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ABSTRACT 

F r i e s i an he i fe r s  from two gene t i c  l i n e s  d ivergen t ly s e l e c t ed f o r  

m i l k  produc t i on w e r e  compared  i n  the i r  me t abo l i c  phys i o l ogy and 

end o c r i n o l ogy in t h r e e  expe r i me n t s. S tud i e s  were conduc t e d  on  t he 

h e i f e r s , wh i c h  were  mat ched f o r  age and bodywe i gh t , i n  o r d e r  to 

i den t i fy m e t abo l i c  d i f f e r ences whi ch m i gh t b e  used as gene t i c  markers 

for lac t a t i onal  p e r f o rmance . 

I n  t h e  f i rs t  exper iment  d i urnal var i a t i on i n  plasma me t abo l i t e  and 

hormone c on c en t ra t i on s  and res pons e s  t o  m e t a b o l i c  chal l enges o f  

glucos e ,  i nsu l i n ,  glucagon , and ad r enal i n e , were meas ured  i n  6 h i gh 

breed i ng i nd ex ( HB I ) and 6 low breed i ng i nd e x  ( LBI ) hei fers  aged 6 t o  8 

mon ths  and f e d  7 5% o r  125% ma i n t e nance ene rgy requi r emen t ( MER ) . 

Basal plasma con cen t ra t ions o f  c r eat i n i ne , GH and NEFA w e r e  n o t  

i n f luenced b y  sele c t i on l ine . Plasma i n su l i n  concen t ra t i on s  a f t e r  

f e ed i ng w e r e  g r ea t e r  i n  t h e  LBI t han i n  t h e  HBI h e i fers . Rel a t i ve t o  

t h e  concen t ra t i ons "'h i ch e x i s t ed a t  t h e  t i me  o f  f eed ing , t h e  e l e va t i on 

i n  p l as ma glucose  concen t ra t i on was g r e a t e r  i n  the HBI than i n  t h e  LBI 

h e i f e rs from 7 t o  9 hours a f t e r  f e e d i ng . Elevat i on i n  plasma urea 

concen t ra t i on o n  f e ed i ng was grea t e r  in HBI than i n  LBI he i fe rs .  Urea 

concen t r a t i on s  then d e c l i ned more  rapidly in  the s e l e c t e d  an i ma l s  

d u r i ng t h e  p o s t pran d i a l  p e r i od s u ch t h a t  concen t ra t i ons w e r e  l ower  i n  

HBI  t han i n  LBI he i f e r s  f r om 1 1  t i l l 2 3  hours a f t e r  feed i ng .  Res p o n s e s  

t o  me t ab o l i c challenge w e r e  gene rally no t d i f fe rent  be tween t h e  l in e s  

a n d  t h e r e  w e r e  no  l i n e  x al lowanc e  i n t e rac t i on s  exce p t  i n  t h e  NEFA 

r e s ponse  to adrena l i ne where HBI  he i fers r espo nded more than LBI 

h e i f e r s  at 7 5% MER bu t not at 125% MER . 

When compar ed w i t h  he ifers fed  1 2 5% MER, those fed  7 5% MER 

exh i b i t ed : i nc reased p lasma c r ea t i n i ne c o n c en t rat i ons ; a sma l l e r  

i n c remen t i n  p l asma u r e a  concen t r a t i on a f t e r  f e e d i n g ;  grea t e r  p lasma 

NEFA l eve l s  in the p o s t - prand i a l  p e r i o d ; lower  i nsul in concen t ra t i on s  

d u r i ng a 24 hour s amp l i ng per i od ; d e c reased i nsu l i n  r e lease  and 

g l u c o s e  r emoval a f t e r  glucose admi n i s tra t i on ;  grea t er p lasma NEFA 

c on c en t ra t i on s  and reduced glucose c l ea r ance a f t e r insul i n  i nj ec t i on ;  

enhanced  glycogenoly t i c  respon s e s  t o  glucagon and adrena l i n e ; 
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and1n c re a s ed l i poly t i c  responses t o  glucagon and ad r enal i ne . 

I n  t h e  s ec ond e x p e r i men t ,  8 HBI and 8 LBI F r i es i an he i f e r s  aged 6 

mon t hs w e r e  t re a t e d  w i t h  proges t e r o n e  by Con t rol led I n t e r n a l  Drug 

Release ( CI DR )  devi c e s  and fed 7 0% MER . I n i t ially , basal plasma 

m e t abol i t e and h ormone c oncen t r a t i ons  we r e  measured in  samp l e s  

c ol lec t ed d u r i ng a 6 h o u r  i n t ens i ve s am p l i ng per i od . In t h e  f o l l ow i ng 

p e r i od , t h e  l i n e  x d o s e  i n t erac t i ons  o f  i n t ravenous glucose  ( 0 ,  7 5 ,  1 50 

and 300 mg/kg lwt ) and insul i n  ( 0 ,  0 . 1 ,  1 ,  and 1 0  ug/ kg lwt ) o n  

m e t abol i c  r e s ponses w e r e  evalua t ed i n  a spl i t -p l o t  des i gn c ar r i ed ou t 

over a p er i od o f  8 days . 

Basal p l a s ma u r e a  and crea t i n i ne concen t r a t i ons were marg i nally 

greater  ( P <0 . 10 )  in  the LBI h e i f e r s  t han i n  the HBI  h e i f ers bu t n o  

d i f f erences  we r e  found be tween t he t w o  l i nes  i n  plasma concen t ra t i on s  

o f  GH , i n s ul i n , glucagon , glucose o r  NEFA . N o  s i gn i f i c a n t  l i ne 

d i f ferences  w e r e  f ound i n  t he numb e r  o f  s e c r e t i on s p i ke s  o r  t h e  

magn i t u d e  o f  t h e  s pi kes f o r  basa l  G H  o r  i nsul i n . Glucagon 

concen t ra t i on s  were measured u s i ng a spe c i f i c  double an t i body 

rad i o i mmun o a s s ay d e v e loped as par t  of  t h i s  programme . 

The r e  w e r e  marked dose e f fe c t s  o f  bo th glucos e  and i ns u l i n  

challenges o n  c o n c en t ra t i ons o f  i nsu l i n, glucose and NEFA . I n  

add i t i o n , t he H B I  h e i fers  released m o r e  i n s u l i n  t han t h e  L B I  h e i f e rs 

a f t e r  t h e  glucose  challenge i n  a manner i nd e penden t o f  glu c o s e  dos e . 

Moreove r ,  v o lume o f  plasma glucose  d i s t r i bu t ion  ( Vd ) , o r  t h e  

d i s t r i bu t i on c o e f f i c i en t  (6) w a s  smalle r ,  a n d  glucose d i s appearance 

r a t e  g r ea t e r  ( i n t e rms of  e l i m i na t i on r a t e  cons t an t  ( k )  o r  t h e  

hal f- l i f e  ( t11 2 ) o f  the  i nj ec t e d  glucos e ) , i n  t h e  HBI t han i n  the  LBI 

h e i f e r s . 

I n s u l i n  challenge resu l t ed i n  s l i gh t ly h i gher plasma i nsul i n  

concen t ra t i ons  i n  t h e  HBI h e i fers  t han i n  t h e  LBI h e i f e r s . No 

s i gn i f i can t i n t erac t i ons  o f  l i n e  x dose  in p l asma me tabo l i t es and 

hormone c on c e n t ra t i o n s  were o b s e rved a f t e r  e i ther  glucos e  o r  i ns u l i n  

challenge s . 



i v  

The t h i rd  expe r i men t compared 8 HBI and 8 LBI year l i ng h e i f e r s, 

fed  1 40% MER and r e ce i vi ng p roges t erone t re a t men t , wi t h  r e s pe c t  t o :  

d i urnal p a t t e rns o f  p lasma concen t ra t i ons  o f  me tabol i t es and h o rmones ; 

volume o f  body f lu i d  d i s t r i bu t i on ;  i nges t i ve behav i ou r  i n  t e rms o f  

ra t e  o f  e a t i ng ;  r e s ponses o f  l i polys i s  and glycogenolys i s  t o  

ad r enal i n e  challenge a t  var i ous  t i mes a f t e r feed i ng and fas t i ng ; 

m e t abol i c  r e s pons e s  t o  fas t i ng and r e feed i ng ;  and pancrea t i c  i ns u l i n  

re lease and g luco s e  d i sappearanc e  a f t er glucose  challenge s  adm i n i s t ered 

before and a f t e r  the  wi thdrawa l of  p r oge s t erone-i mpregna t ed CIDRs . 

D i urnal  plasma concen t ra t i ons o f  gluco s e , 

were g r e a t e r , bu t plasma urea and c r ea t i n i n e  levels were lowe r , i n  HBI 

t han in LBI he i fe r s . Plasma glu c agon levels a t  t he ons e t o f  

feed i ng / r e f ee d i ng were only b r i e f ly grea t e r  i n  HBI hei f e r s  t han i n  LBI  

h e i f er s . The volumes o f  urea d i s t r i bu t i on ,  plasma d i s t r i bu t i on ( as 

measured by Evans blue ( T 1 8 2 4 )  d i s t r i bu t i on ) , and the  e x t r a c e l lular  

f l u i d  d i s t r i bu t i o n  ( as measured by  thi o cyana t e  ( NaSCN ) d i s t r i bu t i o n )  

were s i m i l a r  between t h e  HBI and LBI he i fers . I n  gene r a l , r a t e  o f  

ea t i ng was s i m i la r  b e tween the l i nes over the  expe r i men t s  e x ce p t  i t  was 

grea t e r  in the LBI t han in the HBI h e i f e r s  on the f i rs t  day o f  

measuremen t .  In add i t i on , the  e a t i ng r a t e  fell  subs t an t i al ly i n  t h e  

LBI bu t n o t i n  HBI  h e i fers 2 8  hours a f t e r  t h e  wi thd rawal o f  

p roges t e ro ne-CIDRs . 

L i p o ly t i c  response t o  adrenal i ne was m i n i mal 7 hours  a f t er 

f e e d i ng , and max i ma l  a f t e r 7 2  hours o f  fas t i ng ,  whereas t h e  rever s e  was 

t rue f o r  glycogeno ly t i c  respons es . The r e  were s ign i f i can t l i ne x t i me 

o f  chal le nge i n t e ra c t i ons  i n  pre-chal lenge p lasma NEFA concen t ra t i on s , 

HBI he i f e r s  fas t ed f o r  7 2  hours exh i b i t i ng grea t e r  e leva t i on i n  p lasma 

NEFA c o n ce n t ra t i on .  T i me o f  chall enge r e la t i ve t o  feed i ng/ fas t i ng d i d  

n o t ,  h oweve r , i n f luence the magn i tude o f  selec t i on l i ne  e f fe c t s  o n  

l i po ly t i c  o r  gly cogenoly t i c  res pons e s . 

B a s a l  p lasma i ns u l i n  concen t ra t i on and pancrea t i c  i nsul i n  release  

a f t e r  glucose  chal l enges were  g r e a t e r  i n  HBI  t han the  LBI  h e i f e r s , 

i r respe c t i ve o f  t h e  presence o r  absence o f  p roges t erone - i mp regn a t ed 

CIDRs . A l t hough basal plasma glu c o s e  concen t ra t ion was grea t e r  i n  the  

HBI  t ha n  in  the LBI h e i fers , glucose d i s appearance was s i m i la r  b e tween 
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t he two l i ne s  f o l l owing gluc o s e  chall enge i n  t h i s  expe r i me n t .  There 

was a s ig n i f i c an t  l i n e  x p roge s t e rone presence/wi thd rawal i n t e rac t i on 

i n  the  p re - challenge plasma gluc o s e  concen t ra t i ons . P l a s ma glucose  

concen t ra t i on s  wer e  grea t e r  i n  t he H B I  t han in  t h e  LBI he i f e r s  4 6  hours  

af t er the  r emoval of  proges t e r one CIDRs but  not  p r i o r  t o  r emoval o f  the  

CIDRs . 

Thes e  resul t s  demons t ra t ed t h a t  gene t i c  var i a t i on e x i s t s  i n  

n i t r ogen , l i p i d , glucose and insul i n  me t abol i sm be tween t h e  HBI and t h e  

L B I  he i fe r s . Appropr i a t e  expe r i me n tal cond i t i ons such a s  d i f fe ren t 

feed i ng regi mens , u s e  o f  me t abo l i c  challenges and con t ro l  o f  oes t rous  

a c t i v i t y , alone or  i n  comb i n a t i on , were use ful means of  max i m i s i ng 

these  g e ne t i c  d i f f e rences . Wh i l e  t h ese me t abo l i c  charac t er i s t i cs have 

t h e  p o t en t i al to become markers  f o r  d a i ry mer i t ,  t h e i r  gene t i c  

rela t i on sh i ps wi t h  m i lk produc t i o n  should b e  con f i rmed i n  fur t h e r  

s tud i e s  a n d  t h e s e  t ra i t s  should a l s o  be  evalua t ed i n  p rogeny t e s t ed 

bul l s  b e f or e  t he i r  wide use i n  dai ry c a t t le breeding . 
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