . At 1 1 0 and 1 24 days t e st ost erone 

l evels progressively incr�ased and a maximal mean value o f  8 . 00 

ng/ml plasma was r e c orded at 1 38 days old . Following t his pe�k 

t estost erone l evels declined during the 3 subs equent samplings 

to a value of 1 . 58 ng/ml plasma at 1 80 days . A second t e stosterone 

peak ( 7 . 73 ng/ml pla sma ) was obtained only at t he 1 94 day sampling ,  

t hen subsequently , l ev el� fell and fluc tuated  from 1 . 40 to  3 . 80 

ng/ml plasma during t he last 3 samplings ( 208 to  236 days of  age ) . 

Exc ept for one boar ( 20/6 8 )  for whic h only t he first peak was 

not e d , the above general pat t ern o f  t estost erone secre-

tion was exhibit e d  by  all  t he boars . When t e stosterone l evels  of  

the two  litt ers were  compared ( Figure 3 . 2 1 ) similar pro f iles but 

dif ferent plasma conc entrat ions were observed . Boars fro m lit t e r  

1 9  c onsist ently had higher mean t e s t o s t erone l evels t han those 

from lit t er 20 ( overall mean leve'ls ' we�e 3 . 24 � 1 . 9 1  ng/ml ; 
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Tabl e� 
Plasma T e stost erone Levels of Boars Aged 4 1  t o  236 Days and of Barrows Aged 222 and 236 Days • 

. 

:AGE BOAR NUMBER MEAN + S . E . 

(Days ) 20/5 20/9 20/6 1 9/5 1 9/57 20/58 20/68 1 9/8 1 0/567 1 9/67 

4 1  0 - 32 0 . 25 0 ;. 29 o . 46 o . o8 o . oo 0 . 6 1  0 ;. 09 0 ;. 96 o .  95 0 ;. 40 + 0 . 1 0  

5 4  1 . 1 5 0 . 37 0 ;. 35 o . oo 0 ;. 00 0 ;. 47 0 ;. 07 0 ;. 25 0 . 1 8  I 0 ;. 46 0 . 33 :!: 0 ;. 1 0  

68 0 . 20 0 . 20 0 . 54 0 ;. 65 0 ;. 1 8  o . oo 0 ;. 0 1  0 ;. 35 0 ;. 46 0 ;. 23 0 . 28 + o . o6 

8 2  0 . 4 1 o . oo 0 ;. 23 0 ;. 22 0 ;. 21 o . 48 o . oo 0 ;. 09 1 ;. 08 o . oo 0 ;. 27 ! 0 . 1 1  

1 1 0 1 . 23 o . oo 0 ;. 83 0 ;.  90 0 ;. 53 0 . 05 0 . 02 0 ;. 03 2 ;. 25 - 0 . 75 0 ;. 60 :!: 0 . 25 

1 24 0 . 8 1 2 . 34 0 . 27 2 ;. 15  6 ;. 85 0 ;. 44 0 ;. 92 2 ;. 07 2 e 3 1 2 . 52 2 . 06 :t 0 . 59  

1 38 3 • 49 5 o 35 5 • 37 22 ;. 86 5 ;. 65 6 .  96 0 ;. 52 8 . 35 1 7 ;. 60 3 • 85 8 ;. 00 :!: 2 . 1 7 

1 52 2 . 82 5 • 21 4 ;. 01 7 ;. 66 8 ;. 66 5 . 28 1 ;. 29 7 ;, 49 3 • 1 3 3 • 1 7  4 ;. 87 :!: 0 . 76 

1 6 6  0 ;. 91 5 . 04 0 ;. 22 1 ;.  86 4 ;. 97 0 ;. 38 0 ;. 59 3 • 34 8 ;. 54 0 ;. 27 2 ;. 6 1  :!: 0 ;. 88 

1 80 2 ;. 22 0 . 78 2 ;. 30 0 . 38 2 ;. 04 0 ;. 0 1 - 3 • 23 1 ;. 68 2 ;. 53 0 ;. 70 1 . 58 :t 0 .. 03 
1 94 5 • 75 7 . 8 1  1 3 . 1 8  3 ;. 4 1 9 • 47 4 ;. 27 6 ;. 00 6 ;. 1 0 5 • 28 1 6 ;. 03 7 . 73 :t 1 . 23 

208 1 . 05 1 . 05 1 ;. 08 4 . 26 1 .  94 3 . 1 1  1 . 00 3 . 05 1 . 40 1 . 30 1 ;. 92 :t 0 . 36 

222 0 . 88 2 . 54 0 . 36 0 . 82 2 . 4 1 1 ;. 40 + 0 . 44 

236 3 . 20 4 . 5 4  3 . 1 6 6 . 42 1 . 68 3 . 80 + 0 . 79 

BOARS CASTRATED AT 2 1 5  DAYS OlD 
AGE - Mean + S . E .  

(Days ) 
222 0 . 07 0 . 28 0 . 10 0 . 25 0 . 24 1 . 1 8  ± o . o4 

0"1 
236 0 . 01  o . oo o . oo 0 . 1 0  0 . 29 0 . 08 + 0 . 05 0"1 
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!( 1 8 )  = 3 . 76 ;  p < 0 . 00 1 ) .  

6 .  Effec t s  o f  Castrat ion on Plasma LH and Testost erone 

6 9  

C onc entrations ( See  Table 3 . 3  and 3 . 4  and Figures  3 . 1 8  and 3 . 20 )  

Aft er cast rat ion o f  5 boars a t  2 1 5  days o f  age t he mean 

plasma LH l evels at 222 and 236 days in castra t e s  ( 1 . 43 ng/ml ) 

was significantly higher ( ! ( 1 8 )  = 2 . 26 ;  P <  0 . 05 )  than t he mean 

r e c or ded from the 5 entir e  boars ( 0 . 6 9  ng/ml ) .  T estost erone l evels  

f ell marke d ly following c astrat ion so t hat the  mean value obtained 

at t he last two samplings from the boars ( 2 . 60 ng/ml ) was signifi­

c antly higher t han t hat from t he barrows (0 . 1 3 ng/ml ) ( ! ( 1 8 )  = 

4 . 1 9 ;  P < 0 . 00 1 ) .  In fac t , t he mean plasma testosterone l evel 

r e c orded from t he barrows was below - t he l imit of  t he sensit ivity 

of  t he t e s t ost erone assay , as de fined in C hapt er II . 

D .  DISCUSS ION 

For t he present study , puberty has been  defined as the 

p er iod  during whic h t here is rapid gonadal development associated  

with  the  e stablishment o f  spermat ogenesis and t est icular androgen 

secret ion . This is in l ine  with the c onc ept of Skinner and Rowson 

( 1 968 ) , Donovan and van der Wer ff t en Bos c h  ( 1 965 ) and Linc oln 

( 1 97 1 ) ,  who also r e f erred to puberty as a perio d of development 

rat her t han as a particular point in t ime . 

Results from t he serial castrat ion exper iment showe d  t hat 

progressiv e  inc reases in t est icular weight occurred t hroughout 

t h e  period of  sampling , but wit h the great est rate of inc rease 

b eing not ed  between 1 27 and 241  days of a g e . Exc ept for t he fac t 

t ha t  the present study t erminated  before a definit e plat eau was 

r eache d ,  t hese resul t s  c orresponded with those o f  Niwa and Mizuho 
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( 1 95 4 ) , McFee et  al . ( 1 96 7 ) , and Egbunike and Steinbach ( 1 972 ) , 

all of  whom noted  sigmoid c urves o f  t est icular growt h .  Parallel  

incr eases in  other paramet ers studied ( e . g .  seminiferous tubule 

diamet er , epididymal weight , epiaidymal t ubule diamet er and epidi­

dymal t ubule lumen diame t er ) were observed dur ing t he period o f  

rapid t e st ic ular growt h ,  indicat ing t hat development of  t hese 

struc tures  probably was c o ordinated by the same or relat ed  endo­

c rine mec hanisms . Test icular growth c ont inue d in t he period after 

the maximal seminiferous t ubule diamet er had b e e n  reached , pre suma­

bly due to  a c ont inuing increase in l engt h and t ortuosity o f  the 

t ubules . An increase in the  amount of  int ers t it ial t issue pro ­

bably also occurred be cause in t he lat er stages of  t he experiment 

the relatively large proportion of t his t issue was maintaine d ,  

even when t he seminiferous tubules wer e gr owing rapidly . 

Generally , it was observed t hat boars with advanc oo sperma­

t ogen esis had gr eater body and t esticular weight s .  This observat ion , 

as well as the highly significant c orrelat ion obtained between 

body weight and t est icular we ight , implied that boars with great er 

body and great er  t e st icular w eights have an earl ier onset  of  sperma­

t ogenesis . Similarly , t he invest igat ion o f  N iwa ( 1 95 4 )  indicat ed 

t hat boars growing .at normal rat es  had gr eater t e sticular we ight s 

and a n  earlier onset of  spermat ogenesis than did boars whic h were 

growing subnormally . Als o , Wiggins et  al . ( 1 95 1 ) report ed that 

heavier prepub ertal boars reached puberty earlier t han  light er  

unt hr ifty boars . 

Epididymal sperm�t ozoal reserves ( ESR ) w ere  z ero prior to  

1 46 days of  age whic h was t o  be expe c t ed sinc e t he first appearanc e 

o f  sperm in the epididymal histological sectio ns was first not e d  

only at  t his age . T h e  higher mean ESR c ount rec orded from epidi-
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dymides o f  t he 1 46 day old boar s ,  rat her than t he 1 6 1  day o l d  ones , 

was due t o  t he exc ept ionally advanc ed reproduc t ive development of  

one of  t he younger boars . ESR values rec orded f rom individual 

boars �11 were c ompat ible wit h their respec tive epididymal weights 

and epididymal hist ological data . Values obtained from t he boars 

aged 24 1 days agre ed  with the findings o f  Egbunike et  al . ( 1 975 ) , 

and al so were closer t o  � he t heoretic al ESR values ( calc ulat ed  using 

t he formula of Dot t and Skinner ( 1 96 7 )  for rams : ESR = t est icular 

weight x 0 . 0 1 22 x 1 09 x 1 3  to 1 5 )  t han w ere those for younger boars . 

Between 1 46 and 2 1 6  days of age the actual ESR values were  muc h 

low er than t he theor e t ical ESR calcula t e d  from the above formula ; 

t hese result s were  not  �urprising sinc e full s exual mat urity in 

domest ic boars is not attained unt il beyond 8 - 1 0  mont hs of age 

(Niwa and Mizuho , 1 954 ; Egbunike and St einbac h ,  1 972 ) , hen c e  t e s t es 

o f  an imals younger t han 8 months w ould not hav e had a full sperma­

t ogenic yield . Leman and Rodeffer ( 1 976 ) fur t her c laimed that 

sperm produc tion in domest ic boars increased progressively unt il 

1 8  months of  age . 

Qualita t ive  hist ological analysis o f  the t estes  showed t hat  

a t  43  days the t es t es were  immatur e ;  seminif erous tubul es lacked 

lumina and possessed only the precursor c ells of sperma t ogonia 

and Sertoli c ells . From 90 days onwards germ c ells start ed  t o  

evolve in a progr e ss ion which generally agre ed with the findings 

of N iwa and Mizuho ( 1 954 ) and McFee et  al . ( 1 967 ) : on the  average , 

sperma t ogonia and primary spermat ocyt es were  not ed at  90 days 

c oinc ident with t he format ion . o f  lumina in the seminiferous t ubules , 

while spermat ids and spermatozoa wer e observed at 1 27 and 1 46 days 

of age , respect iv ely . The boars at th�se  ages had r espec t ive mean 

body weight s of 35 . 3 ,  4 9 . 0  and 58 . 6  kg . Individual animals showed 
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wide variat ions in t he t iming of appearanc e of  particular genera-

t ions of spermatogenic c ells . For instanc e ,  the a0es of  appearanc e 

of  sperm in seminiferous 1ubules ranged from 1 27 t o  1 6 1  days and 

in epididymal tubules from 1 46 to 1 87 days . 

The morphogenesis of  S ert oli c ells was evident at 90 days 

when t he nuc lei  of support ing c ells l ost their deeply staining 

basophilic granules �nd nuc lear chromatin b ecame dust-like in 

appearanc e .  However , t he typical adult appearanc e of t he Sertoli 

c ells  ( wit h folded nuc l ear membrane s  and retic ular fibr il s  ext ending 

t owards t he lumen ) became evident only at  1 46 days of age when 

e longat ing sp ermatids had inc reased in numbers and aggregated  

around the  Sertoli c ells . 

T he exac t role played by Sert oli c ells is not well known 

but t heir cyt olo gical struc tur e  (Vilar et al . ,  1 970 ) , and their 

part icular posit ion in relat ionship to the germ c ells were c onsi-

dered to  be indicative of secretory , nut r itiv e  and endocrine roles . 

Rec ent evidenc e indicat es t hat Sertoli c ells are t he specific 

target c ells of FSH in t he tes t e s ; At is c laime d t hat with the 

mediation of  c yc lic AMP , FSH induc es the  produc tion o f  androgen 

b inding prot e in whic h in t urn fac ilitates  the accumulation of an-

drogen in t he germinal epithelium ( Hansson et al . ,  1 976 ; 

Fac unding e t  al . ,  1 976 ) . Pr esumably , t he rise in FSH prior t o  
� 

pubert y ,  as repor ted  in other spec ies ( Le e et al . ,  1 97�; Payne 

et al . ,  1 977 ) , is necessary to  induc e t he maturat ion o f  t he Sertoli 

c ells whic h in turn fac ilitat es  t he onset o f  spermatogenesis . 

A remarkably large propor t ion o f  int er s t itial t issue c o n-

t aining numerous Leydig c ells was part icularly obs erv ed . in t he 

pr epubertal t estes  sampled in t he castration experiment . This 

attribut e  is c onsider e d  to be  c harac t eristic  of t he porc ine species  
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(Sisson and Grossman , 1 953 ) . If t he c ommon assumpt ion t hat t he 

l evel o f  androgen varies wit h the number of  Leydig c ells  is t rue , 

one might expec t t o  recor d  exc ept ionally high plaoma levels of  

t est ost erone even at t his early stage o f  reproduc t ive  development . 

However , this assumpt ion is valid only for mat ure  funct ioning Leydig 

c ell s , which could not be demonstrat ed  by the simpl e llema t oxylin-

Eosin st aining t ec hnique ut ilized . Spec ial staining t e chniques  

( e . g .  Thr eadgold ' s  met hod for d emons trating lipids , T hr eadgold , 

( 1 957 ) or histochemical localizat ion of  androgen biosynthet ic 

enzymes (Hay and Deane , 1 966 ; Baillie et al . ,  1 966 ) ar e requir e d  

t o  demonstrate  t he func t ional int egrity of  Leydig c ells . Numerous 

Leydig c ells and a few fibroblasts were observed in 43 day old 

test e s  and c omparison of t hese  c ells with t hose from t �stes  at 

pubertal and post-pub ertal ages rev ealed no con spic ous morphological 

di ffer ence  as far as staining a ffinity o f _ t he cyt o plasm and nucl e i  

wer e c onc erne d .  The pres enc e o f  vacuoles , which has been  regar d e d  

a s  a morphological indicat or o f  secretory  activity also was only 
I 

minimally manifested  in t he Leydig c ells o f  pub ertal and adult 

boar s .  Similar observations were  not ed  by other i nvest igators 

( r eviewed by Hooker , 1 970) . Hooker ( 1 970 ) also r eported  no  con-

spicous change in t he numb er and struc ture of  Leydig c ells during 

puberty in bulls , despit e t he inc rease in pla sma t estost erone 

levels  o c curing at this stage (Rawlin gs et al . ,  1 972 ; Secchiari 

et al . ,  1 976 ) . In this experiment , the low t e st ost erone levels 

observed pr epubertally indicat ed t hat t he numeroun Leyd ig c e lls 

during t his immature stage were  not fully func t ional . 

Pro files of  LH and t e st ost erone secretio n  displayed dist in c t  

el evat ions during puberty . T he rise i n  plasma L H  c onc entration s 

a t  t his  stage c ontrast ed  with the finding of  Elssaeser e t  al . ( 1 97h �) 
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who r e c orded r e lat iv ely constant pr epubertal LH levels in 

miniatur e boars . Nevert hless , in humans ( Yen et al . ,  1 969 ; August  

et al . ,  1 972) , ram 1ambs (C ouro t  et  al . , 1 975)  and rat s ( Swerdl o f f  

et a l . ,  1 973 ; Ra�irez , 1 973 ) , dist inct  increases i n  L H  secret ion 
0 

at or  b e fore the  onset of  puberty  have been  observ e d .  

The longitudinal profile o f  t estosterone secret ion generally 

c on fo rmed with t he findings of Carlson et  al . ( 1 97 1 ) ,  Gray et  al . 

( 1 97 1 ) ;  Elsaesser et  al . ( 1 976 � ) ; and Andresen ( 1 976 ) . The first 

two groups of  invest igat or s  observed  maximum t estost erone levels in 

spermat ic v e in blood dur ing pubert y and l ower l evels at  8-9  months 

of  age . Radioimmunoassay measur ement o f  t estost erone l ev els in 

peripheral plasma by Elsaesser et al . ( 1 976 �) and Andr esen ( 1 976 ) 

also confirmed a mar ked increase  in secret ion o f  t he hormone at  

puberty .  Also , t he lat t er author noted  a dec line o f  t e st ost erone 

s e c r e t ion between 1 70 and 205 days of age , but no  suc h  decline was 

r eport e d  by  Elsaesser e t  al . ( 1 976 � ) . This variat ion between 

papers  may hav e been due t o  age differenc es sinc e the study of  

Elsaesser et  al . ( 1 976 �)  t erminated  when the boars were 1 2  w e e ks 

o f  age ; however they c laimed t hat miniatur e  boars have alr eady 

at tained sexual mat urit y  by this age . Pr obably t his differenc e 

in age o f  s exual dev elopment should b e  int erpr e t e d  as indicat ing 

that miniature swine are of limit e d  value for studies of puberty 

in domestic br e eds . 

Meussy Dessole ( 1 976 ) de scxibe d  a t estost erone profil e 

wh ich was c hara c t erized by large ris es at 5 and 1 7  days a ft er 

b irth ,  d ec lined pre pubertally , then inc reased progressiv ely during 

puberty with high value s  b e ing maintained in the a dult boar s ; this 

pat t ern o f  androgen secretion c onformed with ��o files r epor t e d  in 

human males  ( Frasier e t  al . ,  1 96 9 ;  Roth e t  al . ,  1 973 ) but is at  
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varianc e with t h e  present r esul ts and wit h the o t h er porc ine 

r eport s  mentioned with r e s�ect  to t he post -pubertal dec line o f  

t es t o s t erone c onc entrat ion . Also , i t  c onflic t s  with findings o f  

Elsae sser et � al . , 1 976 �) and Ford and Schanbac her ( 1 977 ) who not e d  

l o w  a n d  c onstan t  t e st ost erone l evels dur ing t h e  f irst 5 we eks o f  

post -natal lif e . 

A feature of  the t e st ost erone profile desc ribed  in the 

pr e s ent study which was dif fic ult t o  understand was the isolat e d  

peak at 1 94 days o f  age . Sexual st imuli from est rous sows o r  gilts  

during t hat part ic ular sampling c ould hav e  been  a fac t or as Andr e -

sen  ( 1 976 ) r epor t e d  a marked inc r ease i n  t esto st e rone levels a few 

minutes  after mating .  However , t he effect  of sexual s t imuli  and 

c opulat ion on t e stost erone secretion r emains uncl ear in boar s ; 

Ellendorf f  e t  al . ( 1 975 ) observed no significant c hange in pla ema 

t est ost erone l evels a ft er c opulat ion although LH l evels were 

s ignificantly el evat e d .  

The histological ·data and the profiles  o f  LH and t estos-

t erone obtained in  the  present study support e d  t h e  view that rapid 

t es t icular dev elopment during pub erty is due to inc reased gonado -

t rophin and t estost erone sec ret ion . The role o f  LH in syn ergizing 

with FSH to indu c e  spe rmatogenic ac t ivity app ears to b e  sec ondary 

t o  its dir e c t  st imulat ory a c t ion  on t he secretion of androgens , 

which in turn induc es import ant physiological and behavioural 

c hanges  during puberty . Androgens st imulat e · t he  development o f  

th e a c c essory organs o f  r eproduct ion �which in t his study was 

indica t e d  by the nota?le  inc reases in epididymal we ight , epidi­

dymal tubul e diame t er , epididymal tubule lumen diamet er and 

height of epididymal pseudostratified epit helium . These parame t er s  

have b e en s hown to  b e  highly androgen dependent i n  other species  
' ' 



75 

(Skinner et al . ,  1 968 ; Lincoln , 1 97 1 ) .  The inc reased levels o f  

androgens undoub t edly also had a ma j or role in t h e  es tabl ishment 

of spermat ogenesis , ac ting in synergy wit h FSH (C ourot  et  a l . , 

1 970 ; Steingerger , 1 97 1 ) .  The crit ical requirew ent  for androgen 

in  t he meiotic  d � isio� of pr imary sperma t oc y t e s  and dur j.n g the  

format ion o f  spermat ids has been described (Lostroh , 1 963 ; St einber­

ger , 1 97 1 ) , henc e the gr eat er l evels of  androgen during puberty 

presumably are required for induc t ion o f  spermat ogenic a c t ivit y .  

Po st -pub ertal castrat ion o f  5 boars clearly demonstrat ed 

t he exis t enc e of a dynamic negat iv e feedback relat ionship between 

LH and t e stost erone . Testost erone levels fell  to  below t he l imit 

of sensit ivit y  of  the assay whil e LH levels rose significantly . 

This finding was in conformity wit h the concept t ha t  t e st ost erone 

n egat iv e feedback is t he predominant regulator of LH secretion 

( L e e  et al . ,  1 972 ; St ewart -Bentley  et al . ,  1 974 ) . 

Betwe en-lit t er compar isons of  mean of  LH and t e st ost erone 

l evels rev eal ed  a significant , (P < 0 . 00 1 ) differenc e in te stost erone 

l ev el s ,  but not  in LH c onc entrations (P > 0 . 05 ) . The import anc e 

o f  t his fj nding is not obvious as ther e was no ev idenc e that  animal s 

with  higher androgen l evels reached pub erty or sexual matur ity at 

un earlier  o g e  than thooe from the o t her l it t er . 



C HAPTER IV 

TWENTY-FOUR HOUR PLASMA PROFILES OF LUTEINIZING HORMONE 

AND TESTOSTERONE IN PUBERTAL AND POST-PUBERTAL BOARS 

A .  INTRODUCT ION 

76 

S inc e t he advent o f  radioimmunoassays t o  measure plasma 

hormone l evels , experiments  involving frequent blood sammpling 

t ec hniques  have shown that  for several spec ies , LH and t estos t e­

rone ar e secr et ed  int o  the blood  in a pulsatile rather t han 

c ontinuous manner (Naft olin e t  al . ,  1 973 ; Kat ongole et  al . ,  1 97 4 ; 

Ell endor f f  e t  al . ,  1 975 ; Sanford et  al . ,  1 976 ) . The exist enc e o f  

diurnal c yc licity in plasma levels o f  gonadotrophins is st ill 

disput ed , but it is generally agreed  tha t  no diurnal rhyt hm of 

LH secret ion oc curs in adult human males ( Boyar e t  al . ,  1 97 2 ) , 
bulls ( Smith e t  al . ,  1 973 ) , rams (Sanford et al . ,  1 974 ; Barrell , 

1 976 ) or boars ( Ellendor ff e t  al . ,  1 975 ; Sanford e t  al . , 1 976 ) . 

However , studies wit h pub ertal human males  have r evealed a noc ­

tur nal augmentation o f  LH and t estosterone secretion during the  

(rapid eye  movement ) REM st age of  sleep  (Boyar et  al . ,  1 974) . 

Dat a  on t estost erone 24 hr secretory pro fil es  in adult 

mal e s  of several species  also has been c onfict ing ; while Ell en­

dorf f  e t  al . ( 1 975 ) not ed  a diurnal variat ion in boar s ,  no suc h 

variat ion was observed by Sanford et  al . ( 1 976 ) . Similar disc r e ­

pan c ies have b e en repor t ed f o r  men ; some invest igatmrs claimed 

the pre s en c e  of di�rnal perio dic ity (Rowe et al . ,  1 97 4 )  while 

ot hers c ould not demonst rat e any such c yc l icity ( Boon e t  al . ,  

1 972 ; Hudson e t  al . ,  1 967 ) . Significant diurnal varia t ions in 

t e s t ost erone secretio n  also w ere  report ed  in adult male monkeys 
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( Go odman e t  al . ,  1 97 4 )  and stallions ( Sharma , 1 976 ) , but not in 

rams ( San f o r d  et a l . , 1 971q Ka L ougo l e  e t  u l . ,  1 9'/ /q B11r r e  I 1 ,  1 976 ) .  
To  dat e no report has been publ ished desc ribing t he 24 ·hr 

pro files o f  LH and t e stosterone secretion in pub ertal boar s . The 

experiment described in t his c hapt er was an investigation of t he 

s ec r etory profiles o f  LH and t e stost erone in bot h pubertal and 

post -pub ertal boar s , throughout 24 hr per iods . In part icular , 

it was de signed as an invest igat ion o f  the  eff e c t s  o f  stage o f  

sexual development on : mean plasma l evels o f  LH and t estost erone , 

patt erns of  secret ion o f  these hormones , and their t emporal 

relationships within the 24 hr periods . 

B .  MATERIALS AND METHODS 

Four pubertal ( 1 1 8  days old)  and thr e e  post -pubertal 

( 24 1  days old)  boars were sub j ec t ed to 24 hr blood sampling on 

July 29 and Novemb er 29 , 1 976 , r espe c t ively . T hese  boars were 

selec t e d  at  random from the group of animals utilized in Experi-

ment 1 . 2 .  A fourth  post -pub ertal boar c ould not be  restrained 

a dequat ely to allow the j ugular cannula e to be maintained , and 

had to b e  excluded from this experiment • 
. 

The animals were fit ted  with indwelling jugula! cat heters 

(as  described  in C hapt er II ) t hrough which e ight millilit ers of 

blood were wit hdrawn every 20 min for 24 hour s . Plasma sample s  

were assayed for L H  and t estost erone c oncentrat ions . 

Prior t o  stat ist ical analysis , all estimates  o f  hormone 

concentrat ions w ere transfromed to logarithms using t he formula 

log hormone c onc ent ration = 1 00 log 1 0  ( ;r  + 1 . 1  ) , 

where � = plasma hormone  concentra t ion (ng/ml ) . 
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The t ransformed values for each boar were progressively summe d in 

the order o f s�mpling to form a series of c umulat ive t otals . The 

r egression c oe f fic ients of  t his cumulat ive  dist ribut i on against 

t ime were t e st ed  for linearity by analysis of varianc e ,  t hen 

used as paramet er s  of hormone secret ion rat es , for ' c omparing t he 

plasma hormone l evels o f  the pubertal and post pubertal boars . 

Betwe en-age c omparisons o f  the gradi ents o f  cumulativ e  hormone 

dist ribut ions were per formed using Student ' s  ' t '  t es t . 

C .  RESULTS 

1 .  LH 

At t he pubertal sampling , all boars exhibit ed dist inc t 
• 

fluc tuat ions in c irculat ing LH levels whic h were  c onsist ent with 

an episodic secretory me chanism ( S e e  Figure 4 . 1 ) .  The frequency 

and magnitude of peaks ( defined as an el evation in hormone level 

of greater  than 1 ng/ml ) varied widely betwe en boars . Four peaks 

w ere  recorded in boars 1 9/5 , 20/58 , and 20/6 wit h maximal values 

ranging from 2 . 44 - 3 . 68 ng/ml , whil e boar 1 9/8 e xhibit ed  3 peaks 

whic h ranged in magnitude from 2 . 05 to 4 . 38 ng/ml . Most o f  these 

peaks o c c urred as a single pulse  and dec lined to approximat ely 

half t he peak value wit hin 20 minut es . Their o c c urrenc e was 

randomly distr ibut ed t hr oughout t he sampling period with no 

evidenc e o f  any c ircadian periodicit y  nor was there  any effect  of  

environmental light ing • . The ov e�all mean . plasma conc entrat ions 

of LH in the  pubertal boars was 0 . 82 ng/ml . 

LH pro files  o f  post pub ertal boars ( Figure 4 . 2 )  also 

showed an episodic natur e of  hormone secretion , but the sec ret ory 

episodes were  very muc h  suppressed and no elevat ion of LH levels 

gr eat er t han 1 ng/ml was not e d .  The overall mean LH c onc entration 
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t hroughout t he sampling period was 0 . 39 ng/ml . 

C omparison of  mean LH l evels , by t esting the significanc e 

of  diff erenc es in cumulat iv e  LH di stribut ions against t ime , c onfirme d  

that t h e  gonadotrophin lev els  were  higher in pub ertal t han in post­

pub ertal b oars (! ( 5 )  = 8 . 85 ,  P < 0 . 00 1 ) ,  ( Figur e 4 . 3  and Table 4 . 1 ) .  

2 .  Test ost erone 

Twent y-four hr pat t erns of t e stost erone secret ion in t he 

pubert_al boars (Figure 4 . 4 ) a lso were of  a pul sat ile naure , · but 

the t e stost erone pul ses were  not as fr equent as t hose  of LH . Two 

boar s ,  1 9/5 and 1 9/8 , displayed ma j or t estost erone peaks ( 5 . 45 

and 9 . 44 ng/ml , respe c t ively)  along with other pulses o f  small er 

amplitude . These two maj or peaks did not occur a s  a si ngle pulse 

but as a pro longed elevat ion which continued over thr e e  to  four 

samplings . Boars 20/58 and 20/6 exhibit ed smaller peaks only , 

wit h maximum values of  2 . 39 and 2 . 97 ng/ml , respe c t iv ely . Overall , 

the  mean plasma level of t estost erone in pubertal boars was 1 . 04 

ng/ml . 

The  post -pub ertal boars exhibit ed t estost erone pro fil es 

c harac t erized  by minor episodic fluctuat ions throughout the  24 hr 

period ( Figur e 4 . 5 ) . The highest values recorde d  from indivi dual 

animals range d  between 2 . 21 and 3 . 37 ng/ml , while the ov erall 

mean t e stost erone l evel  was 0 . 8 1  ng/ml . 

C omparison o f  mean t e stost erone levels , based on  gradients 

of cumula tiv e  t e st ost erone distribut ions again st  t ime (Figure 4 . 6 ) ,  

showed tha t  t estost erone levels in pubertal boar s were  sign ific antly 

higher t han t hose  of  post -pub ertal boars ( !( 5 )  = 3 . 1 6 ,  P < 0 . 05 ) . 

There was no evidenc e of  a c ircadian pat t ern o f  t e stost erone 

secretion in boars o f  eit her age . 



Table 4 . 1 

Gradients of  Cumulative LH and Te stost erone Distributions and Mean Hormone C onc entrat ions 

Recorded from Plasma Sampl es Collected  Ov er a 24 hr Period from Boars Aged 1 1 8 and 241 Days . 

1 1 8  Days Old 
( Pubertal ) 

Mean + S . E .  

2 4 1  Days Old 

LH 

Distribut ion Mean Plasma Levels 
Gradients  (ng/ml ) 

0 • 2984 o . 89 

_0 . 2622 0 . 79 
o . 2689 o . 88 
0 . 2577 0 . 75 

. 

0 . 27 1 2  ! 0 . 0 1  0 . 82 ! 0 . 05 

0 • 1 662  0 .; 39 
( Post-pubertal ) 0 • 1 605 0 • 39 

0 �  1 604 0 � 39 

Mean + S . E .  0 . 1 6 23 ! 0 . 004 0 . 39  ! o . oo 
-

! ( 5 )  = 8 . 85 · 
( P  ( 0 . 00 1 ) 

Test ost erone 

Distribut ion Mean Plasma Levels 
Gradients ( ng/ml ) 

0 • 2784 
0 . 3538 
0 • 3566 
0 • 1 844 
0 . 2933 + 0 . 04 . . -

0 • 2989 
0 • 2910  
0 . 2674 

0 . 2857 ! 0 . 0 1 

1 ( 5 )  = 3 . 1 6 

o . 8 1  
1 • 39  
1 • 50 
o . 49 
1 . 04 + 0 . 4 1 

0 .; 92 

0 • 83 
C) . 6 9  

0 . 8 1 + 0 . 1 2  

(P  < 0 . 05 )  

CX> (\) 
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3 .  LH-Testosterone Relat ionships 

All maj or peaks o f  t estost erone secr etion r e c orded from 

t he pubertal boars followed large LH discharges . This relat ion­

ship was part icularly evident in boars 1 9/8 and 1 9/5 whose maj or 

t est osterone peaks occurred 60 min after  LH peaks . Other minor 

pulses of  t e stosterone also were  apparently �elat ed  to LH dis­

c harges , however , t he relat ionship was not consist ent sinc e not  

all LH pul s es were followed by t estost erone elevat ions . A similar 

lack of c onsist ent LH-t estost erone r elat ionships was shown by 

the other two boars for which elevat ions of b o t h  hormones somet imes 

o c curred s imultaneousl y .  

I n  post -pubertal boar s ,  most of  t h e  not ic eable elevations 

of t estost erone also were pr e c e eded by LH pul s e s , while other 

smaller pulses of  LH and t estost erone  did not exhibit suc h asso- ­

c iat ions . Age at sampling had no apparent influenc e on the  usual 

t ime int erval between LH and t estost erone peaks . 

D .  DISCUSSION 

1 .  Hormone Profiles in Pubertal Boars 

No study o f  t he pro files o f  LH and t e stosterone secret ion 

during pub erty has yet been published for boar s .  Ov erall mean 

plasma LH and t estosterone l evels in the 24 hr experiment wit h 

. pubertal boars c orr esponded well with the elevated  values  for 

these hormones obtained in the longitudinal study described in 

chapt er III � A great er  out put o f  hormone s  prior to puberty also  

was describ e d  for  female pigs by C hakraborty et  al . ( 1 975 ) who 

found t hat prepubertal gilts had higher basal LH levels than do 

sexually mature sows . Similarl y ,  studies  with sheep  during sexual 
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maturat ion have r ev ealed t hat blood levels of both FSH and LH 

wer e very high prepubertally and both  were  released int o t he 

blood episodically (Thimonier et  al . , 1 972 ; Fost er et  al . ,  . 1 975 ; 

Bindon and Turner , 1 974 ) . 

Twenty- four hour pr o fil es o f  LH . and t e stost erone sec r e t ion 

for pub ertal boars in the present experiment c l early indic at e d  

highly pulsat ile modes o f  hormone releas e . However , episodic 

rel eases o c c urred errat ically without any evidenc e o f  a c irc adian 

pat t ern . In pub ert al humans of  both  sexes , not only is gona dot ro­

phin secretion highly pulsat ile  (Boyar e t  al . ,  1 97 4 )  but  t he 

secre tory episo des follow a dist inc t  c ircadian pat t ern wit h 

notably higher pulses dur ing night time t han during the day . 

Monit oring o f  brain act ivity r eveal ed t hat the higher noc turnal 

pul ses of  gonadotrophin and t estost erone secret ion in pub ertal 

b oys wer e closely asso c iated  with the  rapid eye movement (REM) 

phase  of  sle e p .  This finding was int erpr e t e d  as  one of the  ma j or 

physiological me c hanisms involved in t he init iat ion of  pub erty  in 

humans . As per iods o f  incr eased Gr owt h  Hormone and pro lact in 

secretion al so were  shown t o  sle ep-relat ed , Boyar et al . ( 1 974 ) 

and Weit zman et al . ( 1 975 ) suggest ed that important sync hro nized  

metabolic relat ionships were being established during sleep in 

pubertal c hildr en , whic h induced  the ac c elerated  somat ic grow t h  

a n d  skel etal changes associat e d  with pub erty .  In pub ertal b oars , 

po assoc iat ion o f  LH or t est ost erone secretion pulses wit h  sleep  

co uld be  deduc e d  sinc e brain ac tivity was not  monit ored to  identify  

periods of  sleep . Als o ,  the sleep  pro c e ss in boar s appears not  

t o  be  similar t o  that of  humans ; pigs undergo frequent day t ime 

sleep periods and it r emains t o  be  det ermined whether t hey  pass 

int o a cont inuous noc turnal sleep . 
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2 .  Hormone  Pro files  i n  Post -Pubertal Boars 

The episod�c nature of LH and t est osterone secre t ion and 

t he lack of any diurnal variat ion in their l evels in post -pubertal 

boars , all were results  cons ist ent with previous f indings from 

adult boars published by Sanford et  al . ( 1 976 ) . However , secre tory 

pulses  of the hormone s were r elat ively suppressed at  t his s tage 

which presumably was due to t he increased sensit ivit y o f  the 

hypot halamo-pituitary unit to  t he inhib itory feedback o f  t e stos-

t erone . Func tional mat uration o f  the  LH- t estost erone fe edback 

relat ionship post -puberta�ly was c onfirme d by  t he effects  of  

castrat ion of  2 15  day old boar s as described in  Experiment 1 . 2 and 

by the findings of Ford and Sc hanbacher ( 1 977 ) . Overall mean levels 

o f  LH and t estosterone in post -pubertal boars wer e muc h  1ower t han 

t hose  o f  puber t al boars , which c orresponded with t he post -pub ertal 

decline in secre t ion of  t�ese hormones not ed in the longitudinal 

experiment . l 
No c ircadian rhyt hmic it y  in t estost erone secretion o c c urred  

in  t he post -pub ertal boars , a r esult whic h c onfirmed those  in  the  

earlier report by  Sanford et  al . ( 1 976 ) . However , Ellendorff et al . 

( 1 975 ) repor t e d  tha t  plasma levels were significantly lower during 

night t ime t han in the morning . This appar ent discr epanc y  may 

�v e  been due t o  t he differ enc e in sampling frequ ency as the  hourly 

sampling int erval ut ilized by Ell�n�orf f et al . ( 1 975 ) probably 

was not adequa t e  to  assess t he ac tual frequency of secretory 

episo des . Similar discr epanc ies of result s were  repor t e d  for 

adult men ( Rowe et al . ,  1 974 ; Boon et al . ,  1 972 ) , but in adult 
, 

rams and bulls no diurnal pat t ern o f  t e stosterone  secret ion was . . 

observed  ( Sanford et al . ,  1 97 4 ; Kat ogole et a l . ,  1 974 ; Smith 

et al . ,  1 973 ) . 
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3 .  LH-T estost erone Relat ionships 

The r elat ionship between LH and t estosterone  secret ory 

pulses , ( LH pre c e e d ing T ) was in ac c ordanc e  with previous r epor t s  

o f  r e search  wit h humans ( Boyar e t  al . ,  1 974 ) , bulls (Kat ongole 

et  al . ,  1 97 1 ) ,  rams ( Sanford et  al . ,  1 97 4 )  and adult boars 

( Sanford et al . ,  1 976 ) . Alt hough it was not always possible  t o  

relat e LH peaks t o  subsequent elevat ions in testost erone l ev els , 

it was clearly demonstrated  that large LH pulses were followed 

by large peaks of  t e s t ost erone aft er approximat ely 60 min . Also , 

similar asso c iat ions of  LH and t estost erone secretory pulses  wer e 

shown fo r the maj orit y  of  the smaller pulses . San ford e t  al . 

( 1 976 ) al so  r ecorded an approximat ely 60 min t ime -lag between  LH 

and t estost erone peaks in boars . 

The st atus of  the LH-t e s t ost erone negativ e f e e dback 

r elat ionship dur ing puberty has not b e en invest igat ed previously 

in dome st ic boar s .  Findings of Ford and Schanbacher ( 1 977 ) sh owed 

that the st eroid negative feedback mechanism is r ela t iv ely ins en­

sit ive dur ing the first week of post-natal life but is func ti onally 

s ensit ive at  5 months of age . In miniature boars ( Elsaesser 

et  al . ,  1 975  and 1 976 �)  and mal e  rodent s (Ramire z  and McCann , 

1 965 ; N egro -V ilar , 1 973 �) , an appar ently declining s en sit ivit y  

o f  the hypot halamo-pituitary sys t em to  st eroid n e gative f e e dback 

was r eport e d  to o ccur prior to and during puberty and almost 

c ertainly t his n euroe ndocrin e  mec hanism ac c ount e d  for the higher 

pulses of LH obs erv ed in the pub ertal ra t her than the  post -pubertal 

boars . 

Despit e t he differ enc e in LH output , it is c l ear t hat at 

both pubertal and post -pub ertal age s ,  LH release int o t he c ircula-



91 

t ion  is pulsat il e  and not c ontinuous . What act ually genera t es 

t he episodic secr etion of  LH is not known , but pr obably it is 

induced  by c entrally-c ontrolled pulsat ile relea ses  o f  hypothalamic 

GnRH , whi.c h in t urn stimula t e s  the pulsatil e  release  of LH 

( Schally et  al . ,  1 972) . 
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CHAPTER V 

GENERAL DISCUSS ION AND CONCLUSIONS 

Puberty is recogniz e d  t o  be a dist inc t phase  of maturat ion 

whic h invo lves both  reproduc t iv e  organ developmen t  and c o ncurrent 

hormonal c hange s .  Henc e ,  c ompr ehensive  st udies of t he proc ess  

must involve investigat ion o f  both  anat omical and hormonal c hanges .  

The experiments described in t his thesis were t h e  first syst ema t ic 

studies o f  pub ertal development in boars in whic t t here has been 

an evalua tio n  o f  the int err elat ionships of  bodily growth with 

t est icular and epididy�al development ,  and with the pla sma profile s  

of  L H  and t estost erone . These exper iment s  were designed  t o  produ c e  

data  o n  t he normal c ourse  o f  pubert y  in b oars and t hus provide a 

sound basis for int en ded fut ur e studies of  fac t or s  influenc ing t his 

pro c ess , and of the neuroendocrine mec hanisms which regula t e  

pub ertal development . 

A .  LONGITUDINAL STUDY 

T he highly significant c orrelation between body and t est i ­

c ular weight s , and t he observation t hat  boar s wit h heavier t esticles  

had an earlier onset of  spermat ogenesis , indica t e d  that age  at  

puberty could be  in fluence d markedly by the rat e  o f  bodily grow t h . 

However , age was found t o  b e  highly c orrelat e d  with test icular 

weight as well , which implied that both body w e ight and chronologic 

age were important paramet ers in det ermining pubertal a t tainment 

in boars . This of c ourse  is not surprising , as under normal c ir ­

c umstanc es t he age and w�ight o f  young animals will be highly 

c orrela t ed , and the relative  importanc e of eac h  fac t or as a regu-
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lat er o f  the onset of  pub erty c ould only b e  assessed by c onduc t ing 

experiment s spec ifically designed to examine the indiv idual impor ­

tanc e of  these  two fac tors ( e . g .  studies such as t hose  o f  Allen 

and Lamming ( 1 96 1 ) which showed t hat age at  puberty c ould be  

advanc ed or  delayed by  c ontr olling rat e of  body growth t hr ough 

nutrit ion ) . 

The hist ological and hormonal pr ofile studies c learly 

indicat ed  that  the rapid gonadal development during pub erty c o in ­

c ided wit h t he elevat ion o f  plasma LH and t estost erone l ev els . 

However , it was difficult to  relate  prec isely t he t iming o f  the 

onset o f  t he elevation of hormone  levels with the onset o f  sper­

mat ogenesis for several reasons : t est icular and epididymal hist o ­

logical data and t h e  hormone pro file data were obtained  from 

different groups of animals ;  serial castration int ervals were not 

suf fic iently frequent to allow accurat e definit ion of the t iming 

of appearanc e of the mor e advanced  c ell types ; and c onsiderable 

individual variat ions in terms o f  gonadal development (whic h 

appeared  t o  be  relat ed  to het erogeneity of body weights ) and 

hormonal pro file , were  observed . De spit e t hese  limitat ions it 

is c l ear t hat the development of the  testes  and epididymides in 

boars was ac c ompanied by , or induced  by , notable increases in 

plasma LH and t est o st erone lev els . Further experiments will b e  

required t o  eluc idat e t he neuro endrocrine maturat ional c hange s 

which indu c ed t his inc reased hormonal secretion . 

Apart from body weight an d age , other fac t ors which may 

affect  pub ert y  were  not invest igat ed , although nut rition and 

genetic s  undoubt e dly c ont ribut ed  to some of the  observed difference s  

in rat es  o f  bodily and t est icular growt h .  Any possible effect  o f  

s eason o f  birth was eliminated  a s  an experimental fac tor sin c e  

all boar s were born a t  approximat ely t he same t ime . Pr eliminary 
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investigat ions by Wiggins et al . ( 1 95 1 ) reveal e d  no signific ant 

effect  of season of  birth on age at puberty in boar s .  However , 

it has b e en report ed  t hat gil t s  born in fall at tairr sexual maturit y 

earlier t han those farrowed in spring (Robertson et al . ,  1 95 1 ; 

Mavrogenis and Robinson , 1 976 ) . Furt her invest igations along t his 

line  are needed t o  c larify the relat ionships between the season 

of birth  and age at puber t y ,  and also t o  de fine whic h part icular 

climat ic fac tors ( daily phot operiod / t emperatur e )  are involv e d .  

A maj or defic ienc y of  t h e  present study was the lack o f  

data  for plasma FSH levels . There i s  growing evidenc e t hat the  

princ ipal func t ion o f  FSH is  in  the initiat ion o f  both  spermat ogen ic 

and androgenic funct ions of  the pr epubertal t estes  (Ort avant et  al . ,  

1 96 9 ;  C ourot , 1 970 ; Swerdloff et al . ,  1 97 1 ; Odell et al . ,  1 973 ; 

C hen et  al . ,  1 976 ) . Hence  a longitudinal pro f ile of  FSH secret ion 

in relat ion to t he LH and � e st ost erone pr ofiles and the ons et  of 

sperma t ogenesis , would have provided a clear er picture of the 

endocrine event s occurring during puberty in boars . To  dat e no  

papers appear t o  have been  publish(d on  plasma FSH levels  in  pigs , 

nor on the development of  spec ific radioimmunoassay pro c edur es  

for  measuring porcine FSH . A similar defic iency of  porc ine pro -

lac tin data apparently i s  r elat ed  t o  t h e  lack o f  suitable assay 

methods . 

B .  TWENTY-FOUR HOUR HORMONE PROFILE STUDY 

The two short t erm studies revealed  dist inct differen c e s  

in plasma hormone pro files · between pubertal and post -pubert a l  boars . 

This differ enc e was particularly marked for LH , for whic h a highly 

pulsat ile mode of secretion at puberty c ontrasted  with a r elat iv e l7 

suppressed secretory profile post -pubertally . tt was not �ossible 
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t o  ident i fy the pre c ise  a�e at whic h t his highly pulsat ile mode 

of LH secr et ion c ommenc ed , nor whet her this type of secret ory 

mechanism was funct ional from birth .  Perhaps an earlier 24 hr 

sampling , or frequent int ensive bleeding st udies , would hav e b e en 

desirabl e to help elucidate  the onset o f  suc h highly epi�odic 

releases . The existence  of highly pulsat ile LH secret ion has b e e n  

recorded a s  early as 30 days of  a g e  in ram lambs ( Bindon and Turner , 

1 974 ) . 

A pronoun c e d  pubertal elevat ion o f  both LH and t e stost erone 

levels was observ ed  in both  the  longitudinal and short t erm experi­

ment s and indicated  a c hange in t h e  neuro endocrine  mechanisms which 

regulat e their secretion ; this c hange probably is important in t h e  

induc t ion of t he onset of  pubert y .  T h e  relativ e  importanc e o f  t h e  

fac tors whic h . have b e e n  postulat ed  to  be involved in t h e  init iat ion 

of puberty ( i . e .  a declining sensit ivity of the hypo thalamus t o  

st eroid negat iv e  feedback� an increasing r esponsiv eness o f  t he 

pituitary gonadotrophs to  GnRH st imulat ion , a great er responsiv e ­

n e s s  o f  t h e  t est es  to gonadotrophin st imulat ion , o r  some c ombina­

t ion  of these fact ors ) c ould not be  deduc ed fro� the data report ed 

in t his thesis . 

As in t he longitudinal study , an un fortuna t e  but unavo idable 

de fic iency was the lack of data for plasma FSH levels . 

C .  POSSIBLE APPLICAT IONS OF THE PRESENT FINDINGS 

Early puberty is a desirable c harac t er istic  for bre eder 

animals not only for f emal es· but also for males (C oult er and 

Foot e ,  1 976 ) . · Boars attaining pub erty early would attain full 

reproduc tiv e  capability at  a younger age ( Niwa and Mizuho , 1 954 ) , 

henc e they c ould be  t rained and used for art if ic ial insemina tion 
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or natural bre eding programmes muc h  earlier than t ho s e  with a 

delayed pubertal onset . However for mal es , early ident ification 

of  pubertal animals poses difficult ies due t o  t he lac k  of  ext ernal 

manifestations suc h as the behavioural estrus in females . The 

pr esent findings provided some basic informat ion on t he asse ssment 

of  pub erty in boars . For instanc e ,  obs ervat ion of the advan c e d  

onset o f  spermat ogenesis i n  boars with heavier t esticular weights 
' 

t han o thers o f  the same age , indicated  that test icular size c ould 

be a good crit er ion of  early sexual maturity and pr esumably o f  the 

pot ential capacity  of boars as futur e breeders . This c r it er ion 

is b eing ut iliz ed  in t he ident ification o f  young bulls with high 

spermatozoal pro duc ing pot ential , based on the finding of a high 

correlat ion between t est icular size and sperma t o zoal out put 

(Amann , 1 970 ; C oult er and Foot e ,  1 976 ) . In lambs , Carr and Land 

( 1 975 ) report ed  that highly prolific br eeds ( Finn ish Landrac e )  

have higher mean plasma LH l evels t han less prolific breeds 

(Border Leic est er and Cheviot ) .  These invest iga t or s  also showed  

a sign ificant c orrelat ion between t es t is diamet er and  pla sma LH 

c onc entrationa , and suggest e d  that a c ombinat ion o f  rate  of t e s t is 

growt h and plasma LH est imat ions may form a good basis on whic h 

to  select  animals for high fecundit y .  The pot en t ial use fulness 

of  plasma LH c onc entrat ion measur ement ( or other endocrine parame­

ters)  as an indication o f  pot ential futur e repro duc t ive performanc e  

in boar s, deserv es  further investigat ion . 

Monit oring of  plasma t e stosterone l evels during sexual 

mat uration in r elat ion to o�her st eroids ,_ part ic ularly the 

1 6 -androstenes  which causes boar t aint , may also have some pra c -

t ic al implicat ions . It  i s  a rout ine farm prac t ic e  t o  castrat e 

mal e pigs wit hin a few weeks o f  b ir t h  to  avoid the o cc urrence  o f  

boar taint . However , t his pra c t ic e  sacrific es the  pot ent ial 
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a dvantage that c ould be derived  from the  anabolic effect  of t es t o -

st e rone , as indicated  b y  findings t hat boars hav e better  f e e d  

c onversion a n d  higher growt h rat es t han barrows ( Hansson , 1 974 ) . 

It would be o f  prac t ical benefit for pork producers  if male  animals 

could be raised as ent ir e s  unt il suc h  an age t hat 1 6 -androstene  

l evels began to  increase t o  t he point t hat th� y  may cause t a int  

in  meat , so t hat advantage c ould b e  taken of t he anabolic e f f e c t  

o f  t e s tost erone . Rhodes ( 1 972)  observed that taint i s  negligible 

in mea t from boars less t han 200 days old , whic h  agrees  wit h the  

r eport of Booth ( 1 975 ) who  r eport ed that c onc entrat ions o f  1 6 -

androst enes in the t e stes  were  low b e fore  1 48 days o f  age . Andr e-

s en ( 1 976 ) also found t hat levels of 5 � -androstenone ( on e  o f  t he 

1 6-androst enes ) in peripheral plasma and adipose  t issue only in-

creased markedly between 1 3 5  and 1 70 days of age . Thus it appears 

t hat castrat ion c ould be avo ided for boars slaught er e d  b e fore  1 35 

days o f  age wit hout meat taint occurring ; suc h  animals could b e  

exp ec t ed t o  produc e c arcasses  o f  45 - 50 kg , which  is in the  middle 

of the N ew Z ealand porker grade weight range . 

Knowledge o f  t h e  longitudinal and shor t - t erm profiles of  

LH  and  t estost erone secret ion may b e  a use ful r e f er en c e  for  futur e  

studies on the endocrinology of  pube�ty in boar s , part icularly i f  

suppl ement e d  b y  data whic h will b e  produc ed w h e n  RIA t e c hniques 

for FSH and prolactin bec ome available . A radioimmunoassay for 

5 � -androst enone has been developed  ( Andr es en , 1 976 ) and it s 

plasma pro files during sexual maturation have already been pub-

l ished . Such data o n  the  normal c our s e  of  pubertal dev elopment 
• 

in boars should assist the monit oring o f  progr ess in likely futur e 

studies on the advanc ement o f  puberty by environmental manipulation 

and/or by nutrit ional or  pharmacological t e c hniques . 
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