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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 .  
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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 . 



V 

ACKNOWLEDGMENTS 

My s inc ere grat itude goes t o  the many pe ople without whose 

help and ass istanc e this thesis would not have been possible : firstly , 

to my supervisor Dr . K . R .  Lapwood for his pnt ient gu idanc e ,  encourage-

ment , and valuable help in all phases of this pr o j ec t ; to the Dept . o f  

Physiology and Anat omy for pr oviding the fac ilit ies ; to  Pro f . R . E .  

Mun ford and Mr . P . R .  Wil son for their kind help in the stat ist ical 

analyses ; to  Mr . R . H .  Telfer for assisting me in the collec tion of 

bl o o d  samples ; to Mr s .  H.  Car t er , Mr . B.  Vaut ier , and Mr . N. Ward for 

their t e c hnical assistance in the laboratory ; to t he Massey Pig Re -

sear c h  Center staff , Mr . J .  C arr , Mr. T .  Rogers , and their personnel 

for their c o operat ion and help in the management of experimental 

animals ; to  Mr . M.  Copland and Mr . M.  Kurosawa for doing the cast ra-

t ions , and to Mr . M. Birtles  for his expert ise in the hist ologic al 

pr o c essing and photography o f  testicular and epididymal sections . 

Grat e ful acknowledgments  al so are due t o  Dr. L . E. Re ichert 

Jr . ,  Emery Universit y ,  U . S . A .  for supplying the por c ine LH for iodi-

nation and for assay standards , and t o  Dr . G . D .  N iswender , C olorado 

State  Universit y ,  U . S . A .  for providing t he ant isera to  t e stosterone 

and por c ine  LH . 

I an indebt ed  t o  t he Colombo Plan Sc holarship Committee  for 

t he personnal financ ial support , to  t he University of t he Phil ippine s 
. 

for  grant ing me t he priv1lege to  undertake this study under spec ial 

detail , and t o  the Foreign Aid Division , Ministry of Foreign Affairs, 

New Zealand for providing re search maint enan c e  funding . 

Finally , I apprec iate  warmly the moral and spiritual support 

o f  my families in the Phil ippines e spe c ially the perseverance  and 

pat ienc e of my husband J orge , who allowed and encouraged me t o  

pur sue this 18 mont h study in New Zealand . 



C HAPTER I :  INTRODUCT ION 

TABLE OF CONTENTS 

vi 

PAGE 

A. Physiology o f  pub er t y  in mal es 1 

1•  G eneral c onsiderations 1 
2 .  Physiological c hanges associat e d  with puberty 2 

a • Test icular d evelopment 2 
b .  Development o f  ot her organs of  r e pr oduc t ion 4 

( 1 )  The epididymides 4 

(2) The acc es sory sex glands 4 

( 3 )  The ext ernal genitalia 4 

Co Development of  sec ondary sex c harac t ers 5 
d .  Hormonal c hanges assoc iat e d  with pub ertal 

development  5 
( 1 )  Gonadot rophins 5 
( 2 )  Gonadal st eroids 6 
( 3 )  Other hormones 7 

( a )  Adr enal sex st eroids 
( b )  Prolac t in 
( c )  Growth hormone  

7 
8 
8 

3 .  N euroendo c r in e  r e gulat ion o f  puberty in males  9 
a .  General 
b .  The hypot halamo -anterior pituitary- t e st icular 

axis 
( 1 )  The hypot halamus 
( 2 )  The anterior pituitary gland 
( 3 )  The t est is 

c .  Neur o endo crine  me chanisms involve d  in the 

9 

9 
1 0  
1 0  
1 1  

init iat ion o f  puberty 1 4  
d .  Fac t or s  affec t ing puberty in mal e s  1 7  

( 1 ) Genetics 1 8  
( 2 )  S eason , light , t emperatur e and stress 1 8  
( 3 )  Nut rit ion 1 8  

( 4 )  Soc ial and sexual stimuli  

B .  Physiology and endocrinology o f  repro duc t ive 

development in boars 

1.  Reproduc t iv e  development 
2 .  Endoc rinology of  r epro ductiv e  dev elopment 

1 9  

1 9  
20 
22 



vii 

PAGE 

a• Gonadotrophins 22 
b•  T est icular st eroids 23 
c .  Hypot halamo-ant erior pituitary-t esticular 

relationships dur ing-puberty 

c. The purpose of  the present study 

CHAPI'ER I I : MATERIALS AND METHODS 
A .  Animals 
B. Animal management 
C .  ·Surgic al techniques 

1 .  Anaesthesia 

26 
27 

28 
28 

29 

29 

2. Jugular vein catherization 29 
a .  Insert ion o f  t he cannula into  t he j ugular 

vein 
b .  Ext eriorizat ion of  t he cannula 

3 .  Castrat ion 
4. Po st-surgical c ar e  

D .  Blood coll e c t ion 
1. Fortnight ly sampling 
2 .  Twenty- four hr sampling 

E. Hormone radioimmunoassay proc edur es 
1 .  LH Assay 

a .  Mat erials and procedur e 
b .  As say valida t ion 

2. Testost erone assay 
a .  Mat erials and proc edur e 
b .  Assay validat ion 

F. Experimental design and analysis 

CHAPI'ER III : A LONGITUDINAL STUDY OF PUBERTAL DEVELOPMENT 
IN BOARS : INVEST IGAT ION OF T HE RELAT IONSHIPS 
BETWEEN GONADAL AND EPIDIDYMAL DEVELOPMENT 
AND PLASMA LH AND TESTOSTERONE PROFILES 

A .  Introduc t ion  
B .  Materials and  met hods 

1 .  Animal s and experimental proc edure 

2. Stat istic al analysis 

29 
30 
30 
3 1  
3 1  
3 1  
:?2 
32 
32 
32 
33 
35 
35 
38 
3 9  

40 
4 1  
4 1  

42  



C .  Result s 
1• T e sticular , epididymal and body weight s 

2• Epididymal spermatozoal reserves  
3 .  Test icular and-epididymal hist ology 

a .  Seminiferous tubule and epididymal tubule 

diameters 
b .  �ualitat iv e  t esticular and epididymal 

hist ology 

viii 

PAGE 

42 
42 
50 
50 

50 

53 

4. Plasma LH conc entrations 60 
5 .  Plasma testost erone c onc entrat ions 64  
6 .  Ef fects  o f  castrat ion o n  plasma LH an d t esto s -

st erone concentrat ions 
D. Discus sion 

CHAPTER IV : TWENTY -FOUR HOUR PLASMA PROFILES OF LUTEINIZING 
HORMONE AND TESTOSTERONE IN PUBERTAL AND POST­
PUBERTAL BOARS 

A .  Introduc t io n  
B .  Mat erials and met hods 
c. Results 

1 .  LH 
2. Testost erone 
3 .  LH-t estost erone r elat ionships 

D .  Discussion 
1 .  Hormone profiles  in pub ertal boar s 
2 .  Horm�ne pr ofiles  in po st -pubertal boars 
3 .  LH-t estost erone r elat ionships 

CHAPTER V :  GENERAL DISCUSSION AND CONCLUS IONS 
A• Longitudinal study 
B o  Twenty-four hour hormone pro file study 
C .  Pos sible applications of t he present findings 

REFERENCES 

6 9  
6 9  

76 
77 
78 
78 

8 1  
87 
88 
88 
89  
90 

92 
94 
95 

98 



LIST OF FIGURES 
FIGl,JRE 

2 . 1 C�posite  standard c urve for porcine LH 
radioimmunoas say 

2 . 2  .C omposit e st andard curve for t esto sterone 
radioimmunoassay 

3 . 1  Body w e ight s ,  t est icular w e ight s ,  and epididymal 
we ight s during sexual maturat ion 

3 . 2  

3 . 3  

3 . 4  

3 . 5  

3 . 9  

Relat ionships betwe en t e st icular weight s and body 
weights  of  boars during s exual maturat ion 

Relat ionships betw een  test ic ular weight s <.1nd age 
of boars dur ing sexual maturat ion 

Rela t ionships between epididymal weight s and b o dy 
weight s o f  boars dlfring sexual maturat ion 

R elat ionships between epididymal weight s and age 
o f  boars during sexual maturation 

T e st ic ular weight s and seminiferous tubul e diamet er s  
during sexual maturation 

Epididymal weight s  and diamet er of epididymal 
tubule lumina dur ing sexual maturation 

j 
Phot omic rograph of  a t e st icular sect ion  from a 
43 day old boar 

Phot omicrograph of an epididymal sect ion from a 
43 day old boar 

3 . 1 0  Phot omicrograph of  a t e st icular section from a 
90 day o ld boar 

3 . 1 1  Pho t omic rograph of an epididymal sect ion from a 
90 day old boar 

3 . 1 2 Photomicrograph of a .t esti cular sect ion from a 
1 27 day old boar 

3 . 1 3 Pho tomicrograph of an epididymai sec t ion from a 
1 27 day old boar 

3 . 1 4  Pho t omicrograph of a t e st icular sec t ion from a 
1 46 day old boar 

3 . 1 5 Phot omic rograph of  a t e st icular sec t ion from a 
1 87 da� old boar 

3 . 1 6 Phot omic rograph of an epididymal seet ion fr�m a 
1 87 day old boar 

ix 

PAGE 

34 

37 

45 

46 

47 

48 

49 

5 1  

52 

54 

54 

55 

55 

57 

57 

59 

59 

6 1  



X 

FIGURE PAGE 

3. 1 7  Pho t omicr ograph of a t est ic ular s e c t ion from a 
24 1 day old boar 61 

3. 1 8  Pro file of pla sma LH l ev els in boars during sexual 
maturat ion 63 

3 . 1 9 Comparison of  the pro files of  plasma LH levels 
between two litt ers of  boar s 65 

3 . 20 Pro fil e of  plasma t e s t ost erone l evels in boars 
during sexual maturation 67 

3 . 2 1 C ompar ison of  the pro files of  plasma te st ost erone 
level s bet ween two lit te rs of  boars 68 

4 . 1  LH secretory profiles recorded from plasma samples  
c ollec t e d from four pubertal boars sample d at 
20 min int ervals for 24 hours 79 

4 . 2  LH secretory profiles  1recorded from plasma sampl es  
c oll e c t ed from three  post -pubertal boars sampled 
at 20 min int ervals for 24 hours 80 

4.3 Twenty- four hr cumulat ive LH l ev els showing 
pool ed  regress ion lines 83 

4.4 Test o st erone secret ory profil e s  recorded from 
plasma sampl es  c ollec t ed from four pubertal 
boars sampl e d  at 20 min int ervals for 24 hours 84 

4.5 Test o s t erone secretory pro fil e s  rec orded from 
pla sma samples coll e c t ed from thr e e  po st -pubertal 
boars sampl ed  at  20 min int ervals for 24 hours 85 

4.6 Twenty-four hr c umulative t e st ost erone levels 
showing pooled r egression lines 86 




