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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 ; 



i i i  

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 . 
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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 . 



v i  

ACKNOYLEDGEMENTS 

I wan t t o  express  my s i n cere  g ra t i t ude t o  my supe r v i s o rs , D r . 

Duncan D . S .  Mackenz i e  and Dr . S t uar t N .  McCu t cheon , f o r  t he i r  

en thus i as m , c r i t i ca l  gu i dance ,  w i s e  c oun sel  and s t i mulation t hr oughou t  

t h i s  s t udy . The i r  con t r i bu t i on t o  t h i s  proj e c t  has been i mmeasurab l e . 

To  me  t h i s  has been  an i nvaluable educa t i onal expe r i ence t h rough wh i ch 

I have had t h e  oppo r tun i ty t o  shar e  t he i r  b road knowledge and 

s c i e n t i f i c  phi lo s o phy . 

I wan t t o  g i ve my s p e c i a l  thanks t o  P r o f e s s o r  R . D .  And e r s o n  

wi thou t who s e  p e r m i s s i on ,  and ass i s tance w i t h Depa r t men t a l  f ac i l i t i es , 

my pursu i t  o f  t h i s  s t udy would no t have been poss i bl e . 

I gra t e fu l ly acknowledge t h e  as s i s t an c e  g i v en t o  me  by t h e  

f o l l ow i ng : -

M r s . Jan i ce . A .  Rumbal , M i s s  Marga r e t  F .  S co t t ,  M i s s  Yve t t e H .  

Co t t a m  and Mr . w. Bar ry Parlane f o r  t h e i r excellen t t ec hn i cal  

as s i s t an c e . M i s s Margare t F .  S co t t  also  p r o o f - read s everal  chap t e r s  

o f  t h i s  t h es i s . 

T h e  s t a f f  o f  the  Dai ry Ca t t l e  Research Uni t ,  Mas s ey Univers i ty ,  

f o r  w i l l i ng ass i s t an c e  i n  managemen t o f  t h e  h e i fers . 

My fellow pos t gradua t e  s t uden t s  i n  t h e  Animal S c i en c e  Depa r t me n t :  

Mark C a r t e r ,  Carolyn Clark , Mar i a  Da t t ena , Jose So li s - F e r reya , Sab i ne 

Mul l e r , C oby H o ogendoorn , Tessa  Mat t hew , Anne McClel land , S eok-Hong 

M i n , P e t e r  M o rgan , Sam Pe t erson , Ch r i s t i n e  Rober t s ,  Bruce  Sou t h ey , 

Bever l ey Thomp s on , Sean Beer , Pe t e r Wal sh , Zhenzhong Xu , and v i s i t i ng 

f e l l ows Gao H u , Carla Kroonsbe rg , And r i e s  Mesken , Leon P i j l s , M ac h t e ld 

Van M aanen and P e t e r  Van D i n t he r  f o r  he l p i ng i n  blood sam p l i ng and 

c on du c t i ng chal lenges d u r i ng vari ous s t ages o f  t h i s  s t udy . Raymund o  

Rang e l  f o r  h i s  a s s i s tance i n  adm i n i s t ra t i on o f  t he p r oge s t e rone-CIDRs 

t o  t h e  h e i f e r s . 



v i i 

D r . K .  M .  M o r i a r ty f o r  adv i ce on  raising glucagon an t iser a ,  and 

the s t a f f  of the Sma l l  An i mal Produc t i on Un i t ,  espec i a lly M r . J.E. 
Ormsby , f o r  ass i stance i n  i mmun i z i ng the  gu i nea p i gs .  

D r  R .  M .  G reenway and Ms G . M . Bor r i e  f o r  u r ea and c re a t i n i n e  

assays . 

The s t a f f  o f  Massey l i brary f o r  excellen t  servi ce . 

The s t a f f  a t  the Compu t e r  Cen t e r , Massey Un i versi ty, f o r  excel len t 

se rv i ce and ass i s t ance , espe c i ally Dr . Hugo Varela-Alvarez and Dr . Ted 

Drawneek for valuable advi ce  on f i t t i ng non-l inear models . 

D r . Ian L .  Gordon and Dr . Do r i an Gar r i ck f o r  valuable adv i ce o n  

s t a t is t i cal  analysis o f  the  d a t a .  

M y  f ellow postgradua t e  s t ude n ts and the members o f  the  Ani mal 

S c i en c e  Depar t men t for moral sup po r t  and prov i d i ng a f r i endly academ i c  

a t mosphe r e .  

M y  f ellow overseas s t ud en ts a t  the Massey campus , b o t h  f r o m  C h i n a  

a n d  o th e r  par ts o f  t h e  world , f o r  t he i r  moral supp o r t  and f r i endsh i p . 

The grow t h  ho rmone used i n  GH RIA was kindly su ppl i ed by D r . S .  

R a i t i , Na t i onal  Hormone and P i t u i tary P r ogram , NI DDKD , NI H ,  U SA . 

P r o f esso r Geo rge Shouksm i t h , Dr . John Zhan-Peong L i ang and M r . 

Tony True f o r  the arrangeme n t o f  par t  t i me work i n  the  Depa r tmen t o f  

Psy c h o l ogy , wh i ch provided my p r i nc i pal  suppo r t  f o r  the  f i rs t  t h r e e  

y e a rs o f  t h i s  s t udy . 

F i n anc i a l  assis tanc e , i n  par t , f rom the f o l l owing sources i s  

g r a t e f u l ly a c knowledged : 

The Helen E .  Akers Pos t g radua t e  Scholarsh i p  (1986/87 ) and a 

G radua t e  Schol a rsh i p  f r om the  F a cul ty o f  Agr i cu l t u ral and H o r t i cu l t u r a l  

S c i en c es ;  M assey Un iversi ty Scholarsh i p  (1988); a n d  a scho larsh i p  

f rom t h e  Livest ock I mprovemen t Corpora t i on o f  the  New Zealand Dai ry 



v i i i  

B o a r d  ( 1 98 9 ) . 

The New Zealand Dai ry Board i s  gra t e fully acknow ledged f o r  i t s  

f i nanc i a l  supp o r t  o f  t h i s  proj e c t .  

F i nally , my paren t s , my b r o thers  and s i s t e r  f o r  t he i r  l ove , 

encouragemen t ,  and suppo r t . 



i x  

TABLE OF CONTENTS 

Page 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  i i 
ACKNOWLEDGEMENT S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  v i  
LI ST OF ABBREVIATION S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  x i  v 
L I ST OF FIGURE S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  XV 
L I ST O F  TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  xvi i i  

Chapter one: Introduction 

I .  Da i ry c a t t le b r ee d i ng and the  r o l e  o f  gene t i c  marker s  . . . . . . . . . . . . .  1 

1 .  P rogeny tes t i ng and i t s l i m i t a t i ons . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 

2. Po t en t i al uses  o f  gene t i c  marke rs i n  d a i rying . . . . . . . . . . . . . . . . . .  1 

I I .  Approaches  t o  i d en t i fying gene t i c  markers . . . . . . . . . . . . . . . . . . . . . . . .  2 

1 .  S e l e c t i on l i nes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

2 .  P rogeny tes t ed bulls . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

I I I . Typ e s  o f  gene t i c  marker s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

1 .  P o lymo r ph i s ms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

1 )  P r o t e i n  po lymo rphisms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 

2 )  DNA Po lymo rphi sms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

2. Me t ab o l i c  charac t e r i s t i c s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 

IV . M e t ab o l i c  d i f fe rences be tveen d i vergen t d a i ry l i nes s e le c t ed 

f o r  mi lk produc t ion  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

1 .  Basal  p lasma concen t ra t i ons  o f  hormones and me t abo l i t e s  . . . . . . .  1 0  

1 )  H ormones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

i )  GH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0  

i i )  Insu l i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

i i i )  G lucagon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 3  

i v )  Prolac t in . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3  

v )  P lacen t a l  lac t ogen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

v i )  Insul i n- l i ke grov t h  fac t o rs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

v i  i )  Thyro i d  h o rmones . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4  

v i  i i ) C o r  t i s o l  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5  

i x )  P roges t erone , oe s t r ogen a n d  LH . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 5  

2 )  M e t abol i t e s  and o t her m e t a b o l i c  parame t ers . . . . . . . . . . . . . . . . .  1 6  

i )  Glucose . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6  

i i )  NEFA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 7  

i i i )  Ke tone b o d i e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 8  

i v )  Urea . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 



v )  B l o od p ro t e i ns . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 9  

v i ) Haema t o  c r i  t . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  

vi i )  H o rmone sens i t ive l i pase  ac t i v i ty . . . . . . . . . . . . . . . . . . . . . . . .  20 

2 .  Ene rgy balance and fas t i ng/ r e feed i ng . . . . . . . . . . . . . . . . . . . . . . . . . .  20 

1 )  Ener gy balance . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 0  

2 )  Fas t i ng / r e fe e d i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 2  

3 .  Me t ab o l i c  challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 3  

1 )  G l u c o s e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  

2 )  A rg i n i n e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 3  

3 )  P r o p i ona t e  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

4)  Insul i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  

5 )  Glucagon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  24  

6)  Adrena l i ne . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 4  

7 )  Grow t h  hormone r e leas ing- fac t o r  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  

8 )  Thyr o t ro p i n  releasing hormone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25  

9)  Gonad o t ro p i n  releasing ho rmone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  

1 0 )  G r ow t h  h ormone ( GH )  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 5  

4 .  Summary o f  t he me t abol i c  d i f ferences  be tween t he h i gh and l ow 

gene t i c  l i nes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 6 

V .  Purpose and s cope o f  the i nves t iga t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 7  

Chapter two: Development and application o f  a double antibody 
radioimmunoassay for bovine plasma glucagon 

I .  I n t roduc t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30 

I I . Ma t e r i a l s  and me t hods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 1  

1 .  Sou r c e  o f  hormone s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 1  

2 .  Gene r a t i on o f  glucagon an t i s e r a  and an t i se ra t o  guinea p i g  

gamma globu l i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 2  

1 )  An t i gen prepara t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 32  

2 )  An i ma l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 2  

3 )  I mmun i z a t i on p r ocedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  32  

4)  P r o d u c t i on o f  s e c ond an t i body . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 3  

3 .  Prepar a t i on o f  r e f e ren c e  s t andards . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 3  

4 .  Glucagon i od i na t i on and pur i f i ca t i on o f  t he 1 25 I - labelled  

g l ucagon . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 4  

5 .  Rad i o i mmunoassay me thod . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

I I I . Resu l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 

X 



x i  

1 .  Val i da t i on o f  t h e  rad i o i mmunoassay sys t em . . . . . . . . . . . . . . . . . . . . .  3 5  

1 )  Charac t e r i z a t i on o f  t h e  an t i s e r a  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5  

i )  T i t re . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 5  

i i )  A f f i n i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 6  

i i i )  Sens i t i v i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 6  

i v )  S p e c i f i c i ty . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 6  

v )  P re c i s i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 8  

2 )  Paral le l i s m  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 8  

2 .  Plasma glucagon i n  he i fers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 0  

I V  D i s cuss i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 3  

Chapter three :  Diurnal variation in plasma metabolite and hormone 
concentrations and response to metabolic challenges in high breeding 
index and low breeding index Friesian heifers f ed at two allowances 

Abs t ra c t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 6  

I .  I n t rodu c t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7  

I I . M a t e r i als and m e t hods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7  

1 .  An i mals  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 7 

2 .  Expe r i men t a l  d e s i gn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 8  

3 .  Blood analy s e s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 9  

4 .  S t a t i s t i cal  analys i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  SO 
I I I . Resu l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 1  

1 .  Body vle i gh t c hanges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 1  

2 .  Basal hormone and me tabo l i t e  concen t ra t i ons . . . . . . . . . . . . . . . . . . .  5 1  

3 .  Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 7  

1 )  Glucose cha l l enge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 7  

2 )  Insul i n  chal l enge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 7  

3 )  Glucagon challenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 0  

4 )  Adrena l i n e  chal lenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 2  

IV . D i s cuss i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 4  

Chapter f our : Metabolic diff erences between high b reeding index and 
low b r eeding index heifers treated with progesterone-CIDRs : basal 
metabolite and hormone concentrations and dose ef fects of glucose 
and insulin challenges on metabolic responses 

Abs t ra c t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 9  

I .  I n t rodu c t i o n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 0  



x i i  

I I . M a t e r i a l s  and me thods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  

1 .  An i ma l s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 1  

2 .  Expe r i mental  procedures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2 

3 .  Blood  analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 3 

4 .  S t a t i s t i cal analys i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5  

1 )  S i x  hour sampl i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5  

i )  Basal plasma concen t r a t i on s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5  

i i )  Quan t i t a t i ve analyses o f  pulsa t i le G H  and insu l i n  

secre t i on o b s erved i n  t h e  6 hour p e r i o d  . . . . . . . . . . . . . . . . 7 5  

2 )  Analys i s  o f  the  d a t a  from glucose  and insu l i n  chal l enges . . . .  7 6  

i )  P l asma concen t ra t i ons o f  h o rmones /me t abo l i t es . . . . . . . . . . . . . 7 6  

i i )  I n s u l i n  and glucose  d i sapp earance curves a f t e r  i n s u l i n  and 

g l ucose i nj e c t i ons  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 7  

i i i )  Insul i n  and glucose  respon s e  areas a f t e r  gluc o s e  

i nj ec t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 8  

I I I . Res u l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 9  

1 .  S i x  hour sampl i ng p e r i od . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 9  

2 .  Char a c t e r i s t i cs o f  GH and i n s u l i n  secre t i on . . . . . . . . . . . . . . . . . . .  8 3  

3 .  Cha l lenges . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 4  

1 )  G l u c o s e  challenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 4  

2 )  I n s u l i n  chal lenge . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 9  

I V . D i s cu s s i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 2  

Chapter f ive: Physiological dif f erences between high breeding index 
and low b reeding index Friesian heifers treated with progesterone: 
Diurnal p attern of plasma metabolite and hormone c oncentrations ,  
r es ponses t o  metabolic challenges, size o f  b ody f luid compartments, 
and rates of eating 

Abs t ra c t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 7  

I .  I n t roduc t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 8  

I I . Ma t e r i al s  and me t hods  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100 

1 .  An i ma l s  and managemen t . • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  100  

2 .  Rec o r d i ng o f  p a t t ern of  ea t i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  101  

3 .  Exp e r i men t al p r o c edures  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 1  

4 .  Blood analyses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 3  

5 .  S t a t i s t i cal  analy s i s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  105  

1 )  P l a s ma concen t ra t i on s  o f  ho rmones and  me t a bo l i t e s  . . . . . . . . . . 1 05 



x i i i  

2 )  D i s appearance curves for  urea , Evans blue ( T 182 4 ) , 

t h i o cyana t e  ( NaSCN ) , and glucose chal l enges . . . . . . . . . . . . . .  1 0 6  

I I I . Res u l t s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  108 

1 .  Plasma me t abo l i t e  and hormone concen t ra t i ons  during a 29 

hour p e r i od . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 108 

2 .  Urea/T1824/NaSCN i nj ec t i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 0 

3 .  Ad r e na l i ne cha l lenge a t  d i f f e ren t t i mes f rom f e ed i ng . . . . . . . . .  1 1 3  

4 .  Fas t i ng and r e f e e d i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 6  

5 .  Glucose  challenges b e fore and a f t e r  wi t hd rawal o f  CIDR . . . . . . .  1 1 8 

6 .  Changes in  r a t e  o f  e a t ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1  

7 .  Change s  i n  plasma proges t e rone concen t ra t i on . . . . . . . . . . . . . . . . .  1 2 1  

8 .  Changes i n  blood haema t oc r i t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 1  

IV . Di s c us s i on . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 5  

1 .  Volumes o f  body f l u i d  d i s t r i bu t i ons  . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 5  

2 .  29  h o u r  observa t i on and fas t i ng/ refeed i ng . . . . . . . . . . . . . . . . . . . .  1 2 6  

3 .  Me t a bo l i c  respons e s  t o  feed i ng . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 0  

4 .  E f f e c t  o f  t i m i ng o f  ad rena l i ne chal lenge rela t ive t o  feed i ng . 1 3 1  

5 .  Me t ab o l i c  response t o  glucose  challenge , p r og e s te rone and 

i t s i n f luence on me t abol i sm . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 2  

6 .  Ra t e  o f  e a t ing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 4  

Chapter six: General discussion and conclusions 

I .  D i f ferences  i n  basal plasma concen t ra t i ons o f  me t abol i t e s  and 

hormones and t he i r  r e s pons es to feed i ng / fas t i ng be tween t h e  

HBI a n d  L B I  he i fers  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 3 6  

I I . Res po n s e  t o  me t a bo l i c challenges i n  the HBI a n d  LBI h e i f e r s  . . . .  1 4 1  

I I I . Conc lus i ons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 2  

Appendixes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 4 5  

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 6 1  



AI 
Al<p 
AMI 
ANOVA 
BHBA 
Co 
CCK 
C I DR 
CNS 
c. p m  
c.v. 
DM 
DNAFP 
GH 
GHRH 
GIP 
GnRH 
GPy 

h 2 
I GF ( s )  
HBI 
k 
LH 
LBI 
U.!T 
MANOVA 
MER 
MHC 
MJ  
NaSCN 
NEFA 

��V 
PL 
P r l  

R
g 

RFLP 
r g 
RIA 
S . D .  
s . e .  
SGOT 
t l / 2 
T 1 8 2 4  
T 3 
T4 
T f  
TRH 

�a 
VIP 
VMH 
6 

LIST OF ABBREVIATIONS 

A r t i f i c i a l  insemina t i on 
Alkal i n e  phos pha tase  

Amylas e s  
analy s e s  o f  variance 
�hya roxybu tyra t e  
Concen t ra t i on a t  t i me=O ( a f t e r  chal lenge ) 

Cho l e cy s t ok i n i n  
P r oges t er one-imp regna t ed c on t r o l led i n t ernal d rug r e le a s e r  
Cen t ra l  nervous sys t em 
Coun t s  per  minute  
Coef f i cien t o f  var i a t i on 
Dry ma t t e r  
DNA F i ng e r  P r i n t  
G r ow t h  hormone 
G r ow t h  h ormone releas i n� h o rmone 
Gas t r ic. i n h i b i tory p e p tide  
Gonad o t rophin  releas i ng h o rmone 
Guinea p i g  gamma globulin 

He r i t a b i l i ty 
I nsul i n - l ike grow t h  f ac. t o r ( s )  
H i gh b r e e d i ng index 
F r ac t i onal removal r a t e  o f  inj e c t ed me tabo l i t e  
Lu t e i n i z i ng hormone 
Low breed i ng ind ex 

x i v  

L i ve we igh t 
Repea t e d-measures analy s e s  ( mu l t i var i a t e  analys e s  o f  var i ance ) 
M ain t enance energy regui r emen t 
Maj o r  h i s t oc.ompa t ab i li ty c omplex 
M egaj oules  
Sod ium t h i o cyana t e  
Non-es t e r i f i ed fat ty  a c i d s  
Nanogr am 
Packed ( re d ) cell vo lume 
P lacen t a l  lac t ogen 
P rolac t i n 
P i cogram 
Repea t ab i l i  ty  
Res t r i c t i on fragmen t l eng t h  polymorph i sm 
Gene t i c  c o r r e la t i on 

Rad i o i mmunoassay 
S t andard d ev i a t i on 
S t andard e r r o r  o f  t h e  mean 
S e rum � lu t ami c oxaloace t i c  tran s amines  
Half-h f e  

Evans b l u e  dye 
T r i i od o t hyronine 

T hyroxine  

T rans f e r r i n  
Thyro t ro p in-releas i ng hormone 
M i c r ogram 
Volume of  fluid d i s t r i bu t i on 
Vas o i nh i b i t o ry pep t i d e . 
Ven t romed i a l  hypo t halamus 
F l u i d  d i s t r i bu tion c oe f f i c i e n t  



F igure 2 . 1  

F i gure 2 . 2  

F i gu r e  2 . 3  

F i gure 2 . 4  

F i gure 2 . 5  

F i gu r e  3 . 1  

F i gure 3 . 2  

F i gu r e  3 . 3  

F igure 3 . 4  

F igure 3 . 5  

F igure 3 . 6  

F igure 3 . 7  

F i gu r e  3 . 8  

LIST OF FIGURES 

The e l u t i on pa t t ern of  1 2 5I - label led bov i n e  
g lucagon from QAE- Sephade x  A 25  . . . . . . . . . . . . . . . . . . . . . . . 3 7  

Evalua t i on o f  the t i t re s  o f  glucagon an t i s e ra 
e l i c i t ed i n  8 young f e male gu inea pigs  a f t er 
5 mon t h s  o f  mon thly Inj e c t i ons o f  glucagon -bovi n e  
s e rum a l bumi n  at 0 . 2 5 mg/ani mal a t  mul t i pl e  
i n t rade rmal s i t es o r  0 . 1 25 mg/ an i ma l  a t  mul t i p l e  
s ubcu t an e ous s i tes  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 7  

D i s placement o f  1 2 5 I-g l u c agon f rom the an t i s e r a  
o f  guinea � i g  2 ( GP2 ) a n d  GP3 by glucagon s t andards , 
g lucagon-like pep t i d e  I and bovlne insul i n  . . . . . . . . . . . . 39 

Paral l e l i sm of 1 2 5I -glucagon d i s p lacemen t by 
s e r i a l ly d i lu t ed bovine plasma samples . . . . . . . . . . . . . . . . 4 1  

Mean p lasma g lucagon concen t ra t i ons  i n  
proge s t e rone- t rea t ed he ifers samples col l e c t ed e v e ry 
10 m i n u t es for  6 hours  hou r ly f o r  2 9  hours , ana 
over a 7 0  hour fas t i ng / r e feed i ng per i od . . . . . . . . . . . . . . .  4 2  

Basal p l a sma c oncen t ra t i ons o f  glucos e ,  unco r r e c t ed 
and c o r r e c t ed for p r e - f e e d i ng glucose  concen t ra t i on ,  
i n  6 h i gh breed i ng i nd e x  and 6 l ow bree d i ng i ndex 
h e i f e r s  o f f ered 7 �% and 12 5% ma in t enance ener gy 
requ i rement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  52  

Basal  p lasma concen t ra t i ons of  insulin  and NEFA i n  
6 high breed i ng index and 6 l ow breed i ng index  
h e i f e r s  o f fered 75% and 1 2 5% ma i n t enance e n e r gy 
requ i rement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53 

Basal p lasma concen t ra t i ons of urea , unco r re c t ed 
and c o r r e c t ed for  p r e - f e e d i ng urea concen t ra t i on , 
i n  6 h i gh breed ing i ndex and 6 l ow breed i ng i n d e x  
h e i f e r s  o f f ered 7 5% and 1 2 5% mai n t enan c e  energy 
requ i rement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  55 

Basal � l asma concen t ra t i ons o f  c rea t i n i ne and GH 
in 6 high breed ing i nd e x  and 6 l ow bree d i ng i nd e x  
h e i fers  o f fe red 7 5% and 1 2 5% ma i n t enance ene rgy 
requ i rement  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5 6  

P lasma c oncen t ra t i ons  o f  g l u c o s e  and insu l i n  i n  
res�onse  t o  g lucos e  cha l l enge ( 0 . 3  g/kg lw t )  i n  
6 high b r eeding i ndex and 6 low breeding i n d ex 
h e i f e r s  o f fered 7 5% and 1 25% ma i n t enan ce ene rgy 
req u i r emen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  58 

P lasma concen t ra t i ons  of  glucose and NEFA i n  
r e s p o n s e  t o  i nsul i n  cha l l enge ( 10 �g/kg lwt ) 
i n  6 h igh breed i ng i nd e x  and 6 l ow breed i ng 
index h eifers  of fered  7 5 %  and 1 25% ma i n t enance 
ene rgy requi remen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59 

P lasma c oncen t ra t i ons  o f  glucose  and NEFA in  
res pon s e  t o  glucagon chal l enge ( 0 . 1 7 5  �g/kg 
lw t) i n  6 h i gh breeding i ndex and 6 low breed i n g  
i n d e x  h e i fers  o f fered  75% and 1 2 5% mai n t enan c e  
energy requi remen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 1  

P lasma c oncen t ra t i ons  o f  NEFA , corre c t ed f o r  
pre- chal lenge NEFA concen t ra t i on ,  i n  
response  t o  adrena l i ne challenge ( 1  �g/kg lw t )  
i n  6 h igh breed ing i n d ex and 6 l ow breed i n g  
i nd e x  h e i fers o f f ered 7 5 %  and 1 2 5% ma i n t enance 
energy requi remen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62 

XV 



F igure 3 . 8  

F i gure 4 . 1  

F igure 4 . 1  

Figure 4 . 2  

F igure 4 . 3  

F i gu r e  4 . 4  

F i gure 4 . 4  

F i gu r e  4 . 5  

F i gu r e  4 . 6  

F i gu r e  5 . 1  

F i gu r e  5 . 2  

F i gu r e  5 . 3  

F i gu r e  5 . 4  

P lasma concen t r a t i ons o f  glucose  and  NEFA in  
r e s ponse  t o  adrenal ine challenge (1 �g/kg lw t )  
i n  6 high b reed i ng index and 6 l ow breed i ng 
i nd e x  h e i f e r s  o f f ered 7 5% and 1 2 5% mai n t enan c e  
e n ergy requ i r emen t . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 3  

B a s a l  p lasma c oncen t r a t i ons o f  GH1 i ns u l i n  
a n d  glucose in  8 h i gh breed i ng index and 8 
low  breed i ng i ndex nei f e r s  t r e a t ed wi t h  
proge s t e rone CIDRS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 0  

Basal  p lasma concen t r a t i ons  o f  glucagon i n  
8 h i gh breed ing  index and 8 l ow breed ing 
i nd e x  h e i f e r s  t re a t ed w i t h  p roge s t e r one 
C I DR S  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 1  

Basal  p lasma concen t r a t i ons  o f  NEFA , urea 
and c r e a t i n i ne in  8 h i gh breed ing i ndex and 
8 l ow breed i ng index he i fers  t reated  w i th 
p roges t erone CIDRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 2  

Plasma conce n t rat i ons o f  i nsul in  a n d  glucose i n  
r e s ponse t o  t he chal lenges of glu c o s e  ( 0 ,  75 , 
1 5 0 , and 300 mg/kg ) i n  8 h i g h  breed i ng index 
and 8 low b re e d i ng index heifers t re a t ed wi t h  
p r oges t erone CIDRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 5  

Rela t i onsh i p  be tween the  acu t e  (0-12 min ) i n s u l i n  
r e s ponse a r e a  and the acu t e  ( 0 - 1 2 m i n J gluc o s e  
s t i mulus a r e a  above p r e - chall enge l evels 1 n  8 h i gh 
b r e e d ing i n d ex and 8 l ow breed i ng i ndex he i fe r s  . . . . . . . 8 8  

Rela t i onsh i p  b e tween the  t o t a l  (0-120  m i n )  i n s u l i n  
r e s ponse area  and t h e  t o tal ( 0- 1 20 m i n ) gluc o s e  
s t i mulus a r e a  above pre- challenge levels i n  8 h i gh 
b r e e d i ng index and 8 low breed ing i ndex hei f e r s  . . . . . . .  88 

Plasma con c en t r a t i ons of i ns u l i n  a f t e r  the 
i nj e c t i on o f  insulin (1 �g/kg ) in  8 h i gh 
b r e e d i ng index and 8 l ow breed 1 ng i ndex he i fe r s  
t re a t ed w i t h  p roges t erone CIDRs . . . . . . . . . . . . . . . . . . . . . . .  9 0  

x v i  

P l as ma concen t ra t i ons o f  glucose  and NEFA i n  
r e s ponse t o  the  challenges o f  insu l i n  ( 0 ,  0 . 1 ,  
1 ,  and 10 �g/kg ) in  8 h i gh breed i ng index 
and 8 low b r eed 1 ng i ndex h e 1 fers  t re a t ed wi t h  
p r og e s t e rone CIDRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 1  

Basal  plasma concen t ra t i ons  o f  g l u c o s e , urea and 
c r ea t i n ine over a 29 hour p e r 1 od in 8 h i gh 
b r e e d i ng i nd e x  and 8 low breeding index he i f er s  
t re a t ed wi t h  p roge s t e r one C I DRs . . . . . . . . . . . . . . . . . . . . . .  1 0 9  

Basal  plasma concen t ra t i ons o f  NEFA and glucagon 
over a 29  hour per iod  i n  8 h i gh b r e ed i ng i ndex  
and 8 low  breeding i ndex h e i fers  t rea t ed wi t h  
p roge s t erone CIDRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 1  

P lasma concen t ra t i ons o f  urea , T 1 8 2 4 , NaSCN and 
c rea t i n ine in response to the chal lenges of urea  
( 60 mg /kg lw t ) , T1824 ( 1  mg/ kg lwt ) and NaSCN 
(20 mg /kg lwt ) i n  8 h i gh breed 1 ng i nd ex and 8 l ow 
b reed 1 ng i ndex  h e i fers  t re a t ed w1 t h  p roges t e rone 
C I DRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 2  

P lasma con c en t ra t i ons  o f  NEFA and glucose i n  
r e s ponse t o  adrenal i n e  challenge ( 1  �g/kg lw t )  
adm1n i s t ered a t  -2 h r ,  7 h r ,  22 h r1 and 7 0  h r  
r e l a t ive  t o  t he t i me o f  feed i ng i n  8 h 1 gh breed i ng 
i nd e x  and 8 low b reed i ng i ndex  h e i f e r s  t rea t ed wi t h  
p roge s t erone CIDRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 5  



Figure  5 . 5  

F i gu r e  5 . 6  

F i gu r e  5 . 7  

F i gu r e  5 . 8  

Figure 5 . 9  

xv i i  

Plasma concen t r a t i ons o f  gluc o s e , u rea , c r ea t i n i n e , 
NEFA1 i n s u l i n  and glucagon over a p e r i od of 7 2  h 
fas ting and r e feed ing i n  8 h igh b reed i ng index and 
8 l ow breeding i ndex h e i f e r s  t re a t ed w i t h  
prog es t e r one CI DRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 1 7  

Plasma c oncen t r a t i ons o f  insu l i n  and glucose i n  
response  t o  glucose chal lenge ( 1 50 mg/kg lw t )  
admin i s t e red a t  - 2  hr , and +46 hr  r el a tive t o  
the w i t hd r awal o f  proges t e rones CI6R i n  8 h igh 
breed i ng i ndex and 8 low breeding index h e i f e r s  . . . . . .  1 1 9  

The r a t e  o f  eat i ng i n  terms o f  amoun t and 
p e r c en t ag e  of a l lowanc e  c onsumed p e r  un i t  
t i me , o r  amou n t  o f  allowanc e  cons umed 
dur i ng s u c c es s i ve t i m e  i n t e rvals o f  20 m i nu t es 
on d a¥ 1 and d ay 8 o f  expe r imen t i n  8 h igh 
breed1ng i ndex and 8 l ow breeding index he i fe r s  . . . . . .  1 2 2  

The r a t e  o f  ea t i ng ,  i n  t erms o f  p ercen tage, 
o r  amoun t o f  allowanc e  consumed measured a t  
8 0  m i n u t es a f t e r  f eed i ng1 a t  2 0  hour s  b e f ore 
and 28 hours a f t e r  the  Wi thdrawal o f  prog e s t e r one 
CIDRs i n  8 high b reed i ng i ndex and 8 low breed ing 
index h e i f ers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 3  

Plasma concen t ra t i ons o f  proges t e r one rela t i ve t o  
day o f  C I DR wi t hd rawal in  8 high breed i ng index 
and 8 l ow breed i ng index h e i fers  . . . . . . . . . . . . . . . . . . . . .  1 2 4  

F igure  5 . 1 0 Haema t o c r i t i n  8 h igh bree d i ng index and 8 l ow 
breed i ng i ndex he i fers  t rea ted wi t h  p rogeste rone 
CIDRs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 2 4  



Table  1 . 1  

Table 1 .  2 

Table 1 .  3 

Table 4 . 1  

Table 4 . 2  

Table 4 . 3a 

Table 4 . 3b 

Table 4 . 4  

Table 5 . 1  

Table 5 . 2  

xvi i i  

LIST O F  TABLES 

Her i t ab i l i t i e s  ( h 2 ) o f  serum componen t s  and gene t i c  
correl a t i on s  ( r ) wi t h  305 day m i lk p r oduc tion . . . . . . . .  9 g 
He r i tabi l i t i e s  ( h 2 ) ,  r e pea tabi l i t i e s  ( R ) , and 
gene t i c  c o r r e la t i ons  ( r  ) of s e rum c om ponen t s  
wi th  grow t h  r a t e  i n  B r i!Ish Fr i e s i an bull  calves . . . . . . .  9 

Summary o f  t h e  repo r t e d  d i f f erences  i n  plasma 
me t abol i t e  and hormone concen t ra t i ons be tween 
h i gh and l ow gene t i c  mer i t ca t t l e  wi t h i n  breed . . . . . . . . 2 6  

Means and s t an dard e r r o r s  ( SE )  f o r  t h e  in t egra ted  
p l asma hormone and m e t abo l i t e  concen t ra t i ons 
c o l le c t ed at 1 0  m i nu t e  i n t ervals  over a 6 hour 
period  in 8 HBI and 8 LBI he i fe r s  . . . . . . . . . . . . . . . . . . . . .  8 3  

Charac t e r i s t i cs o f  GH and ins u l i n  s e c re t i on 
d e t e rmined f r o m  the  analys es o f  t h e i r  
c oncen t ra t i on s  in pla sma samples  c o l l e c ted a t  
1 0  m i nu t e  i n t e rvals f o r  6 hours f r o m  the HBI 
and LBI h e i f e r s  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  84 

Means and s t andard errors  ( SE )  for v a r i ous 
parame t er s  d e s cr i b i ng glucose d i sa ppearance 
a f t e r  g l u c o s e  injec t ions of 75 , 1 5 0 and 300 
mg/ kg lw t i n  8 HBI and 8 LBI h e i f e r s  . . . . . . . . . . . . . . . . . .  8 7  

S i gn i f i can c e  o f  s e l e c t i on l i ne , d o s e  o f  glucose 
i nJe c t ed and l i ne x d o s e  e f f e c t s  on parame t e r s  
d e s c r i b i ng glucose d i s appearanc e  cu rves f rom t h e  
p lasma f o l lowing glucose  inj e c t i ons o f  0 ,  75 , 1 50 
and 300mg/ kg lwt In 8 HBI and 8 LBI h e i f e rs . . . . . . . . . . . 8 7  

Means and s t andard e r rors  for  var i ou s  i n s u l i n  
parame t e r s  d e s c r i b i ng the  i nsu l i n  d i s appearance 
curves a f t e r  i nsul i n  i nj e c t ion  of 1 �g/kg lwt 
in 8 HBI and 8 LBI he i fers  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 9  

Kine t i cs o f  d i s t r i bu t i on and d i s appearance o f  
urea , T 1 8 2 4  and NaSCN i n  8 HBI and H LBI h e i f e r s  
f ollow i ng i n j e c t i ons  of  urea ( 60 mg/ kg lw t) , 
T1824  ( 1  mg/kg lw t ) ,  and NaSCN (20 mg/kg l w t ) . . . . . . .  1 1 4 

Glucose k i n e t i cs measured a t  2 hours before and 4 6  
hours a f t e r  CIDR wi t h d raval i n  H B I  a n d  LBI he i f er s  
t ha t  r e c e i ved  gluc o s e  challenges ( 1 50 mg / kg lwt ) . . . . .  1 20 



CHAPTER ONE : INTRODUCTION 



CHAPTER ONE:INTRODUCTION 

I .  Dai ry cat tle breeding and the role of  gene t i c  markers 

1 .  P r ogeny t es t i ng and i t s l i mi t a t i ons  

1 

The f undamen t a l  a i m  o f  d a i ry cat t l e  breed i ng p rogrammes i s  t o  

e s t i ma t e  t h e  gene t i c  mer i t  o f  a n imal s i n  a popu la t i on and s e le c t  t h e  

supe r i or i nd i v i duals  f o r  breed i ng the  nex t genera t i on ,  s o  i n c reas i n g  

m i lk p ro d u c t i on a n d  p rodu c t i v e  e f f i c i ency . Cur ren t p rogeny t e s t i ng 

s chemes f o r  e s t i m a t i ng the breed i n g  values  o f  super i o r  b u l l s  a r e  bas e d  

on the  t h e o ry o f  quan t i t a t i ve gene t i cs . In  those s chemes , y oung bul l s  

a r e  ma t ed by a r t i f i c i a l  i ns em i na t i on ( A I ) t o  a large number  o f  c ows i n  

a range o f  envi r onmen t s  ( e . g .  d i f fe r e n t  d a i ry farms t hr oughou t  t h e  

c oun t ry ) . The m i l k  produc t i on o f  t h e  d augh t e r s  i s  measured and u s e d  t o  

a s s e s s  t h e  gene t i c  mer i t o f  t h e  bulls . A l t h ough t he gene s  o f  t h e  

i d en t i f i ed supe r i o r  bulls can t hen be  d i s s emina t ed w i d e ly b y  AI , t h e  

r a t e  o f  gene t i c  i mp rovemen t i s  s t i l l r e l a t ively s low a n d  p rogeny 

t e s t i n g  i s  expens i ve . Thi s  i s  ma i nly be cause a l arge number o f  

daugh t e r s  i s  requi red t o  calcula t e  bree d i ng values o f  t h e  bul l s , and 

the r e s u l t s  are  n ormal ly no t ava i l able un t i l  the bulls  are 5 t o  6 years 

o l d  ( i . e .  the  gene r a t ion  i n t e r val is  very long ) . In  add i t i o n , t h e  

gene t i c  me r i t  o f  b reed i ng h e i f e r s  i s  n o t  e s t i ma t ed accura t e ly b y  t h e  

cur ren t b reed i ng s chemes . S i mu l a t ed g e n e  f l ows i nd i ca t e  t h a t  a c c ura t e  

s e l e c t i on o f  t he d ams o f  t h e  f e male replacemen t s  i s  requ i red f o r  

max i mum gene t i c  g a i n  ( McDan i e l  and Dan t i ne 1 983; Woo l l i ams and Smi t h  

1 988 ) .  F u r ther , t h e  c orrela t i on b e tween t h e  f i r s t  l a c ta t i on ( n o rmal ly 

only t h i s  i nforma t i on i s  used f o r  calcu l a t i ng the b re ed i ng value o f  t h e  

bul l )  and the  l i fe t i me per f o rman c e  o f  t h e  h e i f e rs i s  no t un i ty ( Powel l  

e t  al . 1 981;  Powel l  and No rman 1 988 ) . All o f  these  f a c t o r s , b u t  

par t i c u l a r ly t h e  l ong gene ra t i on i n t e rva l , cons p i r e  t o  l i mi t t h e  ra t e  

o f  gene t i c  ga i n  i n  curren t d a i ry b reed i ng p rogramme s . 

2 .  P o t en t i a l  uses  o f  t i c  marke r s  i n  dai 

The development o f  gene t i c  marke rs ( i . e . me t a bo l i c  

charac t e r i s t i cs o f  an animal wh i ch may b e  used t o  p r ed i c t  gene t i c  

mer i t )  could  have a number o f  a dvan t ages for  t h e  d a i ry i ndus t ry ,  
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par t i cu l a r l y  i f  t h e  u s e  o f  the marker s  was i nexpen s i ve and app l i cable  

to  b o t h  bul l s  and  h e i f ers. These  p o t en t i al bene f i t s  i n c lu d e: early 

i d en t i f i ca t i on of  both  bul l s  and  he i fers  of  supe r i or gene t i c  me r i t ,  

a l l owing s ho r t e r  genera t i on i n t e rva l s ; i n c r e ased chance t h a t  

exce p t i on a l  i nd i v i duals  would  be  i d en t i f i e d  b ecause a larger number o f  

c a t t le , and thus a larger gene t i c  p oo l ,  could  b e  s creened ; ma t i ng s  

whe r e  bo t h  t h e  hei f e r s  and bulls h a d  been s e l e c t ed f o r  supe r i or gene t i c  

me r i t ;  r e d u c t i on o f  breed i ng cos t s  i f  t h e  u s e  o f  gene t i c  marke r s  was 

able t o  r e p lace the  p ro geny t es t ; early cull ing of i n fe r i o r  bul l s  and 

h e i fers ; and more accura t e  compar i son of the  gene t i c  value of animals  

f r o m  d i f f e r e n t  herds  or  d i f f er en t c oun t r i es. The c ombina t i on o f  t h e s e  

c o u l d  l e a d  t o  annual r a tes  o f  gene t i c  i mprovemen t subs tan t i a l ly grea t e r  

t han the  p re s en t 1 - 1 . 5  % ( Blake e t  a l . 1 9 8 6 ; S t randlberg and Dane l l  

1 9 88 ) . 

I I . Approaches to identifying genetic markers 

The r e  a r e  two mai n  approaches wh i ch can be t aken in t h e  s ea r ch f o r  

gene t i c  marke r s . One rel i es o n  compar i sons be tween an i ma l s  f r o m  

s e l ec t i on l i nes and the  o t her on compari sons  be t ween bul l s  wh i ch have 

been p rogeny t e s ted  and whose  gene t i c  m er i t i s  a c c u ra tely known . 

1 .  S e l e c t i on l i ne s  

The s e l ec t i on o f  super i or bulls  and t h e i r w i d e  u s e  i n  AI 

p r ogrammes i n  the  pas t three  decades has f ac i l i t a t ed the d e v e l o pment  o f  

l i nes o f  d a i ry c a t t l e  d i f f e r i ng i n  gene t i c  me r i t for  m i lk p ro d u c t i o n . 

Such l i n e s  a r e  now avai lable i n  s everal coun t r i e s  i nclud i ng England , 

t h e  Un i t e d  S t a t es o f  Ame r i ca, Denmark and New Zeal and. The s e  l i nes  a r e  

ma i n t a i ne d  b y  s e l e c t i ng he i fers  o f  low o r  h i gh gene t i c  mer i t ( based  o n  

ave rage paren t a l  mer i t )  and mat i ng t h e m  t o  b u l l s  o f  approp r i a t e  gene t i c  

me r i t  as  a s s e s s e d  by p r ogeny t e s t i ng . Lines  d i f f e r i ng i n  mean breed i ng 

values by 2 0  t o  30% h ave been es t ab l i shed by t he s e  procedu r e s . 

I n  general , s e l e c t i on for  m i lk y i e ld ,  e i t h e r  i n  spe c i al l i nes  o r  

i n  the po pula t i on a s  a who l e, has r e su l t ed i n  the  p r o du c t i o n  o f  

gene t i ca l ly supe r i o r  c ows wi th  t h e  f o l low i ng charac t e r i s t i cs ( Bryan t 

and T r i gg 1 98 1 ; Davey e t  al . 1 983;  Barnes et a l. 1 985;  Bauman e t  
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a l . 1 9 8 5 ; G r a i ng e r  e t  al , 1985 ; P e e l  and Bauman 1 9 8 7 ; H o lmes e t  al . 

1 98 7 ; H olmes  1 9 8 8 ): 

a )  i nc re a s e d  y i e ld of m i lk and m i lk s o l i d s ; 

b )  s i m i l a r  m i lk s o l i d s  con t en t ,  o r  smal l i n c reases i n  m i lk f a t  

concen t ra t i o n  ( i n N Z )  o r  s l i gh t ly reduced concen t ra t i on o f  

s o l i ds ( i n o t h e r  coun t r i es ) ;  

c )  i n cr eased  m i lk f l ow and m i lking t i me ; 

d )  s l igh t ly l i gh t e r  we i gh t s  i n  F r i e s i ans , b u t  heav i e r  w e i gh t s  i n  

J e r s eys ; 

e )  i n c r e a s e d  feed  i n t ake per uni t o f  l i ve weigh t ; 

f )  n o  d i f f e rence i n  ab i l i ty t o  d i ge s t  o r  me t abo l i s e  gross 

d i e t a ry energy ; 

g )  more  e f f i c i en t convers i on o f  f e e d  i n t o  m i lk ,  i . e .  a g re a t e r  

p or t i on o f  d i e t a ry energy bei ng c onve r t ed t o  m i lk ; 

h )  l o s e  m o r e  o r  ga i n  less  LV dur i ng lac t a t i on ;  

i )  n o  d i f f e rence i n  fas t i ng heat-produ c t i on o r  i n  ma i n t enanc e  

e n e rgy requ i remen t s  dur i ng t h e  non- lac t a t i ng p e r i o d ; 

j )  grea t e r  udder  volume ( 1 / c ow ,  o r  l / kg· 7 5 ) ,  but  s i m i lar  m i l k  

s e c re t i on p e r  uni t o f  udd e r  volume i n  J er seys .  In 

F r i e s i ans , n o  d i f fe ren ce ex i s t s  i n  udd e r  v o lume bu t s u pe r i o r 

c ow s  have grea t e r  m i lk s e c re t i o n  per  un i t  o f  udder volume ; 

k )  Subs t an t i a l  d i f ferences i n  par t i t i o n i ng o f  absorbed n u t r i en t s t o  

m i lk s e cre t i on vs t i ssue depos i t i on. 

The maj o r  advan t age o f  s t udy i ng s e l e c t i on l ines i s  t h e  subs t an t i a l  

d i f f e r e n c e s  i n  average gene t i c  me r i t  whi ch exi s t  be twee n  t h e  l i nes , 

even t hough the  gene t i c  values o f  i nd i v iduals w i t h i n  a l i ne a r e  

unknown . Ther e f o r e  the  phys i o logi c a l  d i f f erences assoc i a t ed wi t h  t h e  

gene t i c  s e l e c t i on a r e  max i m i s e d  be t ween t he l i ne s  and c a n  b e  i d en t i f i ed 

more eas i ly .  The i d en t i f i ca t i on o f  these  phys i o logi cal d i f f e rences , i n  

the  s e l e c t i on l i ne  cows o r  t he i r  calves , may be used  a s  a me t ho d  o f  

i d en t i f y i ng p o t en t i al gene t i c  marke r s . 

Howeve r , t h e  u s e  o f  the s e le c t i on l ines  f o r  

marker s  a l s o  h a s  t h e  fol low i ng r es t r i c t i ons : 

i d en t i f y i ng gene t i c  

a )  only l im i t ed gene 

poo l s  a r e  u s ed to c r ea t e  thes e  l i n es so tha t  resul t s  m ay n o t  b e  
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r e presen t a t i v e  o f  t h e  whole  popula t i on ;  b )  gene t i c  dri f t  may o ccur i n  

t h e  small  popu l a t ion o f  t he l i nes ; and c )  t h e  e s t i ma t ed gene t i c  mer i t  

( eg v i a  u s e  o f  anc e s try records ) o f  a l i n e  may over e s t i ma t e  or 

underes t i ma t e  t h e  a c t u a l  gene t i c  mer i t  p ar t i cular ly i f  the popula t i on 

i s  smal l . 

2. Pro geny tes t e d  bul l s  

Ano t her approach t o  i d en t i fy i ng gen e t i c  markers i s  t o  compare t h e  

phy s i olog i cal charac t er i s t i c s  o f  young bulls whose  gen e t i c  m er i t i s  

a c c ur a t e ly d e t ermined by progeny t es t .  Th i s  me t hod has two maj or 

advan t ages over use o f  selec t i on l i ne s : a )  t h ere should be  n o  

env ironme n t al covar i a t i on be tween marker level s  and m i lk y i el d  as  t he 

e f f e c t has been  c orrec t e d  i n  progeny t e s t i ng by hav i ng daugh t er s  o f  t h e  

b u l l s  repres e n t e d  i n  a range o f  f arms i n  d i f f eren t environmen t s ; b )  

t h e  gene t i c  var i a t ion  f or m i lk produ c t i on o f  t h e  bulls i s  e s t i m a t ed  

w i t h i n  t h e  range from wh i ch fur t her gene t i c  i m provemen t is  to  be made 

( whereas t h e  d i f f erence i n  sele c t i on l i nes  may n o t  repres e n t  the f u t ur e  

d irec t i on o f  s e l e c t i on pressure because the l ow l i ne s , i n  par t i cular , 

are n o t  o f  s i m i l ar bre e d i ng values t o  t h e  bulls whi ch we wi s h  t o  s e le c t  

us i ng marker s ) .  However , the u s e  o f  progeny t e s t i ng i s  expens i ve and 

has  t he d i s advan t age o f  a l ong i n t erval b e tween the  t i me when markers 

can  be  meas ured ( normally when bulls  are 1 2 - 1 5  mon ths  o f  age ) and when 

t h e i r  gene t i c  mer i t  can be  evalua t ed ( a f t er the progeny t e s t resul t s  

b e come avai la b l e  when bulls are 4-5 years o f  age ).  Al t erna t i ve ly , 

o l d er bulls , wh i ch have already been pro geny t e s t ed ,  can be  u s e d  t o  

i d en t i fy t h e  gene t i c  markers . Th i s  me t h od rel i es on the a s s um p t i on ( as 

y e t unproven ) t h a t  t here are s trong c orrela t i ons be tween t h e  marker 

values when measured i n  young bul l s  and in t h e  s ame bulls when t hey are 

5 years o f  age or older . The logi s t i ca l  prob lems o f  hand l i ng mat ur e  

b u l l s  are a l s o  much gre a t er . 

III.  Types of gene t i c  markers 

Con s i d erable  a t t e n t i on has been g i ven, i n  t he p as t ,  t o  

c o n f orma t i onal  or type tra i t s  as pred i c t ors o f  gen e t ic mer i t  (e . g .  i n  

h e i f er s e l e c t i on ) .  Though gene t i c  c orrelat i on s  may ex i s t  b e tween t h e s e  

tra i t s  and m i lk y i e ld t h e  resul t s  have b e e n  i ncons i s t en t  ( Gowen 1 9 33 ;  
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Touchber ry 1 95 1 ; B lackmore e t  al . 1958 ; No rma n  e t  a l . 1 9 8 1 ; S i e b e r  

e t  al . 1 988 ) , and gene t i c  i mp rovemen t v i a  t h i s  rou t e  has been s low . 

I t i s  e v en repor t ed t h a t  cows sele c t ed f o r  con f o rma t i on t ra i t s  p r o d u c e d  

less  m i lk t han t h o s e  s el e c t ed d i re c t ly f o r  inc reased m i lk y i e l d  

( Voelker  and Ludens 1 9 8 2 ) . 

Ano ther  approach t o  i nd i re c t  selec t i on i s  t o  i d en t i fy b i o chemi c a l  

charac t e r i s t i cs wh i ch a r e  l i nked wi th  the  genes d e t ermin i ng m i l k  

p roduc t i on and c o u l d  be  u s e d  as  gene t i c  marke r s  f o r  pred i c t i ng d a i ry 

mer i t .  Over the  l a s t 40 years much work has been d one t o  s t udy t h e  

rela t i on s h i p  be tween m i lk p roduc t i on and the  p o lymorphi sms presen t i n  

var i ou s  bov i ne pro t e i ns  ( rev i ewed by K i ddy 1 9 7 9 ;  Gahne 1 9 8 2 ) . M o r e  

r ecen t ly p olymo rph i sms i n  DNA and the pos s i b l e  l i nkage wi t h  m i lk 

p ro du c t i on have r e c e i ve d  much a t t en t i on . Moreove r , gene t i c  var i a t i o n  

i n  me t ab o l i c  t rai t s  s u ch a s  blood concen t ra t i on s  o f  me tabo l i t e s  and 

hormones has been i d en t i f i ed i n  dai ry ca t t l e  ( Ki t chenham et  al . 1 9 75 ; 

S t ark e t  al . 1 9 7 8 ; P e t erson e t  al . 1 9 8 2 ) , e s p e c i al ly b e tween 

gen e t i c a l ly d i vergen t l i nes of  dai ry ca t t le ( T i l akara t ne et  al . 1 98 0 ; 

Flux e t  a l . 1 984 ; Barnes e t  al . 1985 ) . Thus a number o f  p o t en t i a l  

gene t i c  marke rs o f  l a c t a t i onal performance ex i s t .  

1 .  Polymorph i sms 

1 )  P ro t e i n p olymo r ph i sms 

P r o t e i n  po lymor ph i sm is due t o  d i f ferences i n  one or more ami n o  

a c i d s  i n  the p ro t e i n  mol ecul e , and i s  con t ro l led  by s i ngle o r  mul t i pl e  

a l l e l e s  w i th  s i mple  i n h e r i tance. There are nume r ous repo r t s  s t ud y i ng 

t h e  rela t i onships  be tween t h e  p o lymorph i sms o f  var i ous s e rum and m i lk 

p ro t e i ns and m i lk y i e l d  i n  dai ry c a t t le .  F o r  e xample , t h e  pos s i bl e  

r e la t i on s h i p  be tween p o lymorphi sms i n  red blood c e l l  ant igens and m i lk 

p roduc t i on has been exam i ned ex t ens i vely i n  d i f f eren t popu l a t i on s  o f  

d a i ry c a t t le o f  vary i ng s i z e  and gene t i c  d i ve r s i ty. However , only t h e  

B group has been cons i s t en t l y  a s s o c i a ted w i t h  changes i n  p e r c en t age o f  

m i lk f a t  ( N e i mann-So rensen and Robe r t s on 1 9 6 1 ) .  These rela t i onsh i p  a r e  

n o t  su f f i c i en t ly s t r ong t o  have any prac t i ca l  value f o r  sele c t i n g  

s u pe r i o r  an i mals. 
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E f f e c t s  o f  p olymor p h i sms i n  o t h e r  bovine p r o t e i ns and enzyme s , 

s u ch as t h e  maj or h i s t o c ompat i b i l i ty  c omplex ( MH C ) , t rans f e r r i n  ( T f ) , 

a my l ases  ( Ami ) and alka l i ne phospha t as e  ( Akp
) on m i l k  t ra i t s  have a l s o  

b e e n  exam i n e d  b y  many worker s  ( se e  revi ews : Ki d dy 197 9 ;  Gahne 1982 ) .  

D e sp i t e  t h e  h i gh inc i d e n c e  o f  p o l ymorph i sms i n  these p r o t e i n s  and 

enzymes in ca t t le , c ons i s t e n t  a s s o c i a t i ons  be t ween par t i cu l a r  

p o lymo rph i s ms and m i lk p roduc t i on have no t b e e n  e s t ab l i shed . An 

e x ce p t i on i s  in m i l k  p r o t e i n  p olymorph i s m  wh i ch has been found to b e  

r e l a t ed t o  m i lk y i eld , m i lk c ompos i t i on and p r o c e s s i ng p r o pe r t i e s  o f  

t h e  m i lk ( Mc l ean e t  al . 1 98 4 ; G i bson 1987 ) .  

Sele c t i on f o r  polym o r p h i sms wi t h  s i mple i nh e r i t ance , i n  t he o ry , 

h a s  l i m i t e d  value i n  d ai ry ca t t l e  breed i ng unless maj o r  gene s  

r egul a t i ng m i lk p roduc t i on a r e  d i s covered . Th i s  i s  b ecau s e  even i f  t h e  

i n i t i al gene t i c  correla t i on be t ween the marker t ra i t s  and m i lk 

p r o du c t i on i s  s t rong , s e l e c t i on w i l l  soon f i x  t hese  alleles  and reduce 

t he gene t i c  c o r r e la t i on to  z e r o . 

2 )  DNA P olymorph i sms 

Po lymor ph i sms of p r o t e in s  e s s en t i ally r e f l e c t  p o lymorph i sms in t h e  

genom i c  DNA . These mu t a t i ons c a n  o c c u r  as s ingle nuc l e o t i d e  

s u bs i t u t i on s , o r  they can invo lve the ga i n , l o s s  o r  rear rangemen t o f  

n u c l e o t i d e s  i n  s egmen t s  o f  up  t o  a f ew t housands nuc leo t i d e s . Recen t 

deve l o pmen t s  i n  the analys i s  o f  DNA have revealed a large amoun t o f  

v a r i a t i o n  i n  the  compos i t i on o f  gene t i c  ma t e r i al wi t h i n  

i n clud i ng c a t t l e  ( Kashi  e t  a l . 1 9 8 6 ; F r i es e t  a l . 198 9 ) .  

s p ec i es 

Res t r i c t i on F ragme n t  Leng th Po lymorph i s m  ( RFLP ) :  Hybr i d i z a t i on 

p a t t e rns o f  c l oned and labelled DNA s equenc e s  ( " probes " )  w i t h  RFLP 

p ro v i d e  a d i re c t  meas u r e  of var i a t i on in the genom i c  DNA . They a r e  

d e t e c t ed b y  s epara t i ng ,  b y  g e l  e l ec t r o phores i s , f ragmen t s  o f  ( RFLP ) DNA 

d e r i ve d  f rom the  d iges t i on o f  genom i c  DNA w i th  r es t r i c t i on 

endonucleases  ( Mon tgomery e t  a l . 1988 ) .  Changes i n  t h e  l eng t h  o f  

RFLPs can r e s u l t from an i nser t i on o r  a d el e t i on o f  a p i e c e  o f  DNA 

b e t w e en the e nzyme cu t ting si t e s , but  the  maj o r i ty o f  RFLPs revealed s o  

f a r  appear t o  b e  s ingl e  p o i n t  mu t a t i o n s . 
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The RFLP has p o t e n t i al appl i ca t i o n  i n  dai ry bree d i ng as  a means o f  

i d en t i f y i ng the maj or genes f or m i lk produc t i on or the l i nkage o f  

marker l o c i  wi t h  the maj or gen e s . I t  may b e  that  gene t i c  s e le c t i on has 

f av oure d  a c t i v e  regu l a t ory var i an t s  of genes f or hormones s u ch as  GH 

and pro l a c t i n , wh i ch are required t o  sup por t mammogene s i s  and 

lac t ogenes i s  ( Cowi e e t  al . 1 980 ) . Hallerman e t  a l. ( 1 9 87 )  r e c en t ly 

s t u d i e d  t h e  RFLPs i n  Hols t e i n - Fr i e s i an ca t t l e  a t  the  GH and prolac t i n  

l oc i , and found c ons i derable  var i a t i on i n  the GH locus t h a t may b e  

cau s e d  by genomi c  i ns er t i on / d e l e t i on ,  wh i l e  few RFLPs were pres en t  a t  

t h e  pro l a c t i n l o c i . The i r  rela t i onsh i p  wi th m i lk y i e l d  has no t ,  

however , been exam i n ed. 

DNA F i ngerpr i n t  ( DNAF P ) :  DNAFP i s  a t e chn i que to measur e  the  

h i ghly var i able r egi ons pre s e n t  i n  several shor t sequences  of  t h e  DNA 

m o l e c u l e  d e f i ne d  as " mi n i s a t e l l i tes'' . The m i n i sa t el l i t e  l en g t h  

vari a t i on i s  d e t ec t ed us i ng res tri c t i on enzymes tha t d o  no t c u t  the  

r e p e a t  u n i t ,  resul t i ng i n  a set  o f  s t ably i nheri t ed markers t ha t  are 

h i gh l y  p o lymorph i c .  The mul t i p le band i ng p a t t erns s o  produced c on tras t 

wi t h  t h e  s i ngle band o f  t he RFLPs . The i nher i t ance o f  v ar i a t i on i n  

DNAF P  i s  also  i n  a Mend el ian manner . The mechan i sm o f  gene t i c  

var i a t i o n  con tro l l i ng quan t i t a t i v e  tra i t s  has been a t tri bu t ed t o  m i nor 

var i a t i o n  a t  regu l a t ory s i t e s  v i a  their i n f luence upon s tru c t ur a l  gene s  

( Ro b er t s on 1985 ) . Thus s tud i e s  o f  var i a t i on i n  DNAFP a n d  RFLPs may 

lead t o  an unders t an d ing of t h e  gene t i c  me chan i sms con tro l l i ng m i l k  

prod u c t i on ,  and a l low t h e  man i pula t ion o f  quan t i t i ve tra i t s  a t  t h e  

genom i c  level ( Be ckman and Sol ler 1987 ; Fr i e s  e t  al . 1 9 89 ) . 

2 .  M e t ab o l i  charac t er i  i c s  

Evi dence f or gene t i c  var i a t i on i n  phys i ol ogi cal  tra i t s  has been 

f ound in  d a iry c a t t le i n  recent  years ( Har t et  al . 1 9 7 8 ; S t ar k  e t  a l . 

1 9 7 8 ; G i bson e t  al . 1 9 8 7) . The s i gn i f i cance and p o t en t i a l  u s e  o f  

t h e s e  trai t s  a s  g en e t i c  markers has  been emphas i zed by s everal recen t 

revi ews ( G orski 1 9 7 9; Land 1 9 8 1; Pol lak e t  al . 1 984; Sej r s en and 

Lovendah l 1986 ; Woo l l i ams and Smi t h  1 988; M cCu t cheon and M ac ken z i e  

1 9 89 ) . 
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I t  is  known tha t milk produc tion is in f luenced by p o lygenic 

me c hanisms and tha t variation in yie l d  be t we e n  cows can be  a t t ribu t e d  

p a r tial ly t o  dif feren c e s  i n  t h e  c omplement  o f  addi tive g en e s  p r e s en t . 

Thes e  addi tive genes may involve t h e  r egula tion o f  a few o r  many o f  t h e  

physiologica l  p a t hways essential t o  milk produc tion b y  modif ying t h e  

amoun t o r  a c tivi ty o f  enzymes and h o rm ones . T h e  in t erac tions o f  t h e s e  

me t aboli t e s , enz ymes a n d  h ormones may be m o r e  impo r t an t  t han t h e  

absolu t e  amo un t s  t hemse lves . Gen e tic con t ro l  o f  mil k  yie l d  is  

p olygenic , and a number of  loci a r e  likely involved . The s e  genes  may 

be exp r e s s e d  in the  f emale at dif f e ren t s t age of mammogenesis , 

l a c t ogenesis o r  gala c t opoiesis , and would b e  o f  great  po t e n tial u s e  as  

gene tic marke r s , in  bul l s  and hei f e r s , i f  expressed be fore  pube r ty .  

Gen e t i c  c o r rela tions be tween mil k  p roduc tion and p olygenic 

me tabolic t rai t s  may be causal whe n  the  me taboli t e  is  a p r e cu rs o r , 

p r o duc t ,  o r  ( t o a l e s s e r  e x t en t )  by- pr o duc t o f  mil k  syn t he sis . This 

r e p resen t s  a c o rrela tion be tween in t ermedia t es and the end p r o duc t s  o f  

t h e  same physiological reac tion . Thus , any me t abo lic charac t eris tics  

c o r rela t e d  wi t h  gene tic  meri t  (as  assessed  by  ongoing o r  p o t en tial 

p r o duc tion ) may be u s e ful p redic t o rs of gen e tic  meri t for quan t i t a tive 

t rai t s . 

The u s e f ulness o f  physiological t rai t s  as  g ene tic marker s  f o r  mil k  

p r oduc tion wil l , howeve r ,  d epend u p o n  s everal parame t e rs o f  t h e  t rai t s  

inc luding t heir heri t abili ty ( h 2 ) ,  gene tic cor rela tion wi t h  mil k  

p roduc tion ( r ) and repea tabili ty ( R )  ( Rowlands a n d  Mans t on 1 9 7 6 ) . g 
Heritabili t y  ( h 2 ) is t h e  genetic varia tion expressed  as  a p ro po r tion o f  

pheno typic v a ria tion , whil e  r measures the  rela tionship b e tween t he g 
marker t rai t s  and the breeding value. Repea tabili t y  is  t h e  c o r r e l a tion 

be t ween r e pe a t ed records  on  an individual animal . The r e s ponse  in 

gene tic imp rovemen t by using marker t rai t s  wil l  be valuab l e  only i f  

these  parame t er s  h2, r and R are s u f fi cien t ly large . g 

Rela tively high values have been r e po r t ed f o r  some o f  t h e s e  

parame t e r s  in the  limi t ed s tudies available a n d  t h e s e  resu l t s  e n c o urage 

the s e a r c h  for me t a bo lic  marker s . S t ark e t  al . (19 7 8 )  found 

signi fican t gene tic c o r re l a tions be tween the  b r eeding values ( based  o n  

p r ogeny t es t )  o f  F riesian bulls and blood concen t r a tions o f  u r e a  
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( r  =0 . 2 4 ) ,  i no rganic phos pha t e  g ( r  =-0. 2 4 ) , and po t a s s i um ( r  =-0 . 25 )  g g 
( all P<0 . 05 ) . P e t e r s on e t  a l . ( 1 98 2 )  repo r t ed t h a t  t he h e r i t a b i l i t i e s  

f o r  p lasma 

amylase are 

y i eld and 

leve l s / ac t i v i t i es o f  alkal i ne phos ph a t ase, c r e a t in i n e  and 

mod e ra t e ly h i gh and tha t gene t ic correl a t i ons be tween m i lk 

alka l i ne pho s phatase  and c r ea t i n i n e  a r e  large ( Ta b l e  1 . 1 ) .  

Thes e  resul t s  were conf i rmed i n  several o t h e r  s t ud i e s  ( T i lakara t ne e t  

a l . 1980 ; Rowlands e t  al . 1 98 3, Tab l e  1 . 2 ;  Ma e t  al . 1 9 85 ) . The 

r e p e a t ab i l i t i es of p lasma i nsu l i n, GH , T 3 and T4 concen t ra t i ons  w e r e  

Table 1 . 1  H e r i t a b i l i t i e s  ( h 2 ) o f s e rum componen t s  and 
gene t ic c o r r e la t i ons ( r  ) wi t h  305 d ay m i lk p roduc t i o n .  g 

m i lk f a t  p ro t e i n  

Urea 0 . 1 7 0 . 4 6 0 . 5 3 0 . 3 3 
Ur ic ac i d  0 . 1 4 0 . 3 9 0 . 48 0 . 40 
To tal  p r o t e i n  0 . 20 0 . 1 5 0 . 06 0 . 06 
Albumi n  0 . 1 9 0 . 3 3 0 . 2 3 0 . 3 3 
Alka l i n e  phos pha t a s e  0 . 52 -0 . 94 -0 . 9 1 -0 . 8 9 
SGOT 0 . 1 7  0 . 1 9 0 . 20 0 . 1 2 
Crea t i n i ne 0 . 44 -0 . 60 -0 . 60 -0 . 68 
Po tas s i um 0 . 2 3 0 . 5 7 0 . 1 6 0 . 45 
Amylase 0 . 43 0 . 2 1 0 . 1 0 0 . 02 

( P e t e rs on e t  a l .  1 9 8 2 )  

Table 1 . 2 .  H e r i t a bi l i t i e s  ( h 2 ) J r e p e a t ab i l i t i es ( R ) , 
and gene t ic correlat i ons ( r  o f  s erum componen t s  
wi t h  growth  ra t e  i n  B r i t i shg r i e s i an bull calves 

Glucose 
Cho le s t e r o l  
Urea 
Albumin 
Globu l i n  
Haemoglob i n  
Inorgan ic phos pha t e  
Caloum 
Magnes i um 
S o d i um 
Po tas s i um 
Copper 
Grow t h  ra t e  

( Rowl ands e t  a l . 1 9 8 3 )  

0 . 4 1 
0 . 5 3 
0 . 2 9 
0 . 38 
0.65 
0.55 
0 . 49 
0 . 1 6 
0 . 3 3 

0 . 8 2  
0 . 44 
0 . 35 

R 

0 . 47 
0 . 56 
0 . 30 
0 . 64 
0 . 64 
0 . 59 
0 . 5 1 
0 . 4 1 
0 . 53 
0 . 1 4 
0 . 3 9 
0 . 65 

r g 

0 . 30 
0 . 06 
0 . 7 1 

- 0 . 2 9  
- 0 . 1 2 
-0 . 46 

0 .  38 
- 0 . 2 7 

0 . 43 

- 0 . 38 
- 0 . 10 

e s t i ma t ed in young calves of h i gh and low gene t ic mer i t  by Land e t  a l. 

( 1 9 8 3 ) . They conc luded t ha t  whereas t he c oncen t ra t i on o f  i ns ul i n  i n  a 

single sample is a poor indicator of the insulin status of an animal, 
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the  mean o f  several samples i s  a good i nd i ca t o r  o f  t h e  animal ' s  i ns u l i n  

s t a tus  over t i me , a t  l e as t  ove r the  i n t erval f rom 6 t o  1 6  weeks o f  age 

( th e  range o f  ages exami ned i n  tha t s t udy ) . By con t ras t ,  t h e  

concen t ra t i on o f  thyro i d  h ormones in a s i ngle sampl e  i s  i nd i ca t i v e  o f  

the  an i mal ' s  s ta t us a t  t ha t  t i me ,  bu t the  s t a t u s  apparen t ly chang e s  

wi t h  t ime i . e .  t h e re i s  l i t t le var i a t i o n  wi thin  a d a y  b u t  

c on s i d e rable  changes i n  t h e  rank i ng o f  an i ma l s  over a p e r i o d  o f  weeks . 

I t  i s  necessary t o  evalua t e  po t en t i al marke rs i n  the popu l a t i o n  i n  

ques t i o n ,  a t  an age appropr i a t e  t o  the b r e ed i ng p rogramme and u nd e r  

cond i t i ons  s im i l a r  t o  thos e  wh i ch could b e  a p p l i e d  i n  prac t i ce . Th i s  

i s  because t hese parame t e rs o f  the  t r a i t s  can vary among d i f fe re n t 

popul a t i ons  and w i t h i n  a popula t i on due  t o  d i f f erences  i n  g e ne t i c  

componen t s , in pe rmanen t o r  t empo rary env i r onme n t a l  c omponen t s ,  o r  i n  

any c o m b i na t i on o f  t h e s e  c omponen t s  ( Rowland s 1 98 3 ) . The r e f o r e , i t  i s  

p os s i b l e  t h a t  a marke r whi ch i s  e f f ec t i ve i n  one  p o pula t i on may n o t b e  

s o  r e l i able i n  ano t h e r  popul a t i on e.g . No r t h Amer i can v s  New Zealand 

herds . Also  the repea t abi l i ty of  the marke rs may vary wi t h  age , and 

s i n c e  t here  are s u b s t ant i a l  advan t ages i n  s e l e c t i ng at  o r  b e f o r e  

pube r t y ,  i t  wou ld  be  s e n s i ble t o  evalua t e  p o t e n t i a l  marker s  i n  young 

s t o ck .  

IV. Metabo l i c  d i f ferences between divergent dai ry lines sele c t ed 

for mi lk product i on 

D i f ferences i n  p lasma concen t ra t i on s  o f  me t abo l i t es and h ormones 

be tween h i gh and low gene t i c  mer i t  d a i ry c a t t le o f  var i ous ages have 

been r e po r t ed r e c en t l y  by a number o f  r e s ea r c h  g roups . D i f f e r en c es 

have been found i n  bas a l  leve l s , i n  responses t o  f e e d i ng/ f a s t i ng and i n  

res pons e s  t o  me t abo l i c  chal l enges . 

1 .  Basal plasma c oncen t ra t i ons o f  ho rmone and me t abo l i t e s  

1 H ormones 

i )  GH : Tha t GH i s  galac t o po i e t i c  in l a c t a t i ng c ows has l ong b e e n  

known ( revi ewed by : Cow i e  e t  al . 1980 ; McCu t ch e on and Bauman 198 5 ; 
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Peel and B auman 1987 ; Har t 198 1 , 1 9 88 ) .  There f o re i t  i s  n o t  t o o  

s ur pr i s i ng t o  f i nd i n creased G H  c oncen tra t i on s  i n  the p lasma o f  h igh 

gene t i c  mer i t  cows under  v ar i ous  exper i men t al c o nd i t i on s  and among 

d i f f eren t popu la t i ons  ( B arnes et al . 1 985 ; Kazmer e t  al . 1 9 8 6 ; 

B o n czek e t  al . 1 988 ; Lukes e t  al . 1988 ) . The d i f ferences  i n  p la s ma 

GH levels o f  l a c ta t i ng c ows a r e , h oweve r ,  n o t  always s i gn i f i can t ( Flux  

e t  a l . 1 984 ) .  

The e f fec t o f  gene t i c  selec t i on on  plasma GH l evel has a l s o  been 

s t ud i e d  in  young calve s . Basal plasma GH levels were grea t er i n  h i gh 

breed i ng i ndex ( HBI ) t han i n  l ow breed i ng i ndex ( LB I ) calves f ed m i lk 

i n  one tr i al when t h e  calves  were 1 1  t o  18  days o l d  but  s i mi l ar be tween 

the lines i n  a s e cond tr i al whe n  t h e  calves used were 10 d ays o l d e r  

( Xi ng e t  a l . 1988 ) . Land e t  al . ( 1 9 8 3 )  also  repor t ed t h a t  basal 

p l asma GH levels wer e  s i m i lar  i n  h i gh and low gene t i c  mer i t c a lves a t  

2 - 3  mon t h s  o f  age . I n  ano t h er s t udy , basal p lasma GH concen tra t i on s  

w e r e  s i m i l ar i n  HBI and LBI bull calve s a t  8 months o f  age b u t  wer e  

gre a t er i n  t h e  HBI l i ne  dur i ng f as t i ng ( Macken z i e  e t  al . 1 9 88 ) . 

The gre a t e r  GH level  i n  the  h igh gene t i c  mer i t l i ne may be  due t o  

a grea t er GH s e cre t i on i n  t h i s  group . Gre a t er GH release was o b s erved 

in h igh gene t i c  mer i t  c ows a f t er TRH challenge ( Ka zmer et al . 198 6 ) , 

and i n  HBI calves a f t er i nj e c t i on o f  argin i ne on  one  occas i on ( Xi ng e t  

a l . 1 98 8 ) bu t n o t  i n  ano th er s t udy when the  calves  were 1 0  d ay s  o ld e r  

t han t h o s e  used i n  t h e  p revi ous tr i al .  The d i f f erence i n  p lasma GH 

c o n c en tra t i on be tween the h igh and l ow gene t i c  meri t cows dur i ng 

l a c t a t i on may , howeve r ,  re f l e c t  a larger energy d e f i c i t  due  t o  gre a t er 

m i lk s e cr e t i on i n  t h e  h i gh gene t i c  me r i t l i n e , ra t her t han a 

gene t i ca l l y  d e t ermined d i f f erence i n  GH s e cre t i o n . I t  i s  known t ha t  

e n er gy d e f i c i t  i ncreases  p lasma GH concen t ra t i o n  i n  l a c t a t i ng c ows 

( Har t et  a l . 1 9 7 8 ; Flux e t  al . 1 9 84 ) . Al tho ugh a clear rel a t i onsh i p  

b e tween gene t i c  mer i t  and plasma GH levels has n o t  been e s t a b l i shed , 

t h e  d a t a  o f  Macken z i e  e t  al . ( 1 988 ) sugge s t  c o n t ro l  o f  energy balan c e  

may b e  e f f e c t i ve i n  enha n c i ng d i f f erences i n  p l asma G H  concen tra t i o n  

b e t ween t h e  l i nes . 

i i )  Insul i n :  The me t abol i c  role  o f  i n s u l i n  in ruminan t s  i s  

s i m i lar t o  that  i n  monogas tr i c  an i mals (Bas s e t t 1 9 7 5 , 1 98 1 ; B i ne s  and 
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H a r t  1982 ; M cDowe l l  1983 ; B r ockman and Laarveld 198 6 ; Weekes 198 6 ) 

I n su l i n  i s  requi red for  mammogenes i s  and f o r  the  ma i n t enance o f  

e s t a b l i s h ed lac t a t ion  i n  var i ous  s pe c i e s  ( Erb  197 7 ;  Cow i e  e t  a l . 

1980 ) .  

The  e f f e c t  o f  gene t i c  mer i t f o r  m i lk p roduc t i on on p lasma i ns u l i n  

c o n c e n t r a t i on has been s tud i ed i n  cat t le . Flux e t  al . ( 1984 )  r e p o r t e d  

t h a t  p l asma i nsul i n  c oncen t ra t i on s  w e r e  grea t e r  i n  H B I  than i n  LBI cows 

when the cows were fed 7 0% of ad l i b i t um i n t akes in m i d-lac t a t i on / e a r ly 

p regnan c y . Barnes e t  al . ( 1985 )  a l s o  found tha t plasma i ns u l i n  

c o n c e n t ra t i ons w e r e  h ighe r  i n  h igh gene t i c  mer i t  he i fers  t han i n  low 

gene t i c  mer i t h e i fers  be f o r e  and a f t er f e e d i ng and a f t er i n s u l i n  

chal l enge ( 6  mU/kg ) . On the  o th e r  hand , there i s  one r e p o r t tha t 

plasma i nsul i n  concen t ra t i ons  were lower i n  h i gh gene t i c  mer i t  cows 

when b l oo d  samples  were c ol l e c t ed v i a  j ugular ven i pun c ture  o n  d ays 42 

and 1 6 1  pos t pa r t um ( Bonczek et a l .  1988 ) .  Us i ng s i m i l a r  ven i pun c t u r e  

s am pl i ng me thods Osmond e t  a l . ( 198 1 )  f ound no  r e la t i o n sh i p  be tween 

p l asma  i nsul i n  concen t ra t i ons  o f  F r i e s i an bul l s  and t he i r  breed i ng 

values  based on  a p rogeny t e s t . 

I n  newborn calves , basa l  p lasma i n s u l i n  concen t r a t i o n  was grea t e r  

i n  t h e  HBI l i n e  than i n  t h e  LBI l i ne a f t e r  ove rn i gh t  fas t i ng and m i lk 

f e e d i ng i n  one t r i a l  bu t n o t i n  ano t h e r  ( Xi ng e t  al . 1988 ) .  P lasma 

i ns u l i n  c oncen t r a t i on was also rela t i vely lower in l ow gene t i c  m e r i t  

calves  a t  2 t o  3 mon ths o f  age i n  ano t h e r  s t udy ( S i nne t t - Sm i t h  e t  al . 

198 7 ) .  I n  6 mon t h  old  bull  calves , basal plasma i nsul i n  levels were  

s l i gh t ly grea t e r  i n  the  HBI  l i ne  than in  the LBI  l i ne d u r i ng n ormal 

f ee d i n g ,  and the d i f fe rence  became s i gn i f i can t d u r i ng fas t i ng 

( Ma c ken z i e  e t  al . 1988 ) .  

The  grea t e r  basal p l asma i nsul i n  concen t ra t i on i n  the  HBI  l i n e  may 

a r i s e  f rom several mechan i sms , i nclud i ng :  a) Incr eased s e ns i t i v i ty o f  

t h e  panc reas t o  r e leas i ng s t imuli , as was demons t ra t ed by t h e  grea t e r  

i ns u l i n  release i n  HBI t han i n  LBI animals  when a glucose cha l l enge was 

g i ve n  to young bulls ( Mackenz i e  et al . 1988 ) and an arg i ni ne chal lenge 

was g i ve n  to m i lkfed calves ( Xing e t  a l . 1988 ) ;  b)  H ighe r  p lasma 

l e v e l s  o f  me t ab o l i t es wh i ch s t i mu l a t e  insul i n  s e c re t i o n , as  i nd i ca t e d  

by t h e  hyper i n s u l i naem i a  a n d  hype rglycaemia/euglycaem i a  wh i ch o f ten  
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coex i s t  i n  the  Massey Univers i ty HBI l i n e  ( Flux e t  a l . 198 4 ; 

Macken z i e  e t  a l . 198 8 ; X i ng e t  a l . 1988 ) ;  c )  A lowe r r a t e  o f  

i n s u l i n  removal f r om the c i r c u la t i on , as hyper i nsul i naemia  was 

p r o l onged in the h i gh gene t i c  mer i t c a t t l e  f o l lowing i n su l i n  chal l enge 

( Ba rnes e t  a l . 1985 ) ;  d )  A sma l l e r  insul i n  d i s t ri bu t i o n  v o l ume wh i ch 

would a l s o  f avour g r e a t e r  i nsul i n  c o n c en t ra t i ons  g iven a f ix e d  r a t e  o f  

en t ry .  

i i i )  Glucagon : Though no t we l l  s t ud i ed , the  me tabo l i c  r o l e  o f  

glu cagon i n  ruminan t s  i s  bel i eved t o  b e  s i m i lar  t o  that  i n  m onogas t r i cs 

( Basse t t  1 98 1 ;  M cDowe l l  198 3 ; B r oc kman and Laarvel d  1986 ) .  Glucagon 

i n creases b l o o d  glucose concen t r a t i o n  by s t i mu l a t i ng glycogenolys i s  and 

promo t i ng gluconeogenes i s ,  s t i mu l a t e s  the ra t e  of pro t e i n  d egrad a t i on 

and s t i mu l a t e s  hepa t i c u p t ake o f  amino  a c i ds  f o r  gluconeogene s i s  ( R i i s  

1983 ) .  G l u cagon may have a p e rm i s s i ve e f f e c t  on l i po lys i s  by 

an t agon i s i ng t he anab o l i c  e f f e c t  o f  i nsul i n .  

I n  v i ew o f  t he r o l e  o f  glucagon i n  glucose metabo l i s m ,  Flux e t  a l . 

( 1984 )  p o s t u l a ted tha t d i f ferences i n  plasma gluc agon concen t ra t i on may 

have e x i s t ed b e tween the HBI and LBI c ows and been res p on s i b l e  f o r  t h e  

glucose  d i f f e rences observed be tween t he two l i nes . So  f a r , howev e r , 

only one  s t ud y  has exam i ned p l asma g l ucagon levels i n  h i gh and l ow 

gene t i c  m er i t  d a i ry ca t t le ( Barnes e t  a l . 198 5 ) .  The r e s u l t s  o f  t h a t  

s tudy showed t ha t  p lasma glucagon l e v e l  was s i gn i f i can t ly h i gher  i n  l o w  

gene t i c  m er i t h e i f e r s  b e f o r e  a n d  a f t e r  feed i ng ,  a f t e r i ns u l i n  

challeng e , a t  6 and 1 2  mon ths o f  age . The d a t a  i nd i ca t e  t h a t  gluc agon 

concen t r a t i o n  should be i nve s t iga t ed fur ther  as a p o t en t i al marker o f  

gene t i c  m er i t .  

i v )  Prolac t i n  ( Pr l ) : Eley e t  a l . ( 198 1 a  and 198 1 b )  r e po r t ed t h a t  

basal p lasma prolac t i n concen t ra t i on s  were h i gher  i n  l ow than i n  h i gh 

gene t i c  m er i t  Jersey c ows prepar t um .  Barnes e t  a l . ( 1985 ) showed t h a t  

p lasma p r o la c t in c oncen t r a t i ons we r e  lower i n  h igh gene t i c  m e r i t 

animals a f t e r  i nsul i n  adm i n i s t ra t i on in Ho l s t e i n- F r i es i an h e i f e r s  o f  6 ,  

1 2 , 1 8 , and 2 4  mon ths  o f  age . Several repo r t s  a l s o  showed tha t basal  

p l asma p r ol a c t i n  concen t rat i ons  were r e la t i ve ly but  no t s ign i f i can t ly 

grea t e r  i n  l ow t han i n  h i gh gene t i c  mer i t  cows ( Barnes e t  a l . 198 5 ; 

Kazme r e t  a l . 198 6 ; Bonczek e t  al . 1988 ) .  The grea t e r  p r o l a c t i n  
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c o n c en t ra t i o n  i n  t he l ow gene t i c me r i t than i n  the h i gh gene t i c  me r i t  

c a t t le may b e  r e s pons i b l e  for  the  grea t e r  body weigh t i n  t h e  l ow l i n e  

( Ba rnes  e t  a l . 1985 ) .  The anabo l i c  e f f e c t o f  p r o lac t in i n  rum i nan t s  

i s  also  i n d i ca t ed b y  t he obse rva t i on t h a t  plasma p r o l a c t i n 

c o n c en t ra t i on i n cr eased pos t-prand i a l ly bu t d e creased dur i ng p er i od s  o f  

f e e d  r es t r i c t i on ( McAt ee and Trenkle 1971 ;  Serj sen e t  a l . 198 3 ;  

Kazmer e t  a l . 198 6 ) . 

v )  Place n t a l  lac t oge n : Place n t a l  l a c t ogen ( PL ) , a h o rmone s i mi l a r  

t o  G H  and P r l  i n  s t ru c ture  and sha r i ng many o f  the i r  b i o lo g i c a l  

a c t i v i t i es , i s  s ecre t ed f r o m  the  p l a c en t a . I t  augmen t s  i ns u l i n  

s e c re t i on ,  p romo t e s  pro t e i n  conserva t i on and NEFA release f r o m  a d i p o s e  

t i s s u e , and d e c reases the  p e r i pheral u t i l i s a t i on o f  glu c o s e  ( M e t ca l f e  

e t  a l . 1988 ) .  Decreases i n  b lood g l u c o s e  o r  fas t i ng can c a u s e  an 

i n c r ease i n  p l as ma PL l e v e ls i n  humans ( Cowi e e t  al . 1980 ) .  The r e  was 

one repor t t h a t  plasma p lacen tal lac t ogen con c en t r a t i on was g r ea t e r  i n  

h i gh y i el d i ng b r ee d s  and i n  h i gh p r od u c i ng c ows wi t h i n  t h e  h i gh 

y i e l d i ng breed  ( Bolande r  e t  a l . 197 6  ) _,  but this has not been substantiated. 

v i )  I ns u l i n - l ike g rowth fac t o r s  ( IGFs  I and I I ) :  IGF-I s t i mu l a t e s  

m i lk p roduc t i on i n  bov i n e  mammary t i s s u e  i n  v i t r o  ( Baumrucker 1 98 6 ) ,  

and a recen t s t udy by Dav i s  e t  a l .  ( 1988 ) sugge s t ed IGF- I I  may be  

i nv o l ved in  t h e  GH-med i a t e d  galac t o p o i e t i c  e f f e c t .  Macken z i e  e t  al . 

( 1988 ) showed tha t IGF-I  concen t ra t i on s  we r e  s i mi lar i n  HBI and LBI 

bull calves a t  8 mon ths o l d . Howev e r  Ah l bo rn-B r e i e r  et  a l . ( 198 7 )  

found a p os i t i ve rela t i onsh i p  be t ween IGF-I levels and t h e  gene t i c  

m e r i t  o f  p rogeny t es t e d  F r i es i an bulls . They concluded t ha t  gene t i c  

v a r i a t i on i n  IGF-I  and i t s rela t i onsh i p  w i t h  gene t i c  mer i t f o r  m i lk 

y i e ld may be masked i n  s ome years by the  e f fe c t s  o f  vary i ng nu t r i t i onal  

managemen t . 

v i i )  Thy r o i d  hormon e s : The t hy r o i d  hormones , t hyroxi ne ( T4 )  and 

t r i i od o t hyron i n e  ( T3 ) , s t i mu la t e  the basal me t abo l i c  r a t e  v i a  t h e  

m e t ab o l i sm o f  c a r b ohyd ra t e ,  l i p i d s  and p ro t e i ns , b y  i n c reas i ng t h e  

a c t i v i t i e s  o f  s p e c i f i c  enzymes t h a t  c o n t r i b u t e  t o  oxyen consump t i o n . 

They a l s o  s t i mu l a t e  b l o o d  concen t ra t i ons o f  o t her  hormones s u ch as  GH 

and P r l . 



1 5  

J o aki msen e t  a l . ( 1 97 1 )  and subsequen t ly Sorensen e t  a l . ( 1 9 8 1 ) ,  

showed t ha t  t hyro x i n e  d egrada t i on r a t e  i n  d a i r y  b u l l s  and t h e  m i lk 

y i e ld o f  t h e i r  d augh t e r s  wer e  c o r r e lated . Howeve r ,  a rep o r t  by O s mond 

et  a l .  ( 1 9 8 1 ) s h owed a poor corre l a t i on be tween the  p lasma 

concen t ra t i ons of  T 3 and T4 in  a s i ngle p lasma sampl e  from dairy bul l s  

and t h e  bul l s ' gene t i c  m er i t based o n  a p r ogeny t es t .  

I n  a compar i so n  o f  dai ry c a t t l e  f rom two s e lec t i o n  l i ne s , Land e t  

al . ( 1 9 8 3 )  showed t h a t  p lasma concen t ra t i ons  o f  T4 and T3 were g r e a t e r  

i n  h i gh gene t i c  m e r i t  calves t han i n  low gene t i c  mer i t  c a l v e s . 

Conve r s ely  Sej r s en e t  a l . ( 1 984 ) f ound that  p lasma T 4 levels  a f t e r  

fee d i ng wer e  grea t e r  i n  LBI h e i f e rs a t  3 . 5  mon ths o f  age . A nega t i v e  

c o r r e l a t i on be tween t he e s t i ma t ed breed i ng value and p la s ma 

conc en t r a t i ons o f  T3  and T4 was apparen t i n  c a lves a t  3 . 5  and 7 mon t h s  

o f  age . 

v i i i )  Cort i s o l : Glucoc o r t i co i ds a f f e c t  t he me tabo l i sm o f 

carbohydra t e ,  l i p i d  and pro t e i n  by increas i ng t he syn thes i s  o f  a numb e r  

o f  key enzymes i n  t h e  glucogen i c  pa t hway wi t h i n  hepa t o cy t e s . The  

ac t i on o f  c o r t i s o l  is  anabo l i c  i n  l i ver bu t c a tabol i c  in  mus c l e  and 

ad i po s e  t i ssue , whe r e  i t  i nh i b i t s g l u c o s e  u p t ake and promo t e s  

pro t e o lys i s  and l i p olys i s  ( R i i s  1 98 3 ) . The r e l eased amino ac i d s  b e co m e  

sub s t ra t e s  for  gluconeogenes i s  i n  the l i v e r  o r  kidney . Co r t i s o l  

ma i n t a i ns levels o f  l i poly t i c  enzymes t h a t  a r e  a c t i vated  through t h e  

ac t i on s  o f  t h e  c a t e ch o l am i ne s . Glucocor t i co i d s  a r e  also requ i re d  f o r  

lac t ogene s i s  and mammogenes i s  i n  rum i nan t s  ( Erb  1 9 7 7 ; Cow i e  e t  a l . 

1980 ) . 

F lux e t  al . ( 1 984 ) s pe culated  tha t t h e  d i f f e rence i n  p l asma 

g l u c o s e  be tween t he i r  l i nes  may have been a resu l t  of  d i f fe r e n c e s  i n  

gluco c o r t i co i d  me t a bo l i sm .  When measured i n  m i lk fed calves , howeve r , 

plasma  c o r t i s ol l e v e l s  were s i m i lar i n  t h e  HBI and LBI l i ne s  ( X i ng e t  

a l . 1 988 ) . 

i x )  P r oges t e rone , Oes t rogen and Lu t e i n i s i ng Hormone ( LH ) : E l ey e t  

a l . ( 1 98 1 a  and 1 9 8 1 b )  repo r ted  that  p lasma p r oges t e ro ne concen t r a t i on s  

were  h i gh e r  i n  J e rs ey c ows o f  h i gh gene t i c  m e r i t  p r i o r  t o  par t ur i t i on ,  

whe r e a s  plasma o e s t r ogen ( oe s t rone ) and LH levels  were grea t e r  i n  t h e  
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low gene t i c  mer i t cows . They s ugges ted tha t the  d i f ferences  i n  

ma t ernal plasma con c en t ra t i ons o f  proges t e ron e , oes t rone and L H  m i gh t  

b e  a f fe c t ed d i r e c t ly o r  i nd i rec t ly by the f e tus  o r  placen t a .  

2 )  M e t abol i t es 

i )  Glucose : Glucose i s  a very i mpo r tan t ene rgy source f o r  normal 

func t i ons  of  the  CNS and mus cle ac t i v i ty ( i n c lud i ng smoo th  muscle o f  

t h e  a l i me n t ary t ra c t ) .  Glucose i s  also  requi red a s  a 

p re cursor/ subs t ra t e  f o r  the  syn thes i s  o f  lac t o s e  and m i lk f a t  and f o r  

f e tal  growth  ( B e rgman 198 3 a , 198 3 b ) . Gluc oneogene s i s  i n  l i v e r  and 

k i dney i s  the maj o r  s o u r ce of glucose produc t i on in ca t t l e  ( Bergman 

198 3 b ) . Ava i lab i l i ty o f  p l asma glucose and gluc o s e  up t ake by mammary 

gland are 

Har t 1982 ; 

the maj o r  d e t ermi nan t s  o f  ra t e  o f  m i lk secre t i on ( B i nes  and 

Bauman and E l l i o t  198 3 ;  M cDowel l  e t  a l . 1988 ) .  

Flux e t  al . (198 4 )  observed t h a t  plasma glucose leve l was lowe r 

i n  LBI c ows fed  70% o f  appe t i t e  t han i n  HBI cows f ed the same level o r  

c ows o f  e i t her  l ine f e d  a d  l i bi t um .  Plasma glucose concen t ra t i on a l s o  

t ended t o  b e  h i gher i n  h i gh than i n  low gene t i c  mer i t  lac t a t i ng he i fe r s  

b e f ore and a f t e r  feed i ng and a f t e r  a low d os e  o f  insul i n  chal lenge ( 6  

m U / kg )  ( Barnes e t  al . 1985 ) .  Gi bson e t  al . ( 1 987 ) repo r t ed t h a t  

p l a sma glucose leve l p r i o r  t o  par t ur i t i on was gr e a t e r  i n  h i gh t han i n  

low gene t i c  mer i t  cows but  a grea t e r  f a l l  i n  plasma glu c o s e  

concen t ra t i on o c curred i n  the h i gh gene t i c  mer i t group i n  t h e  pe r i o d  

a r o und calv i ng .  

Basal plasma glucose l eve l s  a f t e r  overn igh t f as t i ng were l owe r i n  

LBI  t han i n  HBI calves fed  indoor s , and the d i f fe r ences were d i m i n i shed 

a f t er m i lk feed i ng ( Xi ng e t  al . 1 988 ) . Howeve r ,  no s e l e c t i on l i n e  

d i f ferences  i n  plasma glucose concen t ra t i on wer e  f ound i n  younger ( 5  t o  

8 d ays o f  age ) calves under f i eld c ond i t i on s  ( m i lk was fed b u t  calves 

had access  t o  grass ) .  Grea t e r  p lasma glucose conc en t ra t i ons were a l s o  

f ound i n  8 mon t h  o l d  b u l l  calves o f  h i gh gene t i c mer i t  d ur i ng a 

r e - feed i ng pe r i od a f t er a sho r t - t e rm fas t ,  b u t  n o t  i n  t h e  normal 

f e e d i ng p e r i od ( Macken z i e  e t  al . 1988 ) . Basal p l asma glucose leve l s  

w e r e  grea t er ,  b u t  n o t  s igni f i can t ly so , i n  h i gh gene t i c  mer i t  than i n  

low gene t i c  me r i t  c a lves fed a d i e t  o f  concen t ra t es plus hay 
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( T i l akar a t ne e t  a l . 1980 ; Sej rsen e t  al . 1984 ) .  Fur thermo re , 

p os i t i v e  correla t i on s  b e tween plasma glucose levels  and e s t i ma t ed 

b r e e d i ng values wer e  f ound i n  rumi nan t calves ( Sej r s en e t  a l . 1984 ) 

and i n  m i lk fed  calves ( X i ng 1985 ) . Howeve r ,  there were a l s o  repo r t s  

t h a t  basal p l asma glucose  levels we re s i m i lar  be tween h i gh and low 

gene t i c  me r i t calves ( B r i dges et al . 198 7 ; S i nne t t - Sm i t h  e t  al . 

198 7 ) .  

The reasons  f o r  the glucose d i f ferences be t ween the l i nes , where  

t he y  o c c u r , a r e  n o t  known . Flux et  a l . ( 1984 ) sugges t ed that  

var i a t i on i n  p l asma glucoco r t i c o i d  or  glucagon levels  be tween the  l i nes 

could b e  respon s i bl e  for  the glucose d i f ferences in lac t a t i ng c ows . I t  

has  a l s o  been s pecula ted tha t the HBI calves 

c oncen t ra t i o n  because t hey are r e l a t i vely 

have a grea t e r  

r e s i s t an t  t o  

g l u c o regula t o ry e f fe c t  o f  i n su l i n  ( X i ng e t  al . 1988 ) .  

glucose  

the 

i i )  NEFA and glycerol : Unless  rum i nan t s  are f ed a h i gh f a t  d i e t , 

NEFA and glyc e r o l  i n  the i r  blood  o r i g i n a t e  largely ( mo re t ha n  90% ) f ro m  

l i po lys i s  i n  t h e  adipose  t i s s u e  ( G i ese cke 1983 ; Lea t 198 3 ) .  Released 

NEFA are mai n ly bound to  a l bumi n  t o  be t ransp o r t e d  from  ad i po s e  t i s sue 

t o  l i v e r , mus c l e ,  mammary g l and and o t her o rgans i n  need of  ene rgy 

s u b s t ra t es . The ab i l i ty t o  mob i l i s e  ad i pose t i s sue reserves d u r i ng 

l ac t a t i on i s  an i mpor t an t  f a c t o r  a f f e c t i ng m i lk produc t i on .  Cows o f  

h i gh gene t i c  me r i t p roduce more  m i lk f a t  than those o f  l o w  gene t i c  

m er i t  and l o s e  mo re body we igh t  early i n  l a c t a t i on .  B o t h  o f  these  

e f f e c t s  are b e l i eved t o  r e f le c t  grea t e r  mobi l i sa t i on o f  f a t t y  a c i ds 

f rom ad i po s e  t i s sue ( Davey e t  al . 198 3 ;  Barnes e t  a l . 198 5 ; H olmes 

1 988 ) . 

A l t hough F lux e t  a l . ( 1984 )  f ound tha t plasma NEFA concen t ra t i o n s  

w e r e  s i m i la r  be tween HBI a n d  L B I  cows , G i bson e t  a l . ( 1987 ) f o un d  tha t 

p l as ma NEFA concen t ra t i on s  wer e  gen e rally grea t e r  i n  h i gh gene t i c  m er i t 

c ow s  d u r i ng the f i rs t  weeks a f t e r  par t u r i t i on .  S i m i larly , Barnes e t  

a l . ( 1985 ) o b se rved tha t NEFA concen t r a t i ons were grea t e r  i n  l ac t a t i ng 

cows o f  h i gh gene t i c  mer i t .  I n  an i n  v i t ro s tudy , McNamara and H i l l e r s  

( 1986a ) found tha t t h e  b a s a l  ra t e  o f  glycerol  relea s e  f r om a d i p o s e  

t i s su e  w a s  grea t e r  i n  h i gh gene t i c  mer i t  c ows i n  l a t e  pregnancy a n d  i n  

l a c t a t i on .  I n  add i t i on , l i pogene s i s  i n  the ad i pocy t e s  was l ower i n  
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h i gh gene t i c  me r i t t han i n  l ow gene t i c  mer i t  cows ( McNamara and H i l l e r s  

1 98 6 b ) .  Unfor t un a t e ly i t  i s  no t clear whe t he r  t hese d i f fe rences  

r e f l e c t basal  d i f f e rences 

l ines or whe t her  t hey have 

balance . 

i n  m e t abol i sm o f  ad i po s e  t i ssue be t ween t h e  

been caused by d i f f e rences i n  energy 

Whe n  measured in young ani mals , basal p lasma NEFA c oncen t ra t i on s  

were s i m i l a r  be tween t he h i gh and l ow gene t i c  me r i t calves i n  s ev e r a l  

s t ud i es ( T i l aka r a t n e  e t  al . 1 9 8 0 ; Sej r s en e t  a l . 1 98 4 ; B r i dges e t  

al . 1 98 7 ; Sinne t t - Smi th  e t  al . 1 9 8 7 ) .  A repo r t  by Barnes e t  a l . 

( 1 985 ) , however , s howed tha t p l asma NEFA c oncen t ra t i ons  wer e  grea t e r  i n  

h i gh gene t i c  mer i t h e i fers a t  6 mon ths  o f  age bu t no t when t hey were 1 2 

and 1 8  m on th s  o l d . Though basal p lasma NEFA concen t ra t i on s  were o f t en 

s im i l a r  b e t ween the  h igh and l ow gene t i c  me r i t  l ines , grea t e r  eleva t i on 

o f  p la s ma NEFA was obse rved a f t e r  acu t e  fas t i ng i n  calves ( T i l aka r a t n e  

e t  a l . 1 9 8 0 ) and a f t e r  chal lenges o f  c a t e cholam i nes  i n  h e i f e r s  o f  h i gh 

gene t i c  mer i t  ( M cNamara and H i l l e r s  1 9 8 6 ) . 

i i i )  Ke tone bodies : BHBA and o ther ke t one bod i es we r e  h igh i n  

h i gh gene t i c  mer i t c ows a round calving ( Gi bson e t  al . 1 9 8 7 ) and i n  

lac t a t i ng c ows fed  res t r i c ted  ene rgy i n t ake ( Flux e t  a l . 1 9 84 ) . 

However  t hey were s i m i lar i n  f u l ly fed  lac t a t i ng c ows o f  d i ve rgen t 

gene t i c  m er i t ( Flux e t  al . ( 1 984 ) and i n  y oung calves o f  h igh and l ow 

gene t i c  mer i t  ( T i lakaratne e t  al . 1980 ; S i nne t t -S m i th e t  al . 1 9 8 7 ) . 

i v )  Urea : A maj o r  source o f  p l asma urea i n  ca t t l e  a f t e r  feed i ng 

i s  f r o m  t h e  d egrada t i on o f  d i e t ary n i t r ogenous c ompounds . The exces s 

ammo n i a  t ha t  es capes cap ture by rumen m i c ro b i al c e l l s  i s  pas s i ve ly 

abso r b e d  t hrough the rumen e p i t h e l i um and c onve r t ed i n t o  urea by the  

l i ve r . A part  of  the  u rea is  r e t u r ned to  rumen , by s i mp l e  d i f fus i on 

from  b l o o d  o r  s e c re t i on i n t o  s al i va . Ano t her  source  o f  p l asma urea i s  

the c a t abo l i sm o f  amino a c i d s  f rom body pro t e i n , a process  i n f luenced 

by a number o f  h o r monal and phys i o logi cal  fac t o rs ( R i i s  1 9 8 3 ) . 

S t ar k  e t  a l . 

showed t h a t  blood 

( 1 9 7 8 )  and 

urea leve l 

subs equen t ly P e t erson  e t  al . ( 1 98 2 )  

was gene t i cally c o r rela t ed w i t h  m i l k  

produc t i on i n  d ai ry cows . Grea t e r  plasma u rea concen t ra t i ons  i n  h i gh 

than i n  l ow gene t i c  mer i t c ows were also  repo r t e d  dur i ng the  pe r i o d  
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b e f o r e  and  a f t e r  feed i ng ,  and after  i n s u l i n  cha l l enge ( Barnes e t  a l . 

1985) . 

Basal p l as ma urea concen t ra t i on t ended t o  b e  s i m i lar b e t ween t h e  

h i gh and low gene t i c  mer i t calves a t  3 t o  7 mon ths o f  a g e  when t h e  

a n i mals  w e r e  s ampled under cond i t i ons  o f  good f e ed i ng ( T i l aka r a t ne e t  

a l . 1980 ; Sej r sen e t  al . 198 4 ; S i nne t t - Smi t h  e t  a l . 198 7 ) . 

However ,  the  r i se i n  p lasma u rea was g r ea t e r  i n  low gene t i c  m er i t  

c a lves when t h e  calves  we re fas t e d  for  seve ral days . I n  c o n t ras t ,  

Barnes e t  a l . ( 1985) r e po r t ed t h a t  plasma urea  concen t ra t i on s  measu r ed 

b e f o r e  and a f t er feed i ng wer e  grea t e r  i n  high t han i n  l ow gene t i c  m er i t 

h e i f e rs a t  6 mon ths o f  age . S i m i l a r l y , Macken z i e  e t  a l . (1988)  

r e p o r t ed a grea t e r  r i s e in  plasma urea  concen t ra t i on on re- feed i ng i n  

HBI bulls  t han i n  LBI bulls  ( 6  mon t hs o l d )  a f t e r  3 d ays o f  fas t i ng . 

The mechan i sms r e s pons i b l e  f o r  t h e  d i f f e r ences i n  p lasma u rea 

concen t r a t i o n  be tween t he selec t i on and con t ro l  l i nes are s t i l l  poorly  

unders t oo d . T i l akar a t n e  et  al . ( 1980) proposed  tha t a d e creased  r a t e  

o f  body p r o t e i n  d egrada t i on m i gh t  be respon s i b l e  f o r  t h e  lower p lasma 

urea concen t ra t i o n  in h i gh gene t i c  mer i t  calves dur i ng fas t i ng . 

e t  a l . ( 19 8 5) a t t r i bu t ed t he grea t e r  u rea level  i n  the h igh 

mer i t  c a t t le to a grea t e r  r a t e  of d i e t a ry p ro t e i n  degrada t i o n . 

o f  these hypo t heses has  been exami ned experi men t ally . 

Barnes 

gene t i c  

Ne i t he r  

v )  Blood proteins : P lasma p r o t e i n s  can b e  read i ly d i v i de d  i n t o  3 

f r a c t i on s - a l bum i n , g l obu l i n  and f i b r i nogen- wh i ch accoun t f o r  2-3% o f  

t o ta l  body p r o t e i ns . Average concen t ra t i ons o f  these 3 f r ac t i ons a r e  

3 . 5 ,  4 a n d  0 . 5 g/d l , g i v i ng a t o t a l  o f  8 g p r o t e i n  per  1 0 0  g plasma 

( Rowlands  1980) . F i b r i nogen i s  a s i ng l e  pro t e i n  wh ich  i s  c onve r t e d  t o  

f i b r i n  when b lood c l o t s .  The a l bum i n  frac t i o n  i s  also homogenous and 

b e cause of i t s rela t i vely h i gh concen t ra t i on and small m o l e c u l a r  we i gh t 

( 68 , 000 MW ) i t  makes a maj or  c on t r i bu t i on t o  the c o l l o i d  o s mo t i c  

p ressure o f  b lood . Album i n  also  a c t s  as a c a r r i e r  i n  t he t rans po r t  o f  

var i ous  me t abo l i tes  and hormones s u ch a s  NEFA , ea+ + , T 3 and , T4 i n  t h e  

b lood . The globu l i n  f ra c t i on i s  ex t remely h e t erogenous , c on t a i n i ng a 

l arge number o f  pro t e i n s  w i th  d i f fe re n t func t i ons . The maj o r  c omponen t 

cons i s t s  o f  t h e  i mmunoglobu l ins wh i ch carry t he an t i body a c t i v i t y  o f  

t h e  plasma . I n  lac t a t i ng c ows , plasma pro t e i n s  decrease a t  t h e  peak o f  



2 0  

l ac t a t i on , p ro ba bly due t o  a grea t e r  body pro t e i n  t u rnover ( Rowlands 

1980 ; R i i s  198 3) . 

G i b s on e t  a l . ( 198 7) r e p o r t ed that  h i gh gene t i c  mer i t  l a c t a t i ng 

he i fe r s  had h i gher p lasma globu l i n  levels  than l ow gene t i c  me r i t 

h e i fe r s  i mmed i a t ely a f t e r , and abou t 60 d ays a f t e r , p a r t u r i t i on . 

P l a s ma i mmunoglobul i n  levels a l s o  t ended t o  b e  grea t e r  i n  m i lk fed 

calves of h igh gene t i c  mer i t  ( X i ng 1985 ) . I n  rumi nan t calve s , t o t a l  

p la s ma p r o t e i n  and plasma globulin  w e r e  grea ter  i n  h i gh gene t i c  me r i t 

calves  d u r ing f e ed i ng o r  fas t i ng ( T i l aka r a t ne e t  a l . 1980) . 

v i )  Haema t o c r i t :  Eley e t  al . ( 198 1a) repor ted  t h a t  t h e  

haema t o c r i t  was grea ter  i n  h igh gene t i c  me r i t Je rsey he i fe r s . Howeve r  

haema t o c r i t  was s i m i lar  i n  m i lk fed calves o f  the HBI and LBI l i ne s  

( Xi ng 1985) . 

v i i )  Hormone sens i t i v e  l i pase ac t i v i ty :  McNamara ( 1989) and Smi t h  

and McNamara ( 1988) repor t ed tha t the a c t i v i ty o f  h o rmone s e ns i t i v e  

l i pa s e  w a s  grea t e r  i n  the  ad i pocytes  f r o m  c ows o f  a s e l e c t e d  l i ne t han 

in t ho s e  f rom t h e  c on t r o l  l i n e .  However ,  the  poss i b i l i t y  t ha t  t he s e  

d i f f erences we re c o n founded w i t h  d i f f e rences i n  energy balance canno t 

b e  d i sc o un t ed . 

2 .  Energy balance and fas t i ng/ r e f e e d i ng 

1 )  Energy balance 

I t  i s  we l l  es tabl i shed tha t plane o f  nu t r i t i on can a f fe c t t h e  

b l o o d  c oncen t ra t i ons o f  m e t a bo l i tes  and ho rmones i n  an i mals . 

plasma Unde r feed i ng or fas t i ng n o rma lly resul t s  i n  decreased 

c o n c en t r a t i ons  of  i nsul i n ,  glucagon , p r o lac t i n ,  t hy r o i d  hormone s , ure a ,  

g l u c o s e  and pro t e i n ,  but i n c reased concen t ra t i on o f  GH , NEFA and ke tone 

b o d i es ( Hove and Blom 197 3 ;  T renkle 197 8 , 198 1 ; Bass e t t  197 5 , 198 1 ; 

A t h anas i ou and Ph i ll i ps 197 8 ; B a i r d  e t  a l . 197 9 ;  Ke r t z  e t  a l . 198 2 ; 

F lu x  e t  a l . 1984 ; John s s o n  e t  al . 198 5 ; B lum e t  a l . 198 2 ; F r oh l i  

and B lum 1988 b) . These changes are o f t en accompan i ed by redu c t i ons  i n  

ener gy e xpend i t ure  and t h ermogenes i s ,  developme n t  o f  p er i pheral  

r e s i s t an c e  t o  i n su l i n ,  d e t e r i o r a t i on of  glucose  t o le r ance  and  d e creased 
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c learance o f  ca t e cholamines ( Ole f s ky e t  al . 1 9 7 3 ; Dan f o r t h  1 985 ; 

Froh l i  and Blum 1 98 8 a , 1 988c ) .  H i gh leve l s  o f  ( energy ) i n t ak e  and 

overfeed i ng o f ten resul t in i n c reased body we ight  and produce m e t abo l i c  

e f fec t s  o p p o s i t e t o  those o f  unde r fe ed i ng and fas t i ng .  F o r  i n s t a n c e  

n u t r i t i o nally-ind uced obes i ty i n  he i fe r s  and s h e e p  i s  asso c i a t ed w i t h  

hype rglycaem i a  and hyper i nsul i naenm i a  ( Mc Cann and Reimers 1 985a , 1 98 6 ; 

M cCann e t  al . 1 9 8 7 ) .  

The e f f e c t  o f  level o f  ene rgy i n t ake on the expres s i on o f  gene t i c  

var i a t i on i n  blood p r o f i les has been i nves t i g a t ed i n  f e w  s t ud i es i n  

lac t a t i n g  cows and h e i f e rs ( Flux e t  a l . 1 984 ; McNamara and H i l l e r s  

1 986a a n d  1 986 b ) . I n  t h e  s t udy o f  Flux e t  al . ( 1 984 ) , l a c t a t i ng c ow s  

o f  H B I  a n d  L B I  l i ne s  were f e d  f reshly c u t  pas ture  a t  e i ther  7 0% o r  1 00% 

o f  a p pe t i t e leve l . The resul t s  s howed tha t :  a )  P lasma g lu c o s e  

c oncen t ra t i on was s i gn i f i can t ly lower i n  the  unde r  f e d  L B I  g r o u p  t han 

i n  o th e r  groups ( P <0 . 05 ) ; b) GH c on c en t ra t i ons were h i gh e r  in  the c ows 

on r e s t r i c t e d  i n t ake ( P<0 . 05 )  and i n  HBI c ows bu t the d i f f e r en c e s  

be tween LBI  and HBI c ows w e r e  n o t  s i gn i f i can t .  c )  P la sma i ns u l i n  

levels were  c ons i s t en t ly high e r  f o r  the  HBI c ows on res t r i c t ed i n take 

t han f o r  those in o ther  groups , among wh i ch d i f ferences  were  n o t 

s igni f i can t ;  d )  Plasma concen t ra t i on o f  B -hyd r oxybu tyra t e  was 

s ign i f i can t ly h i gh e r  in  the c ows on res t r i c t ed i n t ake ( P <0 . 0 1 )  and t h e  

concen t ra t i on f e l l  i mmed i a t e ly a f t e r  f e ed i ng . 

M cNamara and H i l l e rs ( 1 986a , 1 98 6 b )  examined l i p og enes i s  and 

l i po l ys i s  in the a d i pose  t i ssue  o f  h i gh and l ow gene t i c  m er i t lac t a t i n g  

hei f e r s , und e r  two  nu t r i t i onal regi mens . Anima l s  o f  each gene t i c  group  

were a l l o t t ed to  ad l i b i tum d i e t s  of  40%  hay  and  60% con cen t r a t e  or  o f  

60% hay and 40% concen t ra t e  f rom 0 t o  1 40 days o f  lac ta t i on .  Resul t s  

o f  tha t s t udy showed tha t l i p ogene s i s  ra t e s  a t  1 5 , 3 0 , 60 , and 1 8 0  days 

pos t pa r t um i n  h e i f er s  f e d  l ow energy d i e t s  were 107 , 6 6 , 2 1 , and 1 6 6% 

o f  thos e i n  hei f e r s  fed high energy d i e t s . Ra t e s  o f  l i p ogenes i s  i n  

h i gh gene t i c  m e r i t  hei fers  wer e  40 , 1 0 ,  45 , and 6 6% o f  t h o s e  i n  l ow 

gene t i c  m e r i t hei fe r s  a t  15 , 3 0 ,  6 0 , and 180  day pos t pa r tum . Basa l  

gly c e r o l  r e l ease i n  h i gh gene t i c  m e r i t  c ows was 64 , 1 7 ,  4 0 , 2 3 ,  2 0 ,  and 

42% g r e a t e r  than in l ow gene t i c  m er i t c ows at -30 , - 1 5 , 3 0 ,  6 0 , 1 8 0 , 

and 3 4 9  d ays rela t i v e  t o  par t u r i t i o n .  The l i po ly t i c  r e sponse  t o  

ca t e ch olami nes i n creased p r i o r  t o  p a r t u r i t i on , and i nc reased  f u r ther  i n  
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e a r l y  lac t a t i o n , then remai ned eleva t e d  dur i ng lac t a t i on and i n t o  t h e  

d ry period . Howeve r ,  t h i s  response was una f fe c t ed by feed i ng d i e t s  

w i t h  d i f fe r e n t  ene rgy con t en t .  The s e  resul t s  s howed tha t l i pogen e s i s  

i n  bovine ad i po s e  t i s sue d e creased a c c o r d i ng t o  d e cr eased e n ergy i n t ake 

and t o  i ncreased  m i lk f a t  secre t i on r e su l t i ng f rom gene t i c  s e l e c t i o n , 

whe reas r a t e s  o f  l i p o lys i s  were a f f e c t e d  only by gene t i c  s e l e c t i on and 

n o t by nu t r i t i onal  leve l s . 

In ano t h e r  s t udy , Smi th and M cNamara ( 1 988 ) s t ud i ed t h e  

c e l lulari t y  o f , and a c t i v i ty of hormone s e ns i t i ve l i pase  i n ,  t he 

a d i pose  t i ss u e  o f  h i gh and l ow gen e t i c  m er i t lac t a t i ng h e i f e r s . 

An i mals  o f  each  gen e t i c  group were a l l o t ted  t o  t reatmen t s  o f  e i t h e r  

3 6 : 64 o r  7 1 : 2 9 barley concen t ra t e : a l fa l fa hay d i e t  f e d  a d  l i b i t um f r om 

0 t o  140  d ay o f  l a c t a t i on .  The r e s u l t s  showed tha t mean a d i p o cy t e  

d i ame t e r  ( MCD) , ad i pocy t e  number p e r  gram  ( NPG) , and hormone s en s i t i ve 

l i pase ac t i v i t y  were grea t e r  i n  h i gh gene t i c  mer i t  cows dur i ng e a r ly 

l a c t a t i on . Changes i n  NPG were enhanc e d  by d i e t ary energy r es t r i c t i o n . 

Bes i d e s  t h e  i n f luence o f  ene rgy balan c e , p lasma p ro f i le s  o f  

h o rmones and m e t abo l i t e s  c an also  b e  a f f e c t e d  by the level  o f  p r o t e i n  

i n t ake , o r  t h e  r a t i o  o f  energy : p ro t e i n  i n  t h e  d i e t . I t  i s  known t h a t  

h i gh ra t i os o f  p ro t e i n : energy i n t ak e  w i l l  r e sul t i n  i nc reased  p lasma 

u r e a  leve l s  in  l ac t a t i ng cows whereas t h i s  i n c rease can b e  i nh i bi t ed by 

add i ng concen t r a tes  t o  the  d i e t  ( Rowl ands 1 98 0 ; Ol tner and W i k t or ss on 

198 3 ) . B o rg e r  e t  a l . ( 1 9 7 3 )  repo r t e d  tha t s t eers  on i so c a l o r i c  d i e t s  

con t a i n i ng 1 1 . 0  o r  1 2 . 5% p ro t e i n  had s i gn i f i can t ly h ighe r  i ns u l i n  

levels t han s t eers  o n  a n  i socalo r i c  d i e t con t a i n i ng 9 . 5% p ro t e i n .  

Add i t i on a l ly , t he c o r r e la t i on be tween t h e  amou n t  o f  pro t e i n  d iges t e d  i n  

t h e  i n t e s t i n e s  and p la s ma i nsul i n  conce n t r a t i o n  was pos i t iv e , whe reas 

t h e  c o r r el a t i on be tween the d i g e s t e d  p ro t e i n  and GH was nega t i v e , i n  

sheep ( Bas s e t t  e t  a l . 1 9 7 1 ) .  

2 )  Fas t i ng/Re f eed i ng 

Acu t e  fas t i ng has been used t o  wi d e n  m e t a bo l i c  d i f f e re n c e s  b e tween 

the h i gh and l ow gene t i c  mer i t  calve s . Seve r a l  s tu d i e s  showed tha t 

p lasma u r e a  levels were grea t e r  i n  the  l ow gene t i c  mer i t  than i n  the  

h i gh gene t i c  m e r i t calves after  2 t o  4 days f a s t ing ( T i lakar a t ne e t  a l . 
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1 98 0 ; Sej rsen e t  a l . 1984 ; S i nne t t - Sm i t h  e t  a l . 1987 ) .  Howeve r ,  

Mackenz i e  e t  a l . ( 1988 ) repo r t ed t h a t  u r e a  levels  wer e  s i m i l a r  d u r i ng 

a 3 d ay f as t b u t  grea t e r  i n  the HBI bull  c a lves t han i n  the LBI group  

d ur i ng a r e feed i ng p e r i o d  a f t e r  the f as t .  

Greater  e l eva t i ons i n  plasma NEFA c oncen t r a t i on a f t er a c u t e  

f as t i ng was f o und in h igh gene t i c  m e r i t  calves i n  one  s t udy , 

( Ti lakaratne  e t  a l . 198 0 )  but  n o t  i n  o t hers  ( Sej r sen e t  a l . 1984 ; 

S i nn e t t - Smi t h  e t  a l . 198 7 ; Mackenz i e  e t  al . 1988 ) . I n  bu l l  c a l v e s  

p l a s ma i nsul i n  a n d  G H  concen t ra t i ons  were s i gn i f i can tly  grea t e r  i n  t h e  

HBI l i ne  t h a n  i n  the L B I  l i ne d u r i ng a 7 2  h o u r  fas t i ng p e r i od 

( Ma c ken z i e  e t  a l . 1988 ) . Plasma insu l i n  and g l u c o s e  were grea t e r  i n  

HBI bull  calves  d u r i ng t he refeeding p e r i od o f  t h a t  s t udy . 

3 .  M e t abo l i c  challenges 

Var i ous  me t ab o l i c  challenges have been us ed to e l i c i t m e t abo l i c  

d i f f e rences be t we e n  h i gh and low gene t i c  me r i t l i ne s . The t e s t s  a re 

based  o n  the  a s s ump t i on t h a t  t h e  abi l i ty o f  the  me t abo l i c  p r o c e s s  t o  

r e s p ond t o  t h e  challenge may be r e l a t ed t o  t h e  gen e t i c  m e r i t o f  t h e  

an i ma l  f o r  m i lk p roduc t i on .  Me t abo l i c  chal l enge s  o f f e r  a number o f  

adva n t ages i n c l u d i n g :  An abi l i ty t o  d e t e c t  home orhe t i c  changes i n  

r e s p on s e  t o  homeos t a t i c  s i gnals , even when n o  changes i n  basal  

h o rmone/me t ab o l i t e concen t ra t i ons a r e  apparent  ( Se chen et  a l . 1989) ; 

rneasurernent o f  r e s ponses whi ch i nvolve s pec i f i c  t i s sue o r  o rgans ( e . g .  

p an c rea t i c  sens i t i v i ty t o  a glucose cha l l enge ) ;  and t he o p p o r t un i ty t o  

s i mu l t aneous ly measure r e la t ed me t a bo l i c  res ponses ( e . g .  t i s sue 

s en s i t i vi ty to  i n s u l i n  concur ren t w i th  pancrea t i c  sens i t i v i t y  t o  

g l u c o s e  i n  t h e  glucose chal leng e , Bergman e t  a l . 1985 ) .  

1 )  Glucose :  I n t ravenous glucose  chal lenge ( 1 7 5  mg/ kg ) caused 

g re a t e r  insu l i n  r e lease i n  HBI t han i n  LBI b u l l  calves ( Ma c ken z i e  e t  

a l . 1988 ) .  

2 )  Arginine : Arg i n i ne chal lenge ( 40 mg/kg ) t o  m i lk f ed c a l v e s  

c a u s e d  grea t e r  e l e va t i on i n  plasma GH concen t ra t i o n  i n  HBI c a l v e s  on  

o n e  o c cas i o n  but  n o t on ano ther  when t h e  calves us ed were older  (by 10 

d ay s )  and had had more a c cess  to  grass p r i o r  to  t h e  expe r i me n t  ( Xi ng e t  
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al . 1 98 8 ) . Insul i n  responses t o  the a rg i n i n e  chal lenge were s i m i l a r  

be tween the  l i ne s  whe n  the  calves w e r e  fed , bu t w e r e  g r ea t e r  i n  t h e  H B I  

calves duri ng fas t i ng ( Xi ng e t  al . 

cha l l enge r egimen , Macken z i e  e t  

1 988 ) . Us i ng a 

al . ( 1 988 ) d i d  

s im i l a r  arg i n i n e  

n o t  o b s e rv e  any 

metabol i c  d i f ferences  b e tween the HBI and LBI bull  calves a t  6 mon t h  o f  

age . 

3) Propionat e :  I nj ec t i o n  o f  sodium p r o p i o na t e  ( 0 . 5  mmo l / kg )  i n t o  

the  c i r cula t i on caused a subs t an t i al r i ses  i n  plasma concen t ra t i on s  o f  

gluco s e , bu t decreased  plasma NEFA and urea , i n  b o t h  h i gh and low 

gene t i c  mer i t  calve s . Moreover , the p re-challenge d i f ferences  i n  

plasma NEFA be tween t he high and l ow l i nes  were  r educed a f t e r  t h e  

i n f u s i o n  ( T i laka r a t n e  e t  al . 1 980 ) . No  d i f f erences i n  me t a bo l i c  

res ponses  be tween t h e  l i nes a f t er prop i on a t e  i nj e c t i on we r e  repo r t e d  by 

S i nn e t  t - Smi  th e t  a l . ( 198 7 ) . 

4 )  Insulin : Barnes e t  al . ( 1 985 ) showed tha t i nsul i n  chall enge 

( 6  mU/kg )  resul t ed in i nc reased plasma c oncen t ra t i on s  o f  gluco s e ,  u rea , 

and i nsul i n .  I n  add i t i on ,  t h e  urea and i ns u l i n  concen t ra t i on s  

f o l l owi ng t h e  challenge wer e  grea t e r  i n  the  h i gh gene t i c mer i t h e i f e r s  

when t h ey wer e  6 and 2 4  mon t h s  old . Us i ng a h igh d o s e  o f  i ns u l i n  ( 2 6 5  

mU/kg ) Macken z i e  e t  al . ( 1 988 ) showed t h a t  i nsul i n  challenge r e su l t e d  

i n  a grea t e r  d e c re a s e  i n  p lasma glucose l evel s  i n  t h e  HBI bull  calve s . 

5 )  Glucagon : Mackenz i e  e t  a l . ( 1 988 ) repor t ed t h a t  

glycogenoly t i c  r e s ponse t o  g lucagon chal lenge ( 0 . 1 �g/kg ) was smal l e r  

i n  HBI  bull calves compared w i t h  LBI bu l l  calves . 

6 )  Adrenaline : Grea t e r  glycogeno ly t i c ,  but  s imi lar l i po ly t i c , 

responses  were o b s e rved i n  HBI he i fe r s  vs LBI h e i fers  a t  6 mon t h s  o f  

age f o l l ow i ng adrenal i ne chal lenges ove r a range o f  doses  ( 0 . 2 5 ,  0 . 5  

and 1 . 0  �g/kg ) , and following a h i gh d o s e  ( 1 . 0  �g/kg ) o f  n oradrena l i n e  

( B r i dges e t  al . 1 98 7 ) .  McNamara and H i l le r s  ( 1 98 61.) ' us i ng a n  i n  v i t ro 
- ---

me t ho d , o b s e rved grea t e r  l i po ly t i c  res ponses t o  c a t e cholami n e s  oo- 4  M )  

i n  t h e  ad i po s e  t i s sue o f  lac t a t i ng cows o f  h i gh g en e t i c  mer i t .  I n  t h e  

l a t t e r  s tudy , r e sponses t o  noradrena l i ne wer e  15 , 2 0 ,  1 8 , and 1 5% 
grea t e r  i n  h i gh gene t i c  mer i t than i n  low gene t i c  mer i t  c ows , and 

r e s ponses  t o  a d renal i ne wer e  1 2 ,  2 0 ,  14 , and 5 0% g r ea t e r  in h igh 
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gene t i c  t han i n  l ow gene t i c  mer i t  c ows , a t  3 0 , 6 0 , 180 , and 3 49 days 

p o s t par t um . These r esul t s  sugges t ed tha t the  sens i t i v i t y o f  t h e  

ad i pose t i s sue t o  l i po ly t i c  s i gnal s was enhanced i n  the  h i gh gene t i c  

me r i t  l i n e . 

7 )  G r ow t h  hormone r e l eas i ng- fa c t o r  ( GHRF ) : M as s r i  e t  al . ( 1985 )  

i nj e c t ed GHRF ( 0 . 1  uU/kg , hpGRF ) i n t o  8 h i gh and 8 l ow gene t i c  mer i t 

he i fer calves aged 6 t o  7 mon t hs . A f t e r the  challenge , plasma G H  

i nc reased by m o r e  t han 1 0  f old and peak plasma GH was reached w i t h i n  2 0  

m i n  i n  bo th h i gh and low l i nes . However n o  d i f ferences i n  p lasma G H  

l e v e l s  were  f ound b e t ween the t wo l i n e s . 

8 )  Thyro t ro p i n  r el eas i ng hormone ( TRH ) : Kazmer e t  a l . ( 1986 ) 

compared t he me tabo l i c  r esponses t o  TRH challenge ( 0 . 3 3 �g/kg)  i n  5 0  

H o l s t e i n  c ows o f  d i f fe re n t  gene t i c  meri t ,  and f ound tha t p lasma G H  

b e f ore and a f t e r  t he chal lenge was grea t e r  i n  h i gh gene t i c  mer i t  c ows . 

E l ey e t  a l . ( 198 1 b )  repor ted that  TRH chal le nge ( 100 �g/an i ma l ) 

r e s u l t e d  i n  a grea t e r  p rolac t i n release i n  J e r s ey cows o f  low gene t i c  

me r i t  on  d ay 1 0  pos t pa r t um . 

9 )  Gonad o t ro p i n  r e leasing hormone ( GnRH ) :  E l ey e t  al . ( 198 1 � 
c o u ld n o t  f i nd any me t abol i c  d i f f e rences i n  responses t o  GnRH ( 10 0  

�g/an i ma l ) challenge b e tween h i gh and l ow gene t i c  me r i t  J e r sey cows o n  

d ay 10  p os t pa r t um . I t  s hould b e  n o t ed tha t a l l  ani mals i n  t h a t  s t ud y  

r e c e i ve d  t he same d o s e  o f  chal lenge ( 100 �g ) ra ther t ha n  b e i ng 

challenged accord i ng t o  t he i r  body we i gh t . 

1 0 )  Growth ho rmone (GH ) : Acu t e  GH ( NI H -GB-B9 ; 0 . 98 � / mg )  

chal lenge ( 0 . 1  mg/kg ) i n  c alves d i d  n o t  resul t i n  d i f ferences i n  p lasma 

concen t r a t i on s  of  glucose o r  urea between h i gh and low gene t i c  me r i t 

c al ves ( Land e t  al . 1983 ) . Th i s  i s  i n  c on t ra s t t o  t h e  i n c r e a s ed 

p lasma NEFA and glucose  leve l s , bu t decreased p lasma u rea , wh i ch a r e  

s ome t i mes observed a f t er chron i c  GH t reatmen t in  rumi nan t s  ( Dav i s  e t  

a l . 1969 ; M cDowel l  e t  al . 198 8 ; Ei semann e t  al . 1989 ; Sechen e t  

a l . 1989 ) . Moreover the  use o f  a n  a cu t e  GH chal l enge appears t o  b e  a n  

i l l og i c a l  approach b e c a u s e  i t  i s  the  homeo rhe t i c  ( chroni c )  a c t i on s  o f  

GH , r a t h e r  t hen any acu te  mechan i sms , wh i ch are cen t ra l  t o  i t s 

regula t i on o f  me tabol i s m  ( Bauman and M cCu t cheon 1986 ) .  
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4 .  Summary o f  the m e t abol i c  d i f f e rences be tween the h i gh and l ow 

gene t i c  l ines  

T h e  e f f e c t s  o f  sele c t i on l i ne o n  me t abo l i c p r o f i les  in  d a i ry 

c a t t le s o  far  repo r t ed are summar i sed i n  Table 1 . 3 .  

Table  1 . 3  S ummary o f  t he repo r t ed d i f f e rences i n  p lasma me t abol i t e 
and hormone concen t ra t i on s  be tween h i gh and low gene t i c  

mer i t ca t t le w i t h i n  breed  
( + :  value i s  grea t e r  i n  HBI ca t t l e) , 
( - : value i s  s ma l l e r  i n  HBI c a t t l e )  

Cows 

GH + 
P r o lac t i n fP r l )  
P l a c e n t al a c t ogen + 
I n s u l i n  - + 
G l ucagon 
T3 + 
T4 
P r oges t erone + 
O e s t r ogen 
LH 
IGF-I  
Urea - + 
C r e a t i n ine 
G lo bu l i n  
I mmunoglobul i n  
P lasma pro t e i n 
G l u c o s e  + 
NEFA + 
BHBA + 
Ke t on e s  + 
P o t as i um 
I n o rgan i c  phosgha t e  ( P i )  
Haema t o c r i t ( P  V) + 
A l ka l i ne phos pha t ase 
H o rmone sens i t ive l i pase + 
Mammary �- l a c t al bumin 

syn t he s i s  to Prl t reatme n t 
L i p ogenes i s  
Arg i n i ne-hy p e r i ns u l i nm i a  
A r g i n i ne-hyper-GH-release 
I n s u l i n -hypoglycaemia 
Ca t e cholam 1 n e s -

hyperglycaemi a 
C a t e ch o lami nes 

hyper l i p i daemia  + 
G l ucagon-hyper¥lyc�em i a  
Hea r t - ra t e  a t  eed 1ng 

He i fe r s  

+ 

+ 

+ 

+ 
+ 

+ 

+ 

B u l l s  Calves 
( prepube r t al)  

+ + 

+ + 
+ 
+ 

+ 
+ - + 

+ 
+ 
+ 

+ + 
+ 

+ 
+ 

+ 

+ 

A h l b o r n -Bre i e r  e t  al . 1 9 8 7 ; Barnes e t  a l . 1 98 5 ; Bonczek e t  a l . 
1 98 8 ; B r i dges e t  a l . 1 98 7 · E ley e t  a l . 1 9 8 1 a , 1 98 1 o ;  Flux e t  a l . 
1 9 8 4 ; G i bs on e t  al . 1 9B 7 j Har r i s on e t  a l . 1 9 8 8 ; Kazmer e t  a l . 
1 98 6 ; Kazmer  e t  a l . 1 98 9 ; Land e t  a l . 1 983 ; Lukes e t  a l . 1 9 8 8  
M cNamara 1 9 8 9 ; M cNamara and H i l l e r s  1 986a , 1 98 6 b ; Mackenz i e  e t  a l . 
1 98 8 ; Mas s r i  e t  a l . 1985 ; Sej rsen e t  al . 1 9 8 4 ; S in ne t t - Sm i t h  e t  
a l . 1 9 8 7 � Smi t h  and McNamar a  1 9 8 8 ; T i l aka r a t n e  e t  al . 1 98 0 ; Vega 
e t  a l . 1�88 ; X i ng 1985 ; X i ng e t  a l . 1988 ; K i t chenham e t  a l . 1 9 7 5 ; 
S ta rk e t  a l . 1 97 8 ; Pe t e r s o n  e t  a l . 1 98 2 ; Ma 1 98 5 . 

There i s  i nc reas i ng i n fo rma t i o n  s up po r t i ng t he v i ew t h a t  gene t i c  

var i a t i on ,  caused by s e l e c t i on f o r  m i l k  p roduc t i on ,  e x i s t s  i n  me t ab o l i c  

t ra i t s o f  d a i ry ca t t le . Th i s  var i a t i on has been o b s e rved p r i ma r i ly i n  

p la s ma concen t r a t i ons o f  GH , prolac t i n ,  insul i n ,  t hyro i d  hormone s , 
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glu c os e , NEFA , p r o t e i n  and urea . I n  add i t i o n , me t abol i c  challenges 

such as  i nj e c t i on o f  glucose , ca t echolamine s , i nsul i n ,  g l ucagon and 

TRH , and f as t i ng / r e feed i ng have b een e f f e c t i v e  in magn i f y i ng s om e  o f  

the d i f f e r ences  wh i ch o c cur  be tween the l i nes , Moreove r ,  gene t i c  

var i a t i on i n  phy s i o logi cal t ra i t s  i s  d e t e c ted no t only i n  mature  c ows 

but a l s o  in young c alves , bo th  male and f emale . 

V .  Purpose and scope o f  the i nves t igat i on 

A l t h ough the e f fe c t s  o f  gene t i c  selec t i on f o r  m i lk p r oduc t i on on 

me t abo l i c  p r o f i le s  in blood have been demons t ra t e d  recen t ly in d a i ry 

ca t t l e , the  resul t s  s o  far repo r t ed are based upon l i m i t ed o b s erva t i ons  

and thus a r e  no t conclus i ve . For  i ns tance , i n c ons i s t en t  o r  s ome t i me s  

conf l i c t i ng resu l t s  exi s t  w i th  r e s p e c t  t o  t h e  e f fe c t o f  gene t i c  mer i t 

on p l asma concen t ra t ions o f  GH , i n su l i n , glucos e , NEFA , and u r ea . A 

grea t e r  e levat i on i n  plasma NEFA concen t ra t i on a f t e r  fas t i ng i n  the  

h i gh gen e t i c  mer i t calves was o b s e rv ed in  one s t udy ( Ti laka r a t n e  et  al . 

1980 ) b u t  n o t i n  o t hers ( Sej rsen e t  al . 1 98 4 ; S i nne t t - Sm i th  e t  al . 

1987 ; M ackenz i e  e t  al . 1 9 88 ) . Bo t h  g rea t e r  and l owe r plasma urea  

concen t ra t i ons have been found in  h i gh gene t i c  mer i t  l i ne s ( gr e a t er : 

Barnes e t  a l . 1 9 8 5 ; Mackenz i e  e t  al . 1 988 ; l owe r :  T i l akar a t n e  e t  

a l .  1 9 8 0 ; Sej r s e n  e t  a l . 1984 ; S i nne t t - Smi t h  et a l . 1 98 7 ) .  The 

reasons f o r  these d i s c repan c i es have no t been eluc i da ted . Bes i de s  the  

p os s i bl e  e f f e c t  of  d i f ference i n  the gene t i c  c ompos i t i on of  the  

popula t i ons  i n  d i f ferent s t ud i es , var i a t i o n  in  expe r i men t a l  c o nd i t i on s  

( non-gene t i c  e f f e c t s )  can a l s o  have a marked i n f luence on  the  resu l t s . 

O f  t h e  n on-gene t i c  e f fec t s , d i f f e rences i n  level o f  feed i n t ake , type 

o f  f e ed , f e e d i ng regimen , sampl i ng r eg i men , and dose o f  chal lenges may 

have c on t r i bu t ed t o  these d i s c r e p an c i es . Howeve r ,  so far few s t u d i e s  

have exami ne d  t h e  e f fe c t s  o f  these fac t o rs o n  me tabo l i c  charac t e r i s t i c s  

o f  the  h i gh and l o w  gene t i c  mer i t l i nes . 

The s e l e c t i o n  o f  he i fe r s  i s  a maj o r  weak p o i n t  o f  t rad i t i on a l  

breed i ng p r ogramme s . I f  gene t i c  marke r s  c ould b e  d ev e l o ped f o r  

i d en t i f y i ng hei f e r s  o f  super i or gen e t i c  mer i t ,  then the ra t e  o f  gene t i c  

i mp rovemen t would b e  i nc reased subs t an t i al l y . He i fe r s  may a l s o  s e rv e  

as a model  f o r  bulls  s i nce there  are  no c l e a r  exam p l e s  i n  t h e  

l i t e r a t u r e  o f  gene t i c  me r i t  X sex i n terac t i ons  i n  me t abo l i c  
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charac t er i s t i c s .  Thus markers i d en t i f i ed i n  h e i f e r s  could p o t e n t i al l y  

b e  i n corpora t ed i n t o  s chemes for s e l e c t i ng bul l s  e i ther f o r  p rogeny 

t e s t i ng or f o r  al t e rna t i v e  programme s . 

The r e f o r e , F r i es i an hei f er s  f rom t h e  two s el ec t i on l i n e s  a t  Mas s e y  

Un i ve rs i t y  we r e  used i n  these  expe r i men t s . The t w o  l i n e s , s e le c t ed 

w i t h  ass i s tance  f rom t h e  L ives t ock Improveme n t  D i v i s i on o f  t h e  New 

Zealand Dai ry Board , d i f f e r  by 20% in t e rms of e s t i ma t ed breed i ng i nd e x  

a n d  previ ous s t ud i es have i d en t i f i ed me t a bol i c  d i f f er ences be tween t h e  

l i nes  ( Flux e t  al . 1984 ; Bri dges e t  al . 1987 ; Mackenz i e  e t  al . 

1988 ; X i ng e t  a l . 1988 ) .  In par t i cu l ar , d i f f er ences d e t e c ted  i n  

t h e s e  s t ud i e s  have been mos t apparen t whe n  non-gene t i c  fac t o r s , s uch as  

age , l i ve we i gh t ,  feed i n take and feed i ng managemen t a r e  c on t r o l l ed . 

I n  t h e  p r e s en t i nves t i ga t i o n , emphas i s  was placed  on con t r o l l i ng t h e s e  

f a c t o r s  s o  t ha t , wi t h i n  expe r i men t s , ani mals i n  e a c h  gene t i c  group  w e r e  

m a t ched as  c l o s ely as  pos s i ble . F u r t h e rmo r e , the pos s i b l e  e f fe c t  o f  

s t age o f  the  o e s t rous cycle  o n  me t abo l i s m  was c on t rol led and evalua t e d  

by g i v i ng p roges t e rone t o  the he i fe r s  d u r i ng t h e  last  t w o  expe r i me n t s  

( Chap t ers  4 and 5 )  a f t e r  the indi ca t i on o f  a p os s i ble i n f luence  o f  

o e s t rous c y c l e  o n  me tabo l i sm from the  f i r s t  t r i al ( Chap t e r  3 ) . 

P lasma concen t ra t i on s  o f  GH , i nsul i n ,  g l ucago n , gluco s e , NEFA , 

u r e a , and c r ea t i n i ne were  c ompared be tween t h e  HBI and LBI h e i f e r s  i n  

t h i s  s t udy , n o t only b e c au s e  they a r e  i mpo r t an t par t i c i pan t s  i n  t h e  

overall  me t a bo l i sm o f  t h e  animal , bu t a l s o  b e c a u s e  gene t i c  var i a t i o n  i n  

t h e s e  parame t e r s  h a s  been d e t ec ted o r  i m p l i ed by the resu l t s  o f  e a r l i e r  

s tud i es a t  M a s s ey Un i ve r s i ty and e l s ewher e . I n t errela t i o n s h i ps may 

e xi s t  among these  ho rmone s  and me t abo l i t e s . For example i t  has been 

hyp o thes i s ed tha t d i f fe rences  i n  plasma glucagon l evels may be  one  o f  

t h e  regula t o r y  f a c t o r s  r e s pons i ble f o r  t h e  glu c o s e  d i f ference  be tween 

t h e  l i ne s  ( Flux e t  al . 1984 ) , bu t such d i f f e rences have n o t been 

exam i ned in  t h e  Massey Unive rs i ty l i nes . 
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Ther e fore t h e  obj ec t i ve s  o f  t h i s  s t udy we r e  t o : 

1 .  Deve lop  a r ad i o- i mmunoa s s ay capable o f  measur i ng the p lasma levels  

of  glucagon in  ca t t le . 

2 .  S c an the d i f f erences i n  basal plasma conce n t ra t i on s  o f  me t abo l i t es 

and hormones be tween t he two l i nes o f  h e i fers  ( HB I  vs LBI)  i n  

r e la t i on t o  t i me o f  the d ay and onse t o f  f ee d i ng .  

3 .  Measure the d i f ferences i n  me tabol i c  res pons e s  be tween the two 

l i nes o f  h e i f e r s  t o  var i ous me t abo l i c  chal lenges i nclud i ng 

glucose , i ns u l i n ,  glucagon and adren a l i n e  i nj ec t i ons , and 

fas t i ng / r e f ee d i ng . 

4 .  A s s e s s  the e f fe c t  o f  ene rgy balance on the  d i f ferences i n  p l asma 

concen t r a t i on s  of  me t a bo l i t e s  and hormones and i n  the response t o  

m e t abo l i c  chal l enges i n  LBI and HBI he i fe rs . 

5 .  T e s t i n terac t i o n s  be tween dose o f  glucose and i nsul i n  chal l enges 

and gene t i c  m e r i t on r e s ponse t o  these challenges . 

6 .  Evalua t e  i n t e ra c t i ons b e tween gene t i c  mer i t  and t ime rela t i ve t o 

f eed i ng on  me t abo l i c  r e s ponse t o  adrenal i ne challenge 

7 .  Ve r i fy the p os s i b i l i t y  of i n terac t i on s  be tween s tage o f  t h e  

oes t rous c y c l e  and gene t i c  me r i t  on  me t abo l i c  response t o  g l u c o s e  

cha l l enge 
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CHAPTER TVO : DEVELOPMENT AND APPLICATION O F  A DOUBLE ANTIBODY 

RADIOIMMUNOASSAY FOR BOVINE PLASMA GLUCAGON 

I .  INTRODUCTION 

G lucagon i s  a sma l l  p o lype p t i d e  h ormone con t a i n i n g  2 9  ami no a c i ds 

and s e c re t e d  from the panc re a t i c  A- c e lls . I t  p lays an i mpo r t an t  r o l e  

i n  m a i n ta i n i ng b l o o d  g l u c o s e  c oncen t ra t i ons  i n  an i mals , b y  s t i mu l a t i ng 

hepa t i c  glycogenolys i s  and g luconeogenes i s  ( thus an t agon i s i ng the 

hypoglycaemi c  e f fec t of  i ns ul i n ) , and favour i ng l i p i d  release and 

u t i l i s a t i on .  The catabo l i c  e f fec t s  of glucagon on  mus c l e  and l i ver 

p r o t e i n , as we l l  as the e f f e c t  of s t imula t i ng hepa t i c  u p t ake of t he 

r e l eased am i n o  a c i ds , are  t hough t t o  be par t  o f  the  m e chan i sm by wh i ch 

glu c agon s t i mu la t e s  gluconeogenes i s .  

g l uc agon i n  rumi nan t 

v i r t u a l ly a l l  glucose 

me t a bo l i sm may 

i n  mature  

The cen t ra l  r ole o ccup i ed by 

be h ighl igh t ed by t h e  f a c t  t h a t  

animals  i s  der i ved t h r ough 

g l u c oneogene s i s , a process  i n fluenced t o  a l arge ex t en t  by glucagon . 

The r e f o r e , d i f f er ences i n  energy and n i t r ogen me tabo l i sm be t ween the 

HBI and LBI ca t t le could be accoun ted  f o r , i n  par t , by d i f fe rences i n  

b l o od g lucagon me t abo l i sm be tween t he s e  two groups o f  ca t t le ( Chap t er 

I ) .  

Desp i t e  i t s i mpo r tance i n  the ma i n tenance o f  homeos t as i s , glucagon 

has no t been w i de ly s tu d i ed in all s p e c i e s , i n clud i ng rumi nan t s .  Th i s  

i s  m a i nly d u e  t o  the  grea t e r  d i f f icul ty  i n  d eve l o p i ng a r e l i able  

rad i o i mmunoassay ( RIA)  f o r  glucagon t han f o r  o t her  ho rmones . The  maj o r  

p r ob le m  i s  a s s o c i a ted w i t h  the  produ c t i on o f  an t i bod i es t o  glucagon . 

Immun i sa t i o n  aga i ns t glucagon o f t en resul t s  i n  the produ c t i on o f  two 

maj o r  types o f  glucagon an t i bo d i e s  in the serum . One type of an t i body 

has weak c ro ss - reac t i vi t y  wi th  o th e r  po lype p t i d e s  and i s  d i re c t e d  

aga i n s t the  COOH t e rminal  o f  t he glucagon molecu l e . Th i s  type  o f  

an t i body i s  known a s  " COOH t erm i na l  s p ec i f i c "  o r  " pancrea t i c  glucagon 

s pe c i f i c " . H ormones recogn i se d  by t h i s  type o f  

r e f e rred t o  as  IRG ( i mmun o r eac t i ve glu cagon s ) . 

an t i bo dy , now known t o  be d i r e c ted aga i n s t  the  NH 2 

a n t i body are  o f t en 

The o th e r  t y pe o f  

t erminal  and t he 

c e n t ra l  reg i on o f  the glucagon mol ecul e ,  i s  o f t en r e f e r red a s  " NH 2 
t e r m i na l  s p e c i f i c "  o r  "non-spe c i f i c  glu cagon an t i body" . I t  i s  now 

e s t ab l i shed t h a t  an t i b od i es wh i ch recogn i s e  t h e  NH 2 t ermi nal  end o f  
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glucagon have a f f i n i ty f o r  var i ous  non-gluc agon polypep t i de h ormones , 

espec i al ly h o rmones secreted f r o m  the i n tes t inal t rac t ,  s u c h  as  t h e  

glucago n - l i ke pe p t i d e s  ( gu t  glucagons ) .  Thi s  i s  because o f  t h e  

homogen e i ty i n  t h e i r  s t ru c t ures  w i t h  g lucagon s e c re t e d  f r o m  t h e  

pancrea t i c  A cells . Polypep t i des  which r e a c t  mainly w i th NH 2 t e rminal  

s pe c i f i c  an t i body are o f t en r e ferred t o  as  glucagon-l i ke 

immuno reac t i vi ty ( GLI ) . There f o r e , t he produ c t ion  o f  an t i bod i es 

s pe c i f i c  t o  glucagon i s  an e s s en t i al  e l emen t i n  t h e  developmen t o f  a 

val i d  RIA f o r  glucagon . 

B e s i d e s  the  d i f f i cul ty o f  producing glucagon an t i bod i e s , the  a s s ay 

procedure f o r  gluc agon i s  more  res t r i c t ed due t o  t h e  fac t t h a t  

endogenous glucagon i n  plasma i s  uns t able and c a n  be e as i ly d amaged 

dur i ng i ncuba t i on o f  the assay . Fur thermo r e , i t  is n o t  always pos s i ble  

t o  produce  1 2 5 I - labelled glucagon w i th h igh s pe c i f i c i ty and  s t a b i l i ty 

f o r  use in the  RIA due t o  damage caused by i n t roduc i ng t he 1 2 5 I i n t o  

the glucagon mol e cule  o r  inadequa t e  pu r i f i ca t i on o f  t he 1 2 5 I - labelled 

glucago n . Thus the  es tabli shmen t o f  a glucagon rad i o i mmunoassay i s  

depende n t  u pon overcoming these d i f f i cul t i es .  Th i s  Chap t e r  r e po r t s  on 

the p r ocedures wh i ch were u s ed t o  d evelop a pancrea t i c- s p e c i f i c  

glucagon RIA f o r  use i n  s t udy o f  the low and h i gh breeding i ndex 

cat t l e .  

I I . M a t e r i als and me t hods 

1 .  Source of ho rmones 

B o v i n e  glucagon ( S igma G4250 , Lot N o . 65F-067 4 )  was u s ed as t h e  

an t i gen f o r  rai s i ng gl ucagon an t i se ra a n d  f o r  t h e  r e f erenc e  s tandard s . 

Glucagon ( E l i  L i l ly Company , Ind i anapo l i s ,  Ind i ana , USA , Lo t No . 

258-25J- 1 20 )  was i odinated wi t h  1 2 5 I as  the rad i oac t i ve t race  i n  the  

as s ay . Insulin ( S igma 

glucago n- l i ke pep t i de 

No . I - 5500 , Lot  No . 

I ( S i grna No  G-3265 , Lot  No . 

SSF-05 3 6 )  and 

3 6 F08 2 2 1 ) we r e  used 

as r e f e rence  ma t e r i als  for  t e s t i ng the s pe c i f i c i ty of  t he an t i s e r a  

rai sed aga i ns t glucagon . 
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2 .  Genera t i on o f  glucagon an t i se r a  and an t i s era t o  gui nea p i g  

gamma globu l i n  

1 )  An t i gen p r e para t i on :  Glucagon was c onj uga t ed t o  b ov i n e  s e rum 

a l bumi n ( BSA ) by the glu taraldehyde  me t hod ( Fr ohman e t  al . 1 9 70 ) . 

B r i e fly , 4 mg glucagon and 1 2  mg BSA ( S igma , Ca t .  No . A-80 2 2 , 

F ra c t i on V )  were d i s s o lved i n  1 . 6  ml  o f  0 . 2  M b o r a t e  bu f f e r  ( W i l l i ams 

and Cha s e , 1 9 6 8 ) a t  pH  1 0  and 0 . 8  ml  of  0 . 02 2  M glu taraldehyde s o lu t i o n  

was adde d  d ro pw i s e w i t h  cons tan t  s t i r r i ng .  The coupl i ng r e a c t i on was 

a l lowed to p ro ceed f o r  24 hours at room temper a t u re during wh i ch t i me a 

d e e p  yellow c o lour developed . The glucagon-BSA complex was d i alysed 

aga i ns t  1 200 ml  ( 500 v olume s )  of  0 . 1  M phos pha t e  buf fer , pH 7 . 0  for  48 

h w i th 2 changes of t he bu f f e r , a f t e r  wh i ch the complex ( 4mg/ 2 . 88ml ) 

was s t o red f ro z en a t  - 1 2 ° C  un t i l  req u i r e d . 

Conj uga t e d  glucagon was d i lu t ed wi t h  s a l i ne t o  0 . 5  o r  0 . 25 mg/ml 

for two d i f fe re n t  i mmun i s a t i on m e t h o d s  ( I  and II respec t i ve ly ) . The 

d i lu t ed s o l u t i on ( 0 . 5  m l ) was emul s i f i e d  wi t h  0 . 5  ml  Freund ' s  comple t e  

adj uvan t o r  w i th i ncomple t e  adj uvan t ( D i fco , Labor a t o r i e s , De t ro i t ,  

M i ch igan , U SA )  f o r  each gui nea pi g a t  each i nj ec t i o n .  

2 )  An i ma l s : E i gh t  young heal t hy f emale gu i nea pigs w e r e  d i v i de d  

randomly i n t o  2 groups f o r  t h e  produc t i on o f  glucagon an t i s e r a  b y  two 

d i f feren t i mmun i s a t i on me thods , as  p r o posed by P r o fessor  D . S .  F lux 

( me t hod I )  and Dr . K . M .  M o r i a r t y  ( me t hod I I ) ,  r e s p ec t i vely . 

3 )  I mmun i z a t i o n  p r o cedures : I n  bo t h  m e t h od s , the gu i ne a  p igs were  

i nj e c t ed at  monthly i n t e rvals on 4 o ccas i ons  before  a boos t e r  i nj ec t i on 

was gi ven and t he an i mals  bled . For  me t hod I ,  250  �g glucagon was 

emuls i f i ed w i t h  F reund ' s  comple t e  adj uvan t f o r  the f i r s t  3 i n j ec t i on s  

and inj e c t ed i n t radermally a t  6-8 s i t e s  o n  t h e  back o f  the gui nea  p i gs . 

F o r  the f o u r t h  i nj ec t i on ,  glucagon was emuls i f i ed wi t h  F r eund s ' 

i nc ompl e t e  adj uvan t and the i nj ec t i on was g i ve n  subcu t aneously ( as m i ld 

u l c e r  developme n t  on  t h e  s i t es o f  previ ously i nj e c t ed skin  made f u r t h e r  

i n t rade rmal i n j e c t i ons  i napprop r i a t e ) . 
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For  method I I ,  1 2 5  }.lg glu cagon was emu l s i f i ed w i t h  F reund ' s  

compl e t e  adj uvan t f or t h e  f i rs t i nj e c t i on ,  and i n compl e t e  adj uvan t was 

used  for  the  3 r ema i n i ng i nj ec t i on s . Inj e c t i ons w e r e  g i ve n  

subcu tan eous ly a t  mul t i pl e  s i t es on the  neck , i ns i de t h e  t h i gh and 

a l on g  t h e  back o f  the  ani mal . 

A boos t e r  i nj e c t i on o f  100 JJg o f  free  glucagon i n  s t e r i l e  

phys i ol ogi cal s a l i n e  was g i ven sub c u t aneously t o  a l l  an i ma l s  5 mon ths  

a f t er the f i r s t  i nj e c t i on .  Ten days l a t e r  the  gu i nea pigs w e r e  bled  by 

card i a c pun c t ur e . Blood was colle c t ed i n t o h e pa r i n i sed c en t r i f ug e  

t ubes  and p l a c e d  on i c e .  P lasma was harve s ted  a f t er c e n t r i fuga t i on 

( 2500g , 4° C ) , d i lu t ed a t  1 : 1 00 wi th  assay bu f fe r  ( wi tho u t  t rasylol ) ,  

a l i qu o t ed i n t o  small v i a l s  ( 0 . 3 ml ) and s t o red a t  - 1 2 ° C .  

4 )  Produc t i on o f  s e c ond an t i body :  Gui nea p i g  gamma g l o bu l i n  ( GP y )  

was p r e pared f rom n ormal gu inea p i g  plasma by prec i pi t a t i on w i t h  

Larger mo lecules  i n  t h e  plasma w e r e  f i r s t  

p r e c i p i t a t ed and removed w i th 18% ( NH 4 ) 2 S04 and then the concen t ra t i o n  

o f  ( NH 4 ) 2 S04 w a s  i nc reased t o  33% . The resul t ing p r ec i pi t a t e  was 

washed twi c e  in 40% ( NH 4 ) 2 S04 , d i alysed agains t 0 . 1 M NH4 HN03 and 

lyoph i l i sed .  The G P y  was i nj e c ted i n t o s h ee p ,  us i ng the  same p ro c e d u r e  

a s  me thod I I  f o r  gluc agon an t i body p roduc t i on d es c r i bed above 

( Pr o f e s s o r  D . S .  Flux , p e r s onal commun i ca t i on ) . 

The GPy p r o d u c ed by t h e  s a l t i ng o u t  me thod was also a d d ed t o  t h e  

a s s ay tubes t o  i nc rease the volume o f  t h e  p r ec i pi t a t e  produced  on the  

add i t i on o f  t h e  s e c ond an t i body .  

3 .  P r e pa r a t i on o f  r e f e rence s t andard s . 

Assay bu f fe r s  for  p r e p a r i ng glucagon s t ock s o lu t i on and r e f er e n c e  

s tandard s , a s  w e l l  as f o r  glucagon a ssays , w e r e  p repared as  f o l lows . A 

m i x t u r e  o f  90% 0 . 0 1 M PBS  phos pha t e  bu f f e r  + 1 0% 0 . 1  M EDTA-PBS b u f f e r  

was made u p  t o  con t a i n  1 . 6  mg/ml BSA and 2 0 0  kal l i kr e i n  i nh i b i t o r  u n i t s  

( KI U ) /ml o f  A p r o t in i n  ( S i gma No A-6 2 7 9 ,  L o t  4 7 F-8020 ) , a t  p H  7 . 5 .  

Glucagon s t o ck s o lu t ion was prepared by d i s solv i ng 1 ug glucagon i n  1 00 

w l  0 . 0 1  N NaOH and fur t h e r  d i lu t ed w i t h  as s ay bu f fe r  to  g i v e  a s o lu t i on 

o f  1 0  JJg/ml g l u c agon . Glucagon s t and ard s ( 0 . 05 ,  0 . 1 ,  0 . 2 ,  0 . 4 ,  0 . 8 ,  
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1 . 6 ,  3 . 2 ,  6 . 4 ,  and 1 2 . 8  ng/ m l ) we r e  prepared by s e r i al d i lu t i on o f  t h e  

s t o ck s olu t i on w i t h  assay buffe r . T h e  s t andards were a l i qu o t e d  and 

s t o red f ro z en at - 20° C for u p  t o  6 mon t h s  un t i l  used i n  the assay . 

4 .  Glucagon i od i nat i on and pur i f i ca t i o n  o f  the 1 2 5 1 - la b e l l e d  

glucagon 

The i od i na t i on of  glucagon was bas ed on  t h e  chlo r amine-T me t h o d  o f  

Gr e enwood e t  al . ( 1 9 6 3 ) ,  and t h e  i o d i na t ed glucagon was pur i f i e d  

accord i ng t o  J o rgensen and Larsen ( 19 7 2 ) . 

A 1 . 1x15  cm c o l umn o f  QAE-Sephadex A-25  ( Pharma c i a  AB Labo r a t o r y  

Separa t i on D i v i s i on , Uppsala , Sweden , Lo t No . LD 0048 1 )  i n  0 . 08 M 

Tr i s , 0 . 02 N HCl , 0 . 08 M NaCl ( pH 8 . 6 )  bu f fe r  was prepared . The c o lumn 

was equ i l i bra t ed w i t h  the s ame bu f f er c on t a i n i ng ,  in addi t i on ,  1%  human 

s e r um album i n  ( Co mmonweal t h  Se rum Lab o ra t o r i e s , Melbourn e , Aus t ra l i a  

CSL , B 6 7 6  AD-446 1 ) , and 5 0  KIU/ml o f  Apro t i n i n ,  a t  a ra t e  o f  1 0  m l / h . 

F o r  i o d i na t i on ,  approxima t ely 10  wg glu cagon was d i s s olved i n  0 . 01 

N NaOH t o  g i v e  a f i nal  concen t ra t i on o f  0 . 4  wg/ul . Twen t y  f i ve w l  o f  

f re sh l y  p repared glucagon solu t i on was added t o  a s i l i con i s ed v i a l  wi t h  

a t ap e r ed bo t t om and m i xed wi t h  5 w l  ( 0 . 5  mCi ) 1 2 5 1 and 2 5  w l  0 . 4  M 

phos ph a t e  buf f e r , pH 7 . 2 us i ng a s i li coni s e d  p i pe t t e .  F i ve w l  o f  0 . 4% 

Chl orami ne-T ( th i s  and a l l  the  following r eagen t s  wer e  m ad e  u p  i n  0 . 04 

M phos pha t e  buf f e r , pH 7 . 4 )  was added to t h e  v i a l  rap i d ly and aga i n  

m i x e d . Ten s e conds  l a t e r  t he r eac t i on was s t o pped by add i ng i n  

s u c c es s i on 2 0  w l  o f  0 . 2 4% Na2 S 2 05 , 50 w l  o f  1 %  KI , s w l  o f  2 M  TR1 S  and 

1 m l  o f  co lumn e luent  bu f f e r . A sample ( 1 0 ul ) of th i s  m i x t u r e  was 

c o l le c t ed to mea s u r e  t he t o t a l  rad i oac t i v i ty i n  t he reac t i on v i a l  and 

for subsequen t ly c a l cul a t i ng t he r e covery of 1 2 5 1 f rom t h e  c olumn . The 

r emai n i ng con t en t s  of  the  v i al wer e  t rans f e r r e d  to  the t op of  the a n i o n  

exchange c olumn w i t h  a d i s posable p i pe t t e and f low r a t e  t h r ough t h e  

c o lumn adj us t ed t o  1 0  ml/hr . Frac t i ons  ( 1  m l )  o f  t h e  eluen t were  

c o l l e c t ed i n t o  L P 3  plas t i c  assay tube s  and 10  w l  f rom each t u b e  was 

c oun t ed f o r  p lo t t i ng the  e l u t i on prof i l e  u s i ng a gamma c oun t e r  ( LKB 

Wal l a c , 1 2 6 1  Mul t i gamma , Wallac OY , F i n la nd ) . Two exampl e s  o f  t h e  

e lu t i on p a t t e rn a r e  shown i n  F igu r e  2 . 1 .  T h e  f rac t i ons  ( 2 9 - 3 5 ) 

c o r re s pond ing t o  t h e  maj o r  par t of  t h e  m a i n  peak , whi c h  a cc oun t ed f o r  
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approximately 40% o f  t he t o t al coun t s  app l i ed t o  the  c olumn , we r e  

c o l l e c t ed and s t o red a t  -20° C un t i l  u s e . A h i gh propo r t i o n  o f  t h e  

rad i oac t i v i ty app l i ed r e ma i ned on  t h e  c olumn as  d e s c r i bed b y  Jorgenson 

and Larson  ( 1 9 7 2 ) . 

5 .  Rad i o i mmun o a s s ay me thod 

The p r o cedure for the  glucagon RIA was as  follows . Gluc agon 

s t a ndard s o r  glucagon in unknown s amp les  ( 10 0  ul ) were added , i n  

t r i pl i c a t e , t o  3-ml plas t i c  assay tubes ( LP 3 , Luckhams C o . ,  England ) 

and mi xed wi t h  100 � 1  o f  t he glucagon an t i body ( d i l u t ed a t  1 : 1 2 , 000 and 

1 : 1 6 , 00 0  for GP2 and GP3 respe c t i ve ly ) . Three con t rol tubes wi thou t 

s t andards ( i . e . 100 � 1  assay buf fe r  i ns t ead o f  s tandard / sampl e )  wer e  

added a s  1 00% o r  B o  tubes and three con t ro l  t u bes  wi thou t an t i serum  

( i . e . 100 �l  assay bu f f er plus  100 w l  GPy ins t ead o f  glucagon 

an t i se r a )  were added a s  non-s pec i f i c  bind i ng tubes wi t h i n  each a s s ay . 

A f t e r  2 4  hours i ncuba t i on a t  room t empera t u r e , 50 wl 1 2 5 1 -gl u cago n  

( ap prox . 5000 cpm )  w a s  added t o  t h e  tubes and i n t o  t w o  b l ank t u b e s  ( as 

t o t al coun t s ) , and i ncubated a t  room t empe r a t ure f o r  a fur ther  2 4  

hours . Then , the s e c ond an t i body ( 50 �l o f  sheep an t i -gu i nea p i g  gamma 

g lobul i n  an t i s erum at 1 : 40 d i lu t i o n )  was added . Follow i ng 72 hour  

i ncuba t i on at  4° C ,  t h e  g l ucagon-an t i body complex  was  prec i p i t a t e d  us i ng 

a cen t r i f uge a t  2500 g and 4° C f o r  30 m i nu t es . The supern a t an t  was 

r emoved f rom the tube by asp i ra t i on .  The a s s ay tubes c on t ai n i ng t h e  

s t andards o r  sampl e s  were coun t ed i n  a gamma coun t er f o r  6 0  s e c o nd s . 

The value o f  Bo  var i ed f rom 30 t o  45% of  t o t a l  c o un t s , and the  value o f  

non-spec i f i c  b i nd i ng f ro m  3 t o  5% o f  t o t a l  c oun t s  f o r  mos t o f  t h e  

a s s ays . 

III . RESULTS 

1 .  Val i d a t i on o f  t he rad io i mmunoas s ay sys t e m  

1 )  Charac t er i za t i on o f  t h e  an t i sera 

i )  T i t re :  The t i t re measures  the max i mu m  b i nd i ng capac i ty ( i . e .  

t he t o t a l  number o f  b i nd i ng s i t e s )  o f  t he an t i s e rum and d e t e r m ines  t h e  

d i lu t i on a t  whi ch t he an t i serum c a n  be u s e d  f o r  a RI A . Normally , t he 
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t i t re o f  a n  an t i s erum can be  assessed  a s  the d i l u t i on f ac t o r  a t  wh i ch 

5 0% o f  the 1 2 5 I -glucagon i s  bound i n  the absence o f  any unlabe l l e d  

h o r mone i n  t h e  as say t ube . I n  the  present s t ud y , the an t i s e ra we r e  

d i l u t e d  a t  1 : 4 , 000 , 1 : 8 , 000 , 1 : 1 2 , 000 , 1 : 1 6 , 00 0  and 1 : 2 4 , 000 and 

i ncuba t ed w i t h  50  �l 1 2 5 I -glucagon ( 5000 cpm) f o r  24 hour s  at room 

t em p e r a ture . The s epara t i on o f  an t i body-bound f ro m  f ree 1 2 5 I -glucagon 

was a c h i eved w i t h  the add i t i on of a sheep an t i -gu i nea p i g  gamma 

g l o bu l i n  an t i se rum and i n cuba t i on a t  4 ° C  f o r  7 2  hours b e f o r e  

c e n t r i fugat i on .  T h e  b i n d i ng resul t s  are  shown i n  F i gu re 2 . 2 .  Only two 

gu i nea p i gs , GP2 and GP3 ( bo t h  i mmun i s ed by me thod I )  d eveloped 

an t i s e ra wi t h  rela t i ve ly h igh t i t re s . An an t i s erum w i th a h i gh t i t re 

i s  des i rable f o r  a RIA i n  that  only a small  amou n t o f  an t i s e rum i s  

r e q u i red t o  carry out  a la rge number o f  assays . Thus fur ther  

charac t e r i sa t i on was car r i ed  o u t  only  wi th these  two ant i s e ra .  

i i )  A f f i n i t y :  The an t i s e rum a f f i n i ty o r  e q u i l i br i um c on s t an t  Ka 

i s  a measure o f  the  a t t rac t i on be t we en the an t i body and the  an t igen , i n  

t h i s case g l ucagon . I t  d e t ermines  how far the reac t i on :  [ an t i body ] + 

[ gl u c agon ] [ an t i body-glucagon ] ,  c an be pushed t owards t h e  r igh t hand 

s i d e  o f  t h e  equat i on .  An t i bod i e s  wi th a h i gh e r  a f f i n i ty  y i e l d  RIA 

s t andard curves wi t h  i nc r eased assay s e ns i t i vi ty . The a f f i n i t i es f o r  

G P 2  and G P 3  an t i sera we r e  calcula t e d  from t h e  S c a t chard p l o t  ( Segal , 

1 9 7 5 )  us i ng the  s tandard c u rves  and resul t ed i n  the  values 2 . 56 x 101 0 

L / m o l  a nd 3 . 1 x 1 01 0  L/mo l , r e s pe c t i vely . 

i i i )  Sens i t i v i ty : The s e ns i t i v i ty o f  the assay was e s t i ma t ed  as  

t h e  smalles t amoun t o f  unlabe l l ed glucagon wh i ch could  be d i s t i ngui shed 

s t a t i s t i cally  ( P<0 . 0 1 )  f rom a zero s ample in t r i p l i ca t e  d e t e rm i na t i on 

o f  the  s tandard curves . The s ens i t i vi ty  o f  an assay us i ng the 

an t i s er um o f  GP2 was app r ox i ma t ely 1 50 - 200 pg/ml when the an t i se rum was 

d i l u t ed a t  1 : 1 2 , 000 , and f o r  GP 3 was approxima t el y  50- 1 00 pg/ml when 

used at  1 6 , 000 d i l u t i on . 

by 

I n  

b y  

i v )  S pe c i f i c i ty :  The s p e c i f i c i ty o f  a n  an t i s e ru m  i s  i nd i ca t ed 

t he degree t o  wh i ch the  an t i s e rum b i nds  only t he d e s i red an t i gen . 

t h i s s t udy , t h e  s p e c i f i c i t y  o f  an t i s e r a  from GP2 and GP3 was t e s t ed 

i n c u b a t i ng 1 2 5 I -glucagon wi t h  t he an t i sera i n  t he p re s en c e  

glucagon- l i ke p ep t i de I o r  i n s u l i n  a t  concent r a t i on s  o f  3 . 1 2 5 , 

o f  

6 . 25 ,  
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F i gu r e  2 . 1 The e l u t i on pa t t e rn o f  1 2 5 1 - l abelled bovine  glucagon f rom 

QAE- Sephad e x  A 25 equ i l i bra t ed w i t h  0 . 08 M TRI S ,  0 . 02 N HCl , 0 . 08 

M NaCl , 1%  human album i n  and 50 KIU/ml t rasylol ( pH 8 . 5 ) , and 

e l u t ed at 10 ml/hour ( exam p l e  1 ,  *-* , and example 2 ,  o -o) . 
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ANTISERA DILUTION 

F i g u r e  2 . 2  Evalua t i on o f  t h e  t i t res o f  glu cagon an t i s e ra e l i c i t ed i n  8 

young female  gu inea pigs  a f t e r  5 mon t hs o f  mon t h ly i nj e c t i ons  o f  

glu cagon-bovine  serum albumin o f  0 . 2 5 mg/an i ma l  a t  mul t i p l e  

i n t rad e rmal s i t es ( me thod I ,  s o l i d  l i nes) ; 0 . 1 2 5  mg/ an i ma l  a t  

mul t i pl e  subcu t aneous s i t e s  ( m e t hod r r , b r oken l i nes) . Boos t e r  

i nj ec t i ons  o f  1 00 ug o f  f r e e  glu cagon i n  s t e r i le s a l i n e  were  g i ven 

to  the  gu i nea p i gs 1 0  days be f o r e  c o l l e c t i ng the  blood s amp l e s . 
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1 2 . 5 ,  25 , SO , 100 , 200 , 400 and 8 0 0  ng/ml . T h e  r e la t iv e  po t en c i e s  o f  

t h e s e  two h ormones i n  compe t i ng wi t h  pancrea t i c  glucagon f o r  glucagon 

an t i body we r e  evalu a t e d  u s i ng t he r a t i o  of d i s placemen t of t h e  
1 2 5 I -glucagon caused b y  pancrea t i c  g lucagon and by glucagon- l i ke 

pep t ide  I and i nsu l i n .  A t  concen t r a t i ons  up  t o  800 ng/ml , n e i t h e r  

g l ucagon-l i ke pep t i d e  I nor  insul i n  exh i bi t ed s i gn i f i can t d i s p l a c emen t 

o f  the 1 2 5 I - labelled glucagon ( F i gu r e  2 . 3 ) f r o m  the an t i s e ra f ro m  

e i t her G P 2  o r  GP3 . Thus t h e  c r o s s  r eac t i v i t i e s  wi t h  i n s u l i n  and 

glucagon - l i ke pep t i d e  I were less  t han 0 . 5% and 0 . 1% f o r  the an t i s e ra 

o f  GP2 and GP3  respe c t i vely . 

v )  P re c i s i o n :  

b e t ween r e p e a t e d  

P r e c i s i on i s  a measu re o f  the  

d e t e rmina t i ons  on  t h e  s ame 

vari a t i on o b s erved  

sample . I n t ra-assay 

p r ec i s i on was d e t er m i n ed by calcula t i ng the  mean c oe f f i c i e n t  o f  

var i a t i on b e t ween t r i pl i ca t e  d e t e rmina t i ons o f  50 r andomly - ch o s e n  poo l s  

and unknown samples . The i n t e r-assay c oe f f i c i en t  o f  var i a t i on was 

cal cula t ed f r o m  6 qua l i ty con t ro l  p ools ( wi t h  plasma glucagon 

concen t r a t i ons  s p i ked from 2 t o  8 ng/ ml ) that were a s s ayed i n  

t r i pl i ca t e  i n  6 d i f fe r en t as says . The pools  were made u p  w i t h  p lasma 

c o l l e c t ed f rom e i ther fed  or fas t ed an i mals i n c l ud i ng 6 young calves , 5 

h e i fers  and one  bull . The i n t ra - and i n t e r -assay c oe f f i c i en t s  o f  

var i a t i on ( C . V . ) f o r  assays u s i ng GP2 an t i se r a  were 1 1 . 5% and 1 8 %  

respec t i ve l y . The i n t ra-assay C . V . f o r  t he assay u s i ng G P 3  an t i s e r a  

was 10% ( n o  i n t e r- a s s ay C . V .  ava i lable  f o r  GP3 a s  only o n e  as s ay was 

conduc t e d  u s i ng GP3 an t i se ra ) . 

2 )  P a r a l le l i sm :  Paral l e l i sm i s  a measure  o f  t he ex t e n t  t o  wh i ch 

h o rmone i n  t h e  unknowns i s  able t o  d i s place  label l ed an t igen f rom t h e  

f i rs t  an t i body , compared wi th the  s t andards .  The p re sence  o f  

paral lel i sm i s  an e s s en t i al requi reme n t  f o r  a val i d  rad i o i mmun o a s s ay . 

A l ack o f  parallel i sm can i nd i c a t e  t ha t : n a t ural hormone i n  t h e  

s amples d i f f e r s  f r om t he hormone u s e d  i n  the  s t andard curves i n  

molecular s t ru c t ure o r  i mmunoreac t i v i ty ; t h e  b inding b e tween t he 

ho rmone i n  t h e  s amples  and the an t i body i s  i n t e r fe r ed wi t h  ( promo t ed o r  

i nh i bi t ed )  by o ther fac t o r s  i n  the  plasma ; and excess i ve d eg rada t i on 

o f  the r ad i o- labelled an t i gen dur i ng i ncuba t i o n . 
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F i gure 2 . 3  D i s p l acement o f  1 2 5 1 -glucagon f r om the  an t i s era  o f  guinea  
p i g  2 (GP2 ) ( upper pan e l )  and GP3 ( lowe r panel )  by glucagon 
s t andards ( *- -* ) ' and by gl ucago n - l i ke pep t i d e  I ( o--o ) and b o v i n e  
i n s u l i n  ( +--+ ) at  concen t ra t i ons  o f  3 . 125  to  8 00 ng/ml 
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T h e  parallel i s m  o f  t he glucagon RIA was a s s e ssed us i ng t h e  G P 2  a n d  

G P 3  an t i s er a  at  a 1 : 1 6 , 00 0  d i lu t i on i n  a n  a s s ay i n  wh i ch 25 , 50 , 1 0 0  

and 2 0 0  u l  samples  o f  t h e  t h e  6 pool samples wer e  assayed i n  

t ri pl i ca t e .  The lack o f  paral l el i sm was r e c ogn i s ed i f  there  w e r e  

cons i s t an t  d ev i a t i on s  ( fo r  i n s t ance a t  2 0 %  o r  grea t e r ) be t ween t h e  

resu l t s  o f  d i f feren t d i lu t i on s . The resu l t s  i n  F igure 2 . 4  s hows t h a t 

t he r e  were  para l l e l  changes be tween the  curves  o f  glucagon s t and a r d s  

and t h e  d i l uted  sampl e s  f o r  b o t h  an t i s e ra . 

2 .  Plasma glucagon i n  h e i fers  

P lasma samples  were t aken from 3 2  p roges t e rone- t reated  he i fe r s  i n  

t wo e x p e r i m en t s  ( fo r  d e t a i l  see  Chap t ers 4 and 5 ) . I n  the  f i r s t  

exp e r i men t ,  6 sam p l e s  were collec t ed hourly f rom hei f e r s  f e d  7 5 %  

mai n t e nance energy r e qu i reme n t  ( MER ) but  wh i ch had no t been f e d  f o r  

m o r e  t ha n  1 7  hours b e f o r e  the  samp l i ng .  I n  t he s econd expe r i me n t ,  

p lasma s amp les were  t aken f rom 1 6  he i fe r s  f e d  1 25% MER and o n  t w o  

o ccas i on s : 1 )  38  samp l e s  taken ove r a 2 9  hour p e r i od during wh i ch t i me 

t he h e i f e r s  had been fed  twi c e ; 2 )  1 2  samp les  t aken dur i ng a p e r i o d  o f  

7 3  hours  i nvolv i ng f as t i ng and subsequen t r e f e e d i ng .  Samples  f rom t h e  

f i r s t  experimen t  w e r e  a s s ayed us i ng t h e  an t i s e rum o f  GP3 , wh i le s am p l e s  

f rom t h e  s econd expe r i ment  were assayed u s i ng the  an t i s e rum o f  G P 2 . 

The changes i n  mean plasma glucagon concen t r a t ions from  these  two  

exper i men t s  a r e  s hown in  Figure 2 . 5 .  

The re was cons i de rable var i a t i on i n  plasma glucagon concen t r a t i o n  

w i t h i n  and be tween t he hei fers  i n  t he two expe r i men t s  ( rang e : 0 . 1 5 t o  

6 ng/ml ) .  Feed ing and r e feed i ng res u l t e d  i n  r a p i d  i ncreases i n  plasma 

gluc agon concen t r a t i on ,  whi ch r e turned to  p r e - f e ed i ng level s  s oon a f t e r  

feed i ng ( F i gure 2 . 5 ,  m i d d l e  and l ower panels ) .  M o reove r , mean p lasma  

glucagon c oncen t ra t i on s  o f  the hei fers  we r e  l owe r ( P<0 . 05 )  d u r i ng the  

fas t i ng p e r i od ( F i gure 2 . 5  l ower - panel ) t han d u r i ng t h e  normal  fed  

per i o d  ( F igure 2 . 5  m i dd l e-pane l )  ( 0 . 687  vs 1 . 1 6 1  ng/ml ) . Thes e  r e s u l t s  

a r e , i n  gen e ral , c on s i s t en t  wi t h  the repo r t e d  e f fe c t s  o f  

f as t i ng o n  p lasma glucagon concen t ra t i on ( Mar l i s s e t  

Bas se t t  1 97 2 ;  Os t a s z ewski and Barej 1 9 7 9 ; d e  J ong 1 98 1 ) .  

feed i ng and 

al . 1 9 7 0 ; 
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F i gure 2 . 4  Evi dence of parallel i s m : S t andard curves o f  glucagon w e r e  

produ ced us i ng 

( lower  pane l )  

r e p r e s en t the 

t he glucagon an t i s era of GP2 ( upper  panel ) and GP3  

at  1 : 1 6 , 000 

d i s p la c emen t  

d i lu t i on ,  wh i le 

o f  1 2 5 I-glu cagon 

the  b roken l i ne s  

when bovine p lasma 

s amp l e s  were  added at  4 d i l u t i ons ( s ee : p a r a l lel i s m )  

I A "' /- . 
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he i f e r s : ( 1 )  samples c o l l e c t ed hourly for  6 

f o l l o w i ng 1 7  hours f as t i ng ( u pper  pane l ) ;  

h o u r ly f o r  2 9  hours from 1 6  he i fers  f ed a t  

proges t e rone- t re a t e d  

hours f rom 1 6  h e i f e r s  

( 2 )  samp l e s  c o l l e c t e d  

t i mes 0 a n d  1440 

m i n u t e s  ( m i d - panel ) , and over a 70  hour f as t i ng- r e f ee d i ng p e r i o d  

( lower- pa�el ) .  Feed i ngs commen ced a t  t i mes i nd i ca t ed b y  the 

ve r t i ca l  r e f e r ence l i ne . 
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IV DISCUSSION 

G lu cagon i s  a small polype p t i de and thus a poor ant igen . The 

coupl i ng o f  t he glucagon to s ome l arger p r o t e i n , such as bov i n e  s erum 

a lbumi n ,  i s  e s s en t i a l  for genera t i ng an t i se ra of h i gh sens i t i v i t y . 

Apar t  f ro m  t h i s ,  the coup l i ng procedure  may a l s o  increas e the  chanc e  o f  

produc i ng an t i sera  

f av ou r i ng t h e  c oupl i ng 

c a r r i e r  p r o t e i n  w i l l  

s pe c i f i c  

be tween 

leave a 

t o  pancrea t i c  glucagon . P r o c edures  

the  NH 2 terminal  of  glucagon and the  

f re e  COOH t e rm i nal , t hus g i v i ng more  

l i ke l ihood of  a glucagon-spec i f i c  an t i body b e i ng prod uced . Several 

s u c ces s f u l  c o u p l i ng p r ocedures have been developed f o r  t he glucagon 

m o l e cule  ( En s i n ck 1 9 8 3 ) , and they may favour the b i nd i ng of the carr i e r  

p r o t e i n  t o  d i f ferent  p a r t s  o f  t he g l u c agon m o l e cule  a s  these  me t ho d s  

d i f f er  i n  coupl i ng r e agen t s  and c ar r i e r  pro t e i ns . The exa c t mechan i s m  

con t ro l l i ng t he coup l i ng procedure i s , however , n o t  c lear  bu t i s  

t h ough t  t o  b e  i n f l uenced b y  reac t i on cond i t i ons  such a s  pH , 

t empera t ur e , and concen t ra t i on o f  bu f f e r .  

The l a c k  o f  c r o s s - reac t i vi ty  wi t h  glucagon - l i ke pep t i d e  I and 

i n s u l i n  by t h e  glucagon an t i sera produ ced in GP2 and GP3 s ugge s t s  t ha t  

t h e s e  two a n t i s era are  spec i f i c  t o  pancrea t i c  glucagon and d i re c t e d  

o n l y  aga i ns t t he COOH t e rm i na l  end of  t h e  molecule . Glucagon- l i ke 

p e p t i de I ( gl i cen t i n )  has sub s t an t i al s t ruc t u r a l  homology a t  t h e  NH 2 
end wi t h  panc r ea t i c  glucagon . I t  i s  thus one o f  the mo s t  l ik e l y  

p o lypep t i d e s  f rom the gu t t o  c r os s - rea c t  wi t h  non- s pe c i f i c  g l ucagon 

a n t i sera . The c r o s s -reac t iv i ty  of o t h e r  gu t hormones such  a s  

c h o le cys t o k i n i n  ( CCK ) , gas t r i c  i nh i b i t o ry p ep t i de ( G I P )  and vasoac t i ve 

i n t e s t i na l  p e p t i de ( VI P )  wi th the  glucagon an t i sera o f  GP2 and GP3  was 

n o t exam i ned  in thi s s t udy . Wh i le t hey could be  po t en t i a l  cand i da t e s  

f o r  a weak c r o s s-reac t iv i ty wi th glucagon an t i s era , t h e i r  i m po r tan c e  i s  

l i kely t o  b e  m i n i ma l  g i ven the  very weak c r o ss - reac t i v i t y  o f  GP2  and 

GP3  an t i s e r a  w i t h  glucagon- l i ke pep t i d e  I ( Schenck 1 9 7 7 ; M cEvoy e t  a l . 

1 9 7 7 ) . 

The u s e  o f  gu inea p igs to p r od u c e  glucagon an t i sera was s u c c e s s f u l  

i n  t h i s  s t udy . The subs t an t i a l  d i f f e rences in the  t i t re o f  t h e  

an t i sera b e tween the t wo immun i sa t i on me thods  ( F i gure 2 . 1 ) show t h a t  

m e thod I i n d u c e d  a s i gn i f i c an t ly h i gh e r  res ponse  t han me t hod I I . I n  
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m e thod  I ,  the adj uvan t -glu c agon 

p r o b ably resul t e d  in a l ower 

mix was i nj ec t ed i n t radermal ly wh i ch 

ra t e  o f  release than f r o m  t he 

s u b cu t an eous ly i nj ec t ed depo t .  Th i s  would l i ke ly have p r o l onged 

s t i mu l a t i on o f  the i mmune sys t em . I t  has been s ugge s ted  tha t var i ous  

r o u t es o f  d e l i very may be ranked i n  d e c reas i ng order  o f  e f fe c t i veness  

in  s t i mu la t i ng i mmune response to  a poor  an t i gen as  f o l l ows : lymph 

nodes , t he kne e  j o i n t s , i n t raderma l , i n t r amus cul a r , subcu t aneous and 

i n t ravenous ( Hurn  and Landon , 1 9 7 1 ) .  The c on t i nued use o f  F reund ' s  

c o m p l e t e  adj uvan t i n  me t hod I may a l s o  have resu l t ed i n  a more  

p r o longed sens i t i za t i on of  the  i mmune sys tem . The  d i f fe rence be tween 

m e t h o d s  I and II in the an t i gen dosage d e l i vered ( 0 . 25 mg v s  0 . 1 2 5  mg ) 

would p robably have had m i n i mal e f f e c t  as i t  i s  gen e r a l ly a c c e p t ed t h a t  

a n t i s e r a  response i s  rela t i ve ly i ndependen t of  i mmunogen d o s age ove r a 

w i d e  range o f  doses , once a c e r t a i n  m i n i mum quan t i ty i s  reached . Th i s  

s t udy was , howeve r ,  n o t  d e s i gned t o  es t ab l i sh 

r e q u i remen t . 

such a m i n i ma l  

An t i bod i es w i t h  a h i gh sens i t i v i ty w i l l  show a marked d e c l i ne i n  

t ra c e r  b ind i ng f o r  only small  changes i n  hormone concen t ra t i o n  i n  t he 

s t andard  curve . I n  t h i s  s tudy , the sens i t i vi t i e s  o f  t he GP3 and GP2 

( 50 and 200 pg/ml respe c t i ve ly )  we r e  rela t i ve l y  h i gher  than o th e rs 

r e p o r t e d  i n  the  l i t era t u re ( 2 - 5  pg/ml , Ho ls t and Aas ted 1 9 7 4 ) . Th i s  

may be a r e f lec t i on o f  d i f f erences i n  b i nd i ng a f f i n i ty  b e t ween the  

a n t i s e r a  p roduced in  the p resen t s tudy and those p roduced b y  o t hers  

( Ho l s t  and Aas t ed 1 9 74 ) . I n  prac t i ce the sens i t i v i t y  of  an assay can  

be i mp roved t o  c e r t a i n  e x t en t  by : decreas i ng the  amoun t o f  the  

an t i bo d y  added to the a s s ay tubes  ( Skelley et  a l . 1 9 7 3 ) ; add i ng l e s s  

o r  us i ng be t t e r  qual i ty o f  rad i o-label l ed ant i gen i n  the as say tube 

( Skelley e t  a l . 1 9 7 3 ) ; i n c reas i ng i n cuba t i on t i me o f  the  f i rs t  

an t i b ody w i t h  the unlab e l l ed an t i gen ; and delayed add i t i on o f  t ra c e r  

( Sk e l ley e t  a l . 1 9 7 3 ) . I n  t h i s  s t udy , d i lu t i ons  o f  t he G P 2  and GP3  

an t i s e r a  at  1 : 1 2 K ,  and 1 : 1 6 k  resul t ed i n  assay s ens i t iv i t i es wh i ch 

pe rm i t t ed a l mo s t  a l l  o f  t he unknown s amples t o  l i e  wi t h i n  t he l i ne a r  

p or t i on o f  t h e  s t andard c u rve . I t  may be n o t ed tha t t he GP3 was more  

s u i t a b l e  for  d e t e c t i ng l ow plasma glucagon l evel s  than GP2  as  t he 

sens i t i vi t y  o f  GP3 ( 50 pg/ m l )  was l ower t han t h a t  o f  GP2 ( 200 pg/ ml ) . 
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The glucago n  l evels o b t a i ned i n  the  p roges t e rone - t r e a t ed he i fe r s  

us i ng t he above a ssay me thod were comparable wi th  t h a t  i n  6 mon t h  o ld 

hei f e r s  ( Ba rnes e t  a l . 1 9 85 ) , but  were r e la t i vely h i gh compared t o  t h e  

resu l t s  o f  o thers  ( cows : abo u t  1 00-500 pg/m l , S a t i n  e t  a l  1 9 8 8 ; 

Sechen e t  a l . 1 9 8 9 )  under s i m i lar cond i t i ons . I t  i s  no t known i f  t h i s  

was d u e  t o  a s t i mu l a t o ry e f fe c t  o f  p r oges t erone on  p l a s ma glucagon 

leve l s  i n  t he he i f e r s . P lasma glucagon levels are h i gher  in females 

wi t h  a h igh c i r cu l a t i ng proges t erone , such as dur i ng pregnancy ( Dan i el 

e t  a l .  1 9 7 4 ;  Luyc ke e t  a l . 1 9 7 5 ; Hornnes and Kuhl 1 98 0 ; Ho rnnes 

1985 ) .  I n  add i t i on , loss  o f  the p o t ency o f  s t ored glucagon s t andard s , 

wh i ch i s  i n evi t a b l e  even i n  the  p r esence o f  t rasylol ( Hed i ng 1 9 7 1 ) , and 

the degrada t i on o f  1 2 5 ! -glucagon in p lasma dur i ng i n cuba t i on can a l s o  

g i ve h i gher than no rmal resul t s  ( E i sen t raut  e t  a l . 1 968 ) . 

Al t erna t i v e ly ,  t h e  d i f ference i n  abs o l u t e  levels o f  i mmuno reac t i v e  

glucagon be tween t h i s  and o t her s t ud i es c o u l d  r e f le c t t he u s e  o f 

d i f feren t s tanda rd s . Th i s  could be checked by compar i ng the  s tandards 

used i n  t h i s  labor a t o ry wi t h  those  used in  o t her labora t o r i es . 

Neve r t heles s , the method f o r  g lucagon assay d es c r i bed h e r e  f u l f i l s 

the c r i t e r i a  o f  a RIA i n  respe c t  o f  h i gh sens i t i v i ty and s pe c i f i c i ty 

f o r  meas u r i ng glucagon i n  he i fers . The i n t ra- and i n t er - a s s ay 

coe f f i c i en t s  o f  v ar i a t i on l i e  wi t h i n  accep t ab l e  l e v e l s . The 

par a l l e l i sm be t ween the curves  of  glucagon s t andards and t h e  d i lu t ed 

sam p l e s  has  fur t h e r  p roved val i d i t y  of the assay . F i na l ly , responses  

i n  p la s ma g lucagon t o the e f fe c t s  o f  feed i ng and  f as t i ng are  c o ns i s t e n t  

wi t h  t h e  resul t s  o f  o t her s t ud i es . 
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CHAPTER THREE : DIURNAL VARIATION I N  PLASMA METABOLITE AND HORMONE 

CONCENTRATIONS AND RESPONSE TO METABOLIC CHALLENGES IN HIGH 

BREEDING INDEX AND LOV BREEDING INDEX FRIESIAN 

HEIFERS FED AT TWO ALLOYANCES 

AB STRACT 

D i u rnal var i a t i on i n  blood m e t a bo l i t e and h o r mone concen t ra t i ons  

and t h e i r  r e s ponses to  acu t e  i n t ravenous i nj e c t i ons  of  glucose , 

i nsu l i n , glucagon and adrena l i ne wer e  exam i ned i n  t we lve 6-8  mon t h  o l d  

F r i e s i an he i fe r s  born t o  e i t h e r  h igh b r eed i ng i ndex ( HBI ) o r  l ow 

b r e e d i ng i nd e x  ( LBI ) paren t s . H e i f er s  were fed a t  b e l ow- ( 7 5 % )  and 

above- ( 1 2 5 % )  thei r  mai n t enance energy req u i r ement  ( MER ) in a 

s w i t chback t r i al ( s i ngle reve r s a l ) t o  t e s t  t he e f f e c t s  o f  s e le c t i on 

l in e  and i t s  i n t erac t i on w i t h  ene rgy balan c e . 

When c ompared wi th  h e i f e r s  fed  1 2 5% MER , t ho s e  fed 75% MER 

e xh i b i t ed :  i nc reased p lasma c r ea t i n ine  concen t ra t i on s ; a s ma l le r  

i n c remen t i n  p lasma urea concen t ra t i o n  a f t e r  fee d i ng ; grea t e r  p lasma 

NEFA levels i n  the pos t - prand i a l  p e r i od ; lowe r i n s u l i n  concen t ra t i on s  

d ur i ng a 24 h o u r  period ; d e c reased i nsul i n  r e l ea s e  and g l u c o s e  r emoval 

a f t er glucose  admi n i s t ra t i on ;  grea t e r  plasma NEFA concen t ra t i on s  and 

r e d u c e d  glucose  c l earance a f t e r  

g l y c ogenoly t i c  responses t o  glucagon 

insu l i n  i nj ec t i on ;  

and adrenal i ne ; and 

l i po ly t i c r e s ponses t o  glucagon and adrena l ine . 

enhanced 

i nc re a s ed 

Basal concen t ra t i on s  o f  i n su l i n ,  crea t i n i n e , GH and NEFA were  n o t  

i n f luenced b y  selec t i o n  l i ne . Rela t i ve t o  t h e  concen t ra t i ons  wh i ch 

e x i s t ed a t  t h e  t ime o f  f e e d ing , HBI he i fers  showed a s i gn i f i c an t l y  

g r e a t e r  r i s e  i n  plasma glucose  7 - 9  hours a f t er f e ed i ng .  P l asma u r e a  

c on c en t ra t i on also  r o s e  more  r a p i d ly i n  H B I  h e i f e r s  b u t  then  d e c l i ned 

more  r ap i d ly i n  the  p o s t p r an d i a l  p e r i od such that  concen t ra t i on s  were  

lower  i n  HBI than in  LBI  h e i f e r s  f rom 11  t i l l 23  hours  a f t e r  f e e d i ng .  

R e s ponses  t o  me t abo l i c  challenge we re generally no t d i f fe ren t b e t ween 

the  l i ne s  and there wer e  n o  l i ne x a l l owan c e  i n t erac t i ons  exc e p t  in  t h e  

NEFA r e s po n s e  t o  adrenal i ne where  H B I  h e i fers  res ponded more  t h an LBI 

h e i f e r s  at 7 5% MER but  n o t at 1 25% MER . 
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I t  i s  c oncluded  that  the  f e ed i ng r eg i me used i n  t h i s  e xp e r i men t 

was e f f e c t i ve i n  caus i ng subs t an t i al var i a t i on i n  blood  

hormone / m e t a bol i t e concen t ra t i on s  and in  responses t o  me t ab o l i c  

cha l lenge s . Howev er ,  there was no e v i d ence o f  marked a l l owance x 

s e le c t i o n  l i ne i n t erac t i ons . D i f ferences  b e tween the l i ne s  wer e  

l i m i t ed t o  plasma urea and glucose  concen t ra t i ons and were  d ep enden t 

upon t h e  s ampl i ng t i me rela t i v e  t o  feed i ng .  

I .  INTRODUCTION 

The s tudy o f  t he h igh breed i ng index ( HBI ) and low b r e e d i ng index 

( LB I ) s e l e c t i on l i n e s  o f  F r i es i an c a t t l e  a t  Mas s ey Univers i ty has shown 

tha t d i f f e r ences  in plasma ho rmone and me tabo l i t e  concen t ra t i on s  a re 

apparen t i n  the h e i fe r  and b u l l  calve s , as  well as i n  the ma t u r e  cows . 

The s e  d i f f erences are p r i mar i ly s e en i n  a s pe c t s  o f  g lu c o s e  and i nsu l i n  

me t a bo l i sm ( Flux e t  a l . 1 984 ; B r i dges e t  a l . 1 9 8 7 ; Macke nz i e  e t  a l . 

1 9 8 8 ; X i ng e t  a l . 1 9 88 ) . H owev e r , t h e  d i f f e rences have n o t  a lways 

been c o n s i s t e n t  b e tween years and be tween d i f fe ren t groups o f  an i ma l s .  

One p o s s i b le reason for  t h i s  i s  t h e  presence  of i n t erac t i on s  b e tween 

the  s e l e c t i on l i nes  and the  envi ronme n tal  cond i t i ons  to wh i ch t h e  

an i ma l s  a r e  expos ed . Thus , f o r  examp l e , F lux e t  a l . ( 1 9 8 4 )  f ound t h a t  

d i f fe r en c e s  be tween t he HBI a n d  L B I  lac t a t i ng cows were mos t apparen t 

when t he y  were und e r fed . 

The  o bj e c t i ve o f  this  exper i men t , t he r e f ore , was t o  d e t e r m i n e  t h e  

e f f e c t s  o f  ene rgy s ta tus on b a s a l  hormone and me t ab o l i t e c o n c en t ra t i on s  

a n d  o n  t h e  res ponses o f  t he s e  hormones and me t abol i t e s  t o  m e t abo l i c  

cha l lenges  i n  h e i fe r  calves f rom the two selec t i on l i ne s . 

I I . MATERIALS AND METHODS 

1 .  An i ma l s  

Twe l ve 7 - t o  8 -mon th o l d  F r i e s i an h e i fers , 6 b o r n  t o  paren t s  o f  

t h e  h igh b r ee d i ng i ndex ( HBI ) l i ne  and 6 born t o  paren t s  o f  the l ow 

b reed i ng i ndex  ( LBI ) l ine , were  used  i n  the exper imen t .  They w e r e  

r a i s ed o n  the  Dai ry Ca t t l e  R e search Un i t  a t  Massey Un i ve r s i ty and 

o r i g i na t ed f rom t he s ame l in e s  a s  those used in t he e a r l i e r  s t ud i e s  
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( Flux e t  a l . 1 984 ) . The e s t i ma t e d  mean B I  based on ance s t ry 

i n f o r ma t i on was 1 3 2�3 ( Mean � SD)  f o r  t h e  HBI group and 109+2  f o r  t h e  

LBI group . L i ve we i gh t s  ( lw t ) a t  the  s t a r t  o f  t h e  expe r i men t w e r e  1 8 0  

+ 2 8  k g  and 1 7 3  + 23  k g  f o r  H B I  and LBI h e i f e r s , r e s pe c t i vely . 

2 .  Expe r i mental  d e s i gn 

The e xp e r i me n t  was des i gned as a s w i t chback t r i a l  i nvol v i ng a 2X2 

f a c t or i a l  a r rangemen t of selec t i on l i ne ( HBI vs LBI ) and ene rgy 

a l l owan ce ( 7 5% v s  1 2 5% o f  maint enance ene rgy requi remen t ) .  The  1 2  

h e i f e r s  were d i v i ded i n t o  two b l o cks , A and B ,  w i th  3 HBI  and 3 LBI 

a n i mals in each  b lo ck . Block A rece ived  t h e  7 5% maint enanc e  ene rgy 

r e q u i remen t ( MER ) t re a tment  followed by t he 1 2 5% MER t rea tmen t wh i le i n  

B l o ck B t h e  s equence o f  f eed i ng levels  was rever sed . Bas a l  p lasma 

c on c en t ra t i ons o f  hormones and me t a bo l i t es and t h e i r respo n s e s  t o  a cu t e  

g l u c os e , i n s u l i n , glucagon and adrena l i n e  i nj e c t i ons we re measured i n  

e a c h  o f  t h e  p e r i ods . 

P r i o r  t o  each exper i men tal per i od , the h e i f e r s  had been g r a z i ng ad 

l i b i tum on m i xed ryegrass/wh i t e  c lover pas ture . A t  the s t a r t  of t h e  

p e r i od they we r e  housed i n  t i e - s t a l l s  f o r  a 1 5-day feed ing  adj u s t men t . 

H e i fers  we r e  fed m i xed pas t u r e  h ay ( pr edominan t ly p e re nn i a l  

ryegra s s / wh i t e  c love r )  t o  appropr i a t e  l evels  i n  each  p er i od . 

Ma i n t enanc e  was calcu la t ed as  0 . 55 MJ  ME/kg · 7 5  ( Ho lmes e t  a l . 1 9 8 4 ) 

and the hay was as sumed t o  c on t a i n  8 . 6  M J  ME/ kg DM at 85% DM ( Ho lmes  e t  

a l . 1 9 84 ) . Hay was o f f e red once d a i ly a t  1 600h and h e i fe r s  had f r e e  

a c c e s s  t o  c l ean wa t e r . 

On day 1 6  o f  each per i od , j ugular cannulae  were i ns e r t ed unde r  

l o cal anaes thes i a .  The f o l lowi ng d ay , blood  s ampl i ng f o r  b a s a l  p lasma 

h o r mone and me t ab o l i t e concen t ra t i on s  c ommenced at  1 600h ( i . e . 

c o i nc i den t w i t h  feed i n g )  and c on t i nued  a t  hourly i n t e rv a l s  f o r  2 4  

hours . On d ay 1 9  glucose  ( 0 . 4  g / m l  p re pared f o r  i n t ravenous i n fus i on 

by Na t i onal  Da i ry As s o c i a t ion , Palmer s t on Nor t h , New Zeal and ) was 

i nj ec t ed  ( 0 . 3  g / kg lw t )  at 09 30h and b l ood samples col l e c t ed a t  - 3 0 , 

- 1 5 , -5 , 2 ,  4 ,  6 ,  8 ,  1 0 ,  1 2 ,  1 4 , 1 6 , 1 9 , 2 2 , 2 7 , 32 , 4 2 , 5 2 ,  6 2 , 7 2 , 

8 2 , 9 2 , 102 , 1 2 2 ,  1 4 2 , 1 6 2 , and 1 8 2  m i nu t e s  f r om t h e  t i me o f  i nj ec t i on 

( t =O) . Cha l lenges o f  insulin  ( 10 u g / kg lw t ,  S i gma Ca t No . 5 500 , 2 6 . 4  
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I U / mg ) , glucagon ( 0 . 175  vg/kg lw t , S i gma C a t  No . G-4250 ) and 

a d r enal i n e  ( 1  vg/kg lwt , T ravenol Labo ra t o r i es , NZ . L t d . , Auckland , NZ )  

w e r e  adm i n i s t e re d  o n  days 2 0 ,  2 1  and 2 2 , respec t i vely . I ns u l i n  and 

g l u cagon were d i s so lved in s t e r i l e  phys i o lo g i cal sal i ne ( Na t i on a l  D a i ry 

As s o c i a t i on , Palme r s t on No r t h ,  New Zealan d )  con t a i n i ng 30 mg/ m l  bov i ne 

s e ru m  a l bumi n  ( S i gma , Ca t No . A-802 2 , Frac t i on V )  wh i le adrena l i n e  was 

d i s s o lved in s t e r i le s a l ine  and p r o t e c t ed f rom l i g h t  p r i o r  t o  

adm i n i s t ra t i on by e n c l os i ng vials  and sy r i nges  i n  alumi n i u m  f o i l .  Each  

o f  t h e  challenges was admi n i s t e red a t  1 000 , 1 200 or 1 400 h i n  3 

sub -groups o f  4 h e i fe r s  ( balanced f o r  B I  a n d  energy a l lowan c e ) t o  

f ac i l i t a t e  blood  s am p l i ng . Blood samples vre re c o l l e c ted a t  - 1 5 , - 1 0 , 

- 5 ,  2 . 5 ,  5 ,  7 . 5 , 1 0 ,  1 5 , 20 , 30 , 45 , and 60 m i nu t es f ro m  t h e  t i me  o f  

t h e  chal lenges ( t = O ) . B l ood ( 6  ml ) was c o l l e c t ed i n t o  c en t r i f uge t u b e s  

c o n t a i n i ng 1 0 0  u l  o f  35% ( w / v )  s od i um c i t ra t e  as the  an t i c oagul a n t  and 

was cen t r i fuged i mmed i a t e ly at 2500 g and 4 ° C .  The p lasma was then 

harve s t ed and s t o re d  f ro z en at -20° C un t i l  analys ed . 

A t  the  end o f  p e r i o d  I ,  the  he i f ers  were r e t u rned t o  graz i ng f o r  

1 0  d ays and o f f e r e d  pas t ur e  a d  l i b i t um .  They were then housed f o r  a 

s e c ond adj us tmen t p e r i od ( wi th  the level  o f  ene rgy i n t ake rever s e d  f o r  

e a c h  an i ma l ) ,  r ec annula t ed and subj e c t ed t o  t h e  s ame p r o cedures  a s  i n  

p e r i od I .  The f i r s t  cha l lenge given i n  p e r i od I I  was agai n  g l u c o s e  b u t  

t h e  sequence o f  o ther chal lenges was r ev e r s ed ( i . e .  adrenal i n e , 

g l ucagon then i nsul i n )  t o  m i n i m i s e  any b i as e s  due t o  o r d e r  o f  

c h a l l enge . 

3 .  Blood  analyses 

P lasma g l u c o s e  concen t ra t i on was d e t e rmined on  a Yel low S p r i ngs 

I n s t rumen t M od e l  Y-27 Indus t r i al Ana lys e r . P lasma non-es t e r i f i e d  f a t t y  

a c i d  ( NEFA ) c o n c en t ra t i on s  wer e  de t e rm i ned colou r i me t r i cally u s i ng NEFA 

a s s ay k i t s  ( �ako Pure Chem i cal Indus t r i e s L t d , J apan ) . The a s s ay was 

mod i f i ed as d e s c r i bed by M cCu t cheon and Bauman ( 1 98 6 ) . Urea  and 

c r e a t i n i ne w e r e  analysed  by 

( 1 9 6 5 ) and Chasson e t  a l . 

the  au t oanalyse r  me thods o f  Marsh e t  a l .  

( 1 9 6 1 ) ,  r e s pe c t i vely . I n t ra - and 

i n t e r- as say c o e f f i c i en t s  of var i a t i on for glucos e , ure a ,  c r ea t i ni ne and 

NEFA were 2 . 4  and 3 . 5 ,  1 . 3  and 0 . 4 ,  1 . 9  and 1 . 0 ,  and 2 . 6  and 3 . 8% 

r e s p e c t i vely . Double-an t i body rad i o i mmunoas s ay ( RIA)  me t ho d s  f o r  
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p lasma i n s u l i n  and g r ow t h  hormone (GH)  were as  d e s c r i bed  by F l ux e t  a l . 

( 1 9 84 ) . Bovine i ns u l i n  ( S igma Chem i cal  C o . No I-5500 , Lo t 

N o : SSF-05 3 6 , 2 3 . 4  I U/ mg ) was used  f o r  i o d i na t i o n  and as t h e  r e f e r e n c e  

s t andard i n  insu l i n  RIA . Bovine  GH , ( U SDA-bGH-I - 1 , Lo t No : A F P  6 500 , 

3 . 2  IU/mg ) and ( U SDA-bGH-B l ,  Lo t No : AFP-5200 , 1 . 9  IU/mg ) , were u s e d  

f o r  i od i na t i on and a s  r e f erence s t andards r e s pe c t ive ly i n  t h e  GH a s s ay . 

The i n t ra- and i n t e r-assay c oe f f i ci en t s  o f  v ar i a t i on f o r  i nsul i n  RIA 

were 8 . 2  and 1 2 . 4% ,  and for  GH RIA , 8 . 6  and 13 . 2 % ,  respe c t i v e l y . 

4 .  S t a t i s t i ca l  analys i s  

The mod e l  f o r  s t a t i s t i ca l  analys i s  was based o n  the  s pl i t - p l o t  

analys i s  o f  G i l l  and Haf s  ( 1 9 7 1 ) :  

Y .  . k 1 = U + L .  + S . + LS . . + H .  . k + Pk + LP . k + 1 J  1 J 1 )  1 )  1 
SPj k + LSPi j k + ei j k l 

whe r e  U = overal l  mean 

Y i j k 1 t h e  o b s e rved value 

Li e f fe c t  o f  t h e  i th selec t i on L i ne ( i = 1 , 2 )  

S .  e f f e c t o f  t h e  j t h Sequence ( j = l ,  2 )  J 
H i j k = be t ween-He i fe r  error  t erm 

P k = e f fe c t  of k t h  P er i od ( k= l , 2 )  

e i j k l  = wi t h in-he i f e r  error  t erm 

and whe re i n t er ac t i on s  a r e  as shown . Because of  the  s i ng l e  r ev e r s a l  

n a t u r e  o f  t h e  exp e r i men t , the  

e q u i val en t to  t h e  MER e f fec t ,  

s equenc e  x 

wh i le the  

i n t erac t i on t es t s the  l i ne x MER e f fe c t . 

per i od i n t e r a c t i o n  i s  

l i ne x sequence x p e r i o d  

Chal lenge and basal  d a t a  were analysed b y  apply i ng t h e  above mode l  

a t  each  s amp l i ng t im e . Where d i f ferences  e x i s t ed be tween t h e  t wo 

s e l ec t i on l ines  p r i o r  t o  cha l lenge ( i . e .  i n  bas e l i ne concen t r a t i on s ) ,  

da t a  were  c o r r e c t ed by sub t ra c t i ng the  mean p recha l l enge concen t ra t i on s  

o f  t h e  hormone o r  me t abol i t e f r o m  obse rved c o ncen t ra t i ons  a t  e a ch o f  

t h e  p o s t -chall enge s amples . A corres pond i ng c o r re c t i o n  was used  f o r  

t h e  d i urnal p lasma h o r mone/me t abo l i t e  concen t ra t i ons  u s i ng t h e  f i r s t  

s ampl e  a s  an a p p rox i ma t i on o f  t he bas e l i n e  value . Analys i s  was t h en 
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p e r f o rmed a s  d e s c r i bed above o n  basel i ne-correc t e d  d a t a .  The analy s e s  

w e r e  per f ormed u s i ng the s ta t i s t i cal package ' REG ' ( G i lmour 1 9 85 ) . 

Ill . RESULTS 

1 .  Body weigh t change s : The l i ve we i gh t change o f  t he h e i f e r s  

o v e r  the expe r i men t al p e r i ods  was no t a f f ec t ed b y  s elec t i on l i n e . The 

e f fe c t  of  energy a l l owance on l ive we i gh t  change was s i gn i f i can t 

( P <0 . 00 1 ) ,  w i t h  he i fe r s  o f fered 1 2 5% MER g a i n i ng 4 . 2  � 1 . 7  ( S . E . ) kg 

and h e i f e r s  o f fe red 75% MER los i ng 1 0 . 2 + 1 . 1  kg body we i gh t .  

2 .  Basal hormone and metabo l i t e  concen t ra t i on s : Di urnal changes 

in  p lasma concen t ra t i o n s  of  h o rmones and me t abo l i t e s  f o r  each o f  t h e  

f o u r  l i ne x MER groups are  shown i n  F i gures 3 . 1 - 3 . 4 .  

Glu c o s e  concen t ra t i on fell i n  all  an i mals  f o r  the 

hours  a f t er feed i ng and then inc reased s t ead i ly ,  

concen t ra t i ons a f t e r  9 t o  1 5  hours ( F igure 3 . 1 ) .  

f i rs t  1 t o  2 

reac h i ng peak 

There were no 

a p p aren t d i f ferences b e t ween t he selec t i on l i nes i n  g l u c o s e  

c on c en t r a t i on and e f fe c t s  o f  energy allowance we re o n l y  o c c a s i onally  

s i gn i f i can t . Glucose data  were  fur ther  analysed by sub t ra c t ing the  

f i rs t  o b s e rva t i on f rom t he subsequen t values to  t e s t  t he t rea t me n t  

e f f e c t  o n  plasma gluc o s e  c oncen t ra t i ons  r e la t i ve t o  those wh i ch ex i s t ed 

a t  the t i me o f  feed i ng .  The resul t s  showed a grea t e r  ( P<0 . 05 )  

i nc reme n t  o f  plasma glucose  concen t ra t i on i n  the  HBI h e i f e r s  t han i n  

t he LBI h e i fers f ro m  7 t o  9 hours a f t e r  f eed i ng . The g l u c o s e  

concen t ra t i o n  increme n t  was a l s o  grea t e r  ( P<O . OS )  i n  the h e i f e r s  f e d  

7 5% MER t han i n  t h o s e  fed 1 2 5% MER a t  i n t ervals f r o m  3 t o  1 5  h o u r s  

a f t e r  feed i ng ( F igure 3 . 1 ) .  

Plasma i nsul i n  concen t ra t i on was grea t e r  ( P<0 . 05 )  i n  LBI than i n  

HBI h e i fers  a t  2 ,  4 and 7 hours a f t e r  feeding ( Figure 3 . 2 ) . 

Therea f t e r , t he s e le c t i on l i n e  d i f ference be came nons i gn i f i can t b u t  

t here was a s i gn i f i can t l i ne x allowan c e  i n t e rac t i on ( P <O . OS )  o n  

o ccas i on s  during t h e  i n t erval 6 t o  2 1  h pos t feed i ng .  T hi s  w a s  ma i nly 

due to  t he h i gh i ns u l i n  level s  in  t he LBI  h e i f e r s  o f f e r ed t h e  1 25 %  MER . 

Allowanc e  exe r t ed a s igni f i c an t  e f f ec t  on  i ns u l i n  concen t ra t i on f ro m  6 

t o  1 0  and f rom 1 3  t o  2 2  hour s  a f t e r  feed i ng , w i t h  an i ma l s  f e d  a t  1 25 %  
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and c o r rec ted f o r  pre- f eed ing glucose concen t ra t i o n  ( lowe r panel ) 

i n  6 h i gh b reed i ng i ndex ( s quare ) and 6 l ow breed i ng index 

( c i rc l e ) he i fers o f fered  75% ( b roken l i ne ) ) and 1 25% ( s o l i d  l i ne ) 

main t enance ene rgy requi remen t .  Hei fers we re o f fered hay a t  t i me 

0 ( 1 600h ) . ( L=sele c t i on l i ne e f fe c t ,  A=al lowance e f fec t , LA= l i n e  

x allowance i n t e rac t i on . PSE=pooled s t andard e r r o r  o f  t h e  mean . 

*=P<0 . 05 ,  a=P<0 . 01 )  
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Figure 3 . 2  Basal p lasma concen t ra t i on s  o f  insul i n  ( up p e r  pane l )  and 

NEFA ( l owe r panel ) in 6 h i gh b reed i ng i ndex ( square ) and 6 l ow 

b reed i ng i ndex ( c i r c l e )  h e i fers  o f f ered 75% ( b roken l i ne )  and 1 2 5% 

( s o l i d  l i ne )  mai n t enan ce ene rgy r equi remen t .  H e i fers  we re o f fered 

hay a t  t i me 0 ( 1 600h ) . ( L= s elec t i on l i ne e f f e c t , A=allowance 

e f fec t , LA=l i ne x allowance i n t e rac t i on . 

e r r o r  o f  the mean . *=P<0 . 05 ,  a= P <O . O l )  
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MER havi ng h igher  insul i n  levels ( P<O . OS )  than t h o s e  fed  7 5 %  MER . 

The d i urnal p a t t e rn o f  p lasma NEFA c oncen t ra t i on was t h e  rever s e  

o f  t h a t  f o r  glucose ( F i gure  3 . 2 ) . NEFA concen t ra t i on s  w e r e  h i gh 

i mmed i a t ely a f t er f e e d i ng but  d e c l i ned therea f t e r . S i gn i f i can t ly 

h i gher  NEFA levels were  observed i n  t he h e i f e r s  fed 75% MER t han i n  

h e i f e r s  fed 1 2 5% MER i mmed i a t ely b e f o r e  f e ed i ng ( i . e . a t  t i me z e r o ) 

and dur i ng t h e  per i od 1 9  t o  2 3  hours a f t e r  f e ed i ng ( P<O . OS ) . No  

e f fe c t s  of  s e l e c t i on l i ne  on NEFA concen t ra t i on s  were obs erved . 

Feed i ng resul t ed i n  a marked change i n  plasma u rea concen t ra t i on s  

w i th  the peak o c cu r r i ng 4 t o  7 hours a f t e r  f ee d i ng and a nad i r  be tween 

1 6  and 2 0  hours . Plasma urea concen t ra t i ons wer e  rela t i ve ly h i ghe r  i n  

t h e  HBI h e i f e r s  t han i n  t h e  LBI h e i f e r s  du r i ng the  f i r s t  5 h o u r s  a f t e r  

feed i ng ,  and t h i s  d i f fe rence was s i gn i f i can t ( P <O . OS )  from 1 t o  2 h o u r s  

a f t e r  feed i ng when t h e  d a t a  were c o r re c t e d  by sub t ra c t i ng t he 

concen t ra t i on a t  z e r o  t ime . As t h e  an i ma l s  en t e red a p o s t ab s or p t i v e  

s t a t e , t h e  urea concen t r a t i o n  d e c reased more  rap i d ly i n  t h e  HBI 

h e i f e r s . A s  a resu l t , t h e  HBI he i fers  had a s i gn i f i can t ly lower 

( P<0 . 05 )  p l as ma urea leve l , rela t i ve to tha t a t  feeding , from 1 1  h o u r s  

a f t e r  f e ed i ng t i l l  the  e n d  o f  samp l i ng ( F igure 3 . 3 ) .  Plasma urea  was 

a l s o  s i gn i f i can t ly h i gher  i n  t h e  h e i fe rs fed 1 2 5% MER compared w i t h  

t h o s e  f e d  75%  MER f rom the  s t a r t  o f  samp l i ng un t i l  1 7  hours  a f t er 

feed i ng ( P <O . OS ) . However , t h i s  was p r i ma r i ly due t o  t h e  d i f fe r e n c e  

wh i ch a l r e ady ex i s t e d  a t  the  t i me o f  f eed i ng . Rela t i ve t o  t h i s  i n i t i al 

leve l , h e i f e r s  o n  7 5% MER had grea t e r  plas ma urea concen t ra t i on s  f rom 

16  to  2 3  h o u r s  a f t e r  feed i ng ( F igure 3 . 3 ) c o i nc i den t w i t h  t he i r  g r e a t e r  

NEFA leve l s . 

P l a s ma c rea t i n i ne i ncreased subs tan t i al ly i n  the 75% MER h e i f e r s  

f o l l ow i ng f e ed i ng ( F i gure 3 . 4 ) . There  was n o  s elec t i on l i n e  e f f e c t o n  

p lasma c re a t i n i n e  over t h e  2 4  hour per i od and no l i ne  x a l l owanc e  

i n t er a c t i on even t hough HBI h e i fe r s  fed a t  1 25% MER showed c ons i s t en t ly 

l ow c r e a t i n i ne level s . He i fe r s  fed 7 5% MER gene rally m a i n t a i ne d  h i gh e r  

c r ea t i n i ne concen t r a t i on s  t han t h o s e  i n  t h e  1 25% MER g roup b u t  t h e  

d i f fe r e n c e  was s i gni f i can t ( P <O . OS )  only dur i ng t h e  f i r s t  7 h o u r s  a f t e r  

feed i ng and from 1 5  t o  2 3  h r  a f t e r  f eed i ng .  



<{ w 0:: 
::J 
<{ 
:E 
Vl 
<{ _J Q.. 

<{ w 0:: 
::J 
<{ 
:E 
Vl 
<{ _J Q.. 

9 . 0----------------------, 

8 . 5  

8 . 0  

7 . 5  

7 . 0  

6 . 5  

6 . 0  

5 . 5  

5 . 0  

4 . 5  

4.0 

.2 . 2  . 2  . 3  .3 .434 .43 .4 .a .� .2 .33 .22 .2 

.-- - - - - - - - - - * - - - - - - - - - - - - - - - -· 
* * * * A 

0 1 2 3 4 5 6  7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 20 2 1 22 23 

4. 0----------------------------------------------� 
3 . 5  

3 . 0  

2.5 

2 . 0  

1 . 5 

1 . 0 

. 5  

0 . 0  

- . 5  

- 1 . 0 

- 1 . 5 

- 2 . 0  

- 2 . 5  
. 1  PSfl2 . 2  . 2  . 2  . 3  . 3  . 3  .4 . 3  .4 .3.4 .4 . 2 4  . 2  . 3. 3  . 3  . 1- . 3  

L * * 
A 
LA 

0 1 2 3 4 5 6 7 8 9 

T I M E  ( H O U R )  

5 5  

Figure 3 . 3  Bas al plasma concen t ra t i ons o f  urea unco r r e c t e d  ( up p e r  

panel ) and corrected f o r  p re- feed i ng urea concen t ra t i on ( lower 

panel ) in 6 h igh breed i ng i ndex ( s quare ) and 6 l ow b r eed i ng i ndex 

( c i rc l e )  h e i fers  of fered 75% ( broken l ine ) and 1 25% ( so l i d  l i ne ) 

mai n t enance ene rgy requi remen t .  Hei fers  were o f fered  hay a t  t i me 
0 ( 1 6 00h ) . ( L= s elec t i on l i ne e f fec t ,  A=allowance e f fe c t , LA= l i ne 

x a l l owance i n t e rac t ion . PSE=pooled s t andard e r r o r  o f  t h e  mean . 

* = P <O . OS ,  a=P<O . O l )  
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Figure 3 . 4  Basal plasma concen t ra t i ons o f  c r ea t in ine ( u p p e r  pane l )  and 

GH ( lower panel ) in 6 h igh b reed i ng index ( squa r e )  and 6 l ow 

b reed i ng i ndex ( c i rc l e )  h e i fers  o f fered 7 5% ( broken l i n e )  and 1 25% 

( s o l i d  l i n e )  ma i n t enance energy requi r emen t .  Hei f e r s  w e r e  o f f e red 

hay at t i me 0 ( 1 600h ) . ( L= s el e c t i o n  l i ne e f fe c t , A=al lowance 

e f f ec t , LA= l i n e  x al lowance i n terac t i on .  

e r r o r  o f  the mean . *=P<0 . 05 ,  a=P<O . O l )  
PSE=pooled s t andard 
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The re was no e f fe c t o f  s e l e c t i on l i ne o r  allowance on  p l as m a  G H  

c o n c en t ra t i on s  ( F i gu r e  3 . 4 ) . 

3 .  Challenges 

M e t ab ol i c  r e s ponses  to t h e  i n t ravenous admi n i s t ra t i o n  of glucos e ,  

i n s u l i n ,  g lucagon and adrenal i ne f o r  each o f  t h e  four exp e r i men t al 

groups  a r e  shown i n  F i gures  3 . 5-3 . 8 . 

1 )  Glucose Challenge : 

G luco s e : A p eak plasma glucose concen t r a t i on o f  abou t 300 mg/ d l  

was achi eved i n  a l l  he i f e r s  2 m i nu t e s  a f t e r  glu c o s e  i nfus i on ( F i gu r e  

3 . 5 ) . Glucose concen t ra t i on t hen decl i ned r a p i dly during the  f o l l ow i ng 

60 m i n u t e s  bu t i t  was no t n o t  un t i l  1 20 m i nu t es a f t e r  chal lenge t h a t  

b a s a l  concen t ra t i on s  were reach ed . There  w a s  no  s igni f i can t e f f e c t  o f  

s e l ec t i on l i n e  o n  plas ma glucose dur i ng t h e  challenge bu t t h e  e f f e c t o f  

a l l owanc e  was s i gn i f i can t ( P <0 . 05 )  f ro m  6 t o  1 0 ,  and f r o m  1 9  t o  1 2 2 

m i nu t e s  a f t e r  chal l enge , w i t h  the 75% MER group ma i n t a i n ing a h i gh e r  

level  o f  blood g l u c o s e . 

There was an i mmed i a t e  e l eva t i on o f  p l asma i nsul i n  i n  a l l  t h e  

h e i f e r s  f o llowing t h e  glu c o s e  chall enge . LBI he i f e r s  appeared t o  have 

a g r e a t e r  insu l i n  r e sponse t han HBI h e i f e r s , bu t t h e  d i f f e r en c e  was 

s i gn i f i cant  ( P<O . OS )  only at  42  m i nu t e s  a f t er chal l eng e . H e i fe r s  fed 

at  1 2 5% MER s h owed a h ighe r  level of  i n su l i n  than h e i fers fed  at  7 5% 

MER ( P<O . OS )  f r o m  2 t o  6 ,  1 9  to 2 7  and a t  8 2  m i n u t e s  f o l lowi n g  t h e  

cha l l enge . 

2 )  Insul i n  challenge 

Adm i n i s t ra t i on o f  insul i n  resul t e d  in a s t eady dec l i ne in p la s ma 

g l u c o s e  c oncen t ra t i on s  i n  a l l  g roups o f  h e i f e r s  ( F igure 3 . 6 ) . T h i s  

t rend was s u s t a i ned un t i l  the end o f  s ampl i ng a t  60 m i nu t es 

p os t - chal lenge . No s i gn i f i cant  d i f fe re n c e s  due t o  s e l e c t i on l i n e  o r  

a l l owanc e  were f ound . Howeve r , whe n  c o r r e c t ed for  pre-chal l enge 

value s , plasma glucose concen t ra t i on s  were  s ign i f i can t ly lower i n  

h e i f e r s  fed 1 2 5% MER than i n  hei fers  fed 7 5% MER a t  2 . 5  and 5 m i nu t e s  
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Figure  3 . 5  Plasma concen t ra t i o n s  o f  glucos e  ( upper panel ) and i n s u l i n  

( lover pan e l )  i n  response t o  gluco s e  chal lenge ( 0 . 3  g/kg lv t )  i n  6 

h i gh b reed i ng i ndex ( s quare ) and 6 low b reed i ng i ndex ( c i rc l e )  

h e i fers o f f e r ed 7 5% ( b roken l i n e )  

mai n t enance energy requi remen t . 

and 1 25% 

( L=sele c t i on 

( s o l i d  

l i ne 

l i n e )  

e f fe c t ,  

A=al lowance e f f e c t ,  LA= l i ne x al lovan ce i n t erac t i on . 

s t andard e r r o r  o f  the mean . *=P<O . OS ,  a=P<O . Ol )  

PSE=poo led 
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F i gure 3 . 6  Plasma concen t rat i ons of glucose ( u pper pane l )  and NEFA 

( lowe r pane l )  in response t o  insul i n  chall enge ( 10 �g/kg lw t )  

admi n i s t e red a t  t i me 0 i n  6 h i gh breed i ng i ndex ( s quare ) and 6 low  

b reed ing i ndex ( c i rcle)  hei fers  o f fered 75% ( b roken l i ne )  and 1 25% 

( so l i d  line)  ma i n t enance ene rgy requ i remen t .  ( L=selec t i on l i n e  

e f f ec t , A=allowance e f fe c t , LA=l ine x al lowance i n t e r ac t i on . 

PSE= poo led s t andard e rror  o f  the mean . *=P<0 . 05 ,  a=P<0 . 0 1 )  
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a f t er challenge ( P <0 . 05 ) . 

There  was a b i phas i c  response o f  plasma NEFA concen t ra t i on t o  

i nsul i n  challenge ( Fi gure 3 . 6 ) .  The f i rs t  m i n o r  i ncrease  i n  p l asma 

NEFA o c cu r r ed s oon a f t e r i nsu l i n  i n fus i on and was f o l l owed by a 

t rans i en t  d e c l i n e  i n  plasma NEFA . The maj o r  i n c rease i n  p lasma NEFA 

occurred  45 m i nu t e s  a f t er insu l i n  i nj ec t i o n . No d i f ferences  due t o  

selec t i o n  l i ne wer e  observed . The d i f f e rence be tween the t wo a l l owan c e  

g roups was s i gn i f i can t be f o re and f o l l ow i ng the  i nsul i n  challenge , w i t h  

the h e i f e rs f e d  a t  75% MER mai n t a i n i ng h i gher p lasma NEFA 

concen t r a t i ons ( P<0 . 01 ) .  The po s t -chal lenge d i f ference was due t o  t h e  

carry - ov e r  f r o m  pre-challenge d i f f e r ences as i nd i ca t ed by 

nons i gn i f i c an t  a l lowance e f f e c ts  in bas e l i ne-corre c ted d a t a . 

3 )  Glucagon challenge 

The g lucagon chal lenge resu l t ed in a rap id e leva t i on o f  plasma 

glucos e  concen t ra t i on s  i n  the  h e i fers  f rom abou t 8 0  mg/d l  to abou t 1 05 

mg/ d l  ( F i gure 3 . 7 ) .  Glucose  t hen d e c l i ned and regai ned the 

pre-chal lenge concen t r a t i ons a t  abo u t  45 m i nu t e s  a f t e r  t he chal lenge 

( F i gu r e  3 . 7 ) .  There were no d i f f e rences  due to selec t i on l i n e . Basal 

gluco s e  was h igher ( P<0 . 05 )  in  t he he i f e r s  fed 1 2 5% MER t h an i n  h e i f e r s  

f e d  7 5% MER p r i o r  t o  glu cagon chall enge ( 80 . 5  vs . 7 6 . 5  mg/ d l ) .  

Howev e r , the  s i t u a t i on reve rsed  fol l ow i ng the chal lenge and t h e  

basel i ne - c orrec t ed d a t a  showed t h a t  the  e l eva t i on i n  plasma glucose  was 

s i gn i f i can t ly g r e a t e r  i n  the 75% MER than in 1 25% MER group  f o l low i ng 

glucagon c hallenge ( P<0 . 05 ) . 

T h e r e  was 

response  t o  

a small 

g l ucagon 

i ncrea s e  

i nj e c t i on 

i n  p l asma NEFA 

( F i gure 3 . 7 ) .  

concen t ra t i on i n  

No s i gn i f i can t 

d i f f e rences  were f ound be tween HBI  and LBI he i f e r s  i n  plasma NEFA 

concen t r a t i o n  b e f o r e  or a f t e r  the challenge . He i fe r s  fed  75% MER 

showed s i gni f i can t ly ( P<0 . 05 )  h i gher  NEFA concen t ra t i ons f o l lowi ng t he 

challenge t han t ho s e  fed 1 25% MER f rom 2 . 5  t o  20 m i n u t e s  a f t e r  t h e  

i nj ec t i o n .  However ,  t h i s  d i f ference was nons i gn i f i can t a f t e r  

adj us t me n t  for  p re -challenge values . 
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Figu r e  3 . 7  Plasma concen t ra t i ons o f  glucose ( upper pan e l )  and NEFA 

( lower pane l )  i n  res pons e t o  glucagon challenge ( 0 . 1 7 5  �g/kg lw t )  

adm i n i s t ered a t  t i me 0 i n  6 h i gh breed i ng i ndex ( squar e )  and 6 low 

b reed i ng i ndex ( c i rcle ) h e i f e rs o f f e red 7 5% ( b roken l i ne )  and 1 25% 

( s o l i d  l i ne ) ma i n t enance ene rgy requi remen t .  ( L= s e le c t i on l i ne 

e f fe c t ,  A=allowan ce e f f ec t , LA= l i ne x al lowance i n t e rac t i on . 

P SE= poo led s t andard e r r o r  o f  the mean . *=P<0 . 05 ,  a=P<0 . 0 1 )  

' ... . 



62  

4)  Ad renal i n e  challenge :  

P lasma glucose  increas ed i n  a l l  he i fers i n  response  t o  adrena l i ne 

i nj e c t i o n  ( F i gure 3 . 8 ) . The glucose concen t ra t i on p r i o r  t o  and a f t er 

the  c h a l lenge was s l i gh t ly lower i n  HBI hei fers t han i n  LBI h e i f e r s  and 

tha t d i f ference was s i gn i f i can t ( P <0 . 05 )  a t  2 . 5  m i ns when d a t a  were 

c o r r e c t ed for pre-chal l enge l evels . Hei fers fed 7 5% MER gene r a l ly 

mai n t a i ned l owe r pre-cha l lenge but  h i gher pos t -challenge p lasma glucose  

concen t ra t i ons  t han h e i f e r s  f ed 1 25% MER and  the  pos t - chal l enge 

d i f f e rence was s i gni f i can t ( P <0 . 05 )  a t  7 . 5 and from 1 5  to 30 m i nu t es 

( a f t e r bas e l i ne correc t i on ) . 

P lasma NEFA was s i gni f i can t ly h i gher i n  HBI t han i n  LBI h e i f e rs a t  

- 1 0 , 2 . 5 ,  and 7 . 5  m i n  f rom adrenal i ne cha l lenge , b u t  t h e  d i f f e rence 

obs e rved  i n  the  pos t - chal lenge samples become non- s i gn i f i can t a f t e r  

bas e l i n e  correc t i on . Bas a l  NEFA was s i gni f i can t ly h ighe r ( P <0 . 05 )  i n  

7 5 %  MER t han i n  1 25% MER h e i f e r s  and t h e  d i f f erence  was f u r t he r  

enhanced ( P <0 . 0 1 )  fol low i ng t h e  ad renal i ne i nj ec t i on .  The analys i s  

us i ng b as e l i ne-corre c t ed d a t a  showed a s i gn i f i can t l i n e  x a l lowance 

i n t e rac t i on from 7 . 5  t o  45 m i n u t es a f t e r  adrena l i ne i nj e c t i on ( P <0 . 05 ) , 

w i t h  .HBI he i f e r s  fed 75% MER exhi b i t ing a grea t e r  NEFA res ponse t han 

the o t her  group s . 
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F i gure 3 . 8  P lasma concen t ra t i ons o f  glucose ( upper pan e l )  and NEFA 

( l ower pan e l )  i n  res ponse t o  adrenal ine  challenge ( 1  �g/kg lw t )  

adm i n i s t ered a t  t i me 0 i n  6 h i gh b reeding index ( square ) and 6 l ow 

b reed i ng i ndex ( c i rc l e ) h e i fers o f fered 75% ( broken l i n e )  and 1 2 5 %  

( s ol i d  l i n e )  ma i n t en an c e  ene rgy requi remen t .  ( L= s e l e c t i on l i ne 

e f fec t , A=allowance  e f f ect , LA=l ine x allowance i n t erac t i on . 

PSE=pooled s t andard e r r o r  of  the  mean . *=P<0 . 05 ,  a=P<0 . 0 1 )  
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IV . DISCUSSION 

The o bj e c t i ve o f  t h i s  exper i men t was t o  a s s e s s  t he e f f e c t  o f  

e n ergy balance o n  the  d i u rnal var i a t i on i n  p lasma concen t ra t i ons o f  

me t abol i t e s  and hormones ,  and on the i r  r e s p o n s e s  t o  me t ab o l i c  

chal lenge s , w i th  spec i f i c  r e ference t o  poss i bl e  d i f f e rences  b e t we en t h e  

H B I  and LBI he i fers . Cons iderable d i urnal var i a t i on was obse rved i n  

m o s t o f  t h e  blood me t ab o l i t e s  ( F i gures 3 . 1 - 3 . 4 ) wh i ch should b e  t aken 

i n t o  a c c oun t when i n t e rp r e t i ng blood me tabol i t e  p ro f i les  in h e i f e r s . 

T h e  general pa t t e rn o f  d i urnal var i a t i o n  and t h e  responses t o  t h e  

m e t abol i c  chal lenges were ,  h oweve r ,  con s i s t e n t  w i t h  prev i ous r e po r t s  i n  

t h e  l i t e r a tu r e  ( Vas i la t o s  and Wangsne s s  1 9 8 1 ; Van Soes t 1 98 2 ; F lux e t  

a l . 1 98 4 ; B r i dges e t  a l . 1 9 8 7 ; Mackenz i e  e t  a l . 1 98 8 ) .  

Ene rgy a llowances were chosen t o  p roduc e  marked d i f ferences i n  

m e t abo l i c  s t a t e . I n  t h i s  respe c t  t hey we r e  s u c cess ful . Re l a t i v e  t o  

t h o s e  f e d  1 25% MER , h e i f e r s  fed 7 5% MER had l ower  b asal concen t ra t i on s  

o f  i nsul i n  ( Fi gure 3 . 2 )  and urea ( Fi gure 3 . 3 ) bu t h i gher concen t ra t i on s  

o f  NEFA ( F i gure 3 . 2 )  a n d  c rea t i n i ne ( F igure 3 . 4 ) . Th i s  i s  cons i s t e n t  

w i t h  t h e  7 5% MER group h av i ng depressed i n su l i n  secre t i on , reduced 

e n t ry of  urea from t h e  gu t ,  and al t ered basal l i polys i s  and 

p r o t e o lys i s . Fol low i ng the glucose cha l lenge , t here  was redu c e d  

r e le a s e  o f  i nsulin  i n t o  blood i n  the  7 5% MER g r oup ( F i gure  3 . 5 ) , a n  

e f fe c t  wh i ch would h a v e  b e en a t  leas t par t ly r espons i b le f o r  t h e  

r e d u c e d  r a t e  o f  gluc o s e  c learan c e  f rom  t h e  c i r c u lat i on .  H e i fers  f e d  

7 5% MER a l s o  appeared t o  b e  less sens i t i ve t o  t he glucose-clea r i n g  

e f f e c t s  o f  i nsul i n , as i n d i c a t ed b y  the i r  h i gh e r  glucose concen t ra t i on s  

f o l l ow i ng t h e  i nsul i n  c ha l lenge ( F i gure 3 . 6 ) . 

H e i f e r s  fed 75% MER a l s o  exh i b i t ed d i f f eren t responses from  t h o s e  

f e d  1 2 5% MER i n  glycogen o ly t i c  and l i poly t i c  r e s ponses t o  t h e  glucagon 

and adrena l i ne challenges ( Fi gures  3 . 7  and 3 . 8 ) .  The e leva t i on i n  

p lasma glucose  ( base l i n e - correc t ed ) was grea t e r  i n  75%  MER he i fe r s  

a f t e r  t h e  challenges , p r e sumably r e f l e c t i ng gre a t e r  glycogen b reakdown . 

H owever ,  whereas the  adrenaline challenge resul t ed i n  s i gn i f i can t ly 

g r ea t e r  NEFA concen t ra t i on s  i n  t he 7 5% MER h e i f e rs , t h e  s ame was n o t  

t ru e  f o r  t h e  glucagon c ha l l enge ( baseline-corre c t ed ) .  
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Des p i t e  t h e  fact  t h a t  t h e  s e le c t i on l i n e s  were  compared a t  

d i f f e r i ng e n ergy balanc e s  there  we r e  no apparen t d i f ferences i n  basal 

p l as ma concen t ra t ions o f  GH , NEFA o r  crea t i n i n e  be tween LBI and HBI  

h e i f ers . The grea t e r  p l asma glu c o s e  concen t ra t i on ( base l i n e  c o r re c t ed , 

P<O . OS )  i n  the HBI h e i f e r s  than i n  the LBI h e i fe r s  a f t e r  f e e d i ng was 

s u s t a i n ed only b r i e f ly f rom 7 t o  9 hours a f t e r f e e d i ng when maxi mum 

f e rm en t a t i on f r om hay would be  expe c t ed t o  o ccur in  t h e  rumen ( Van 

S o e s t 1 9 8 2 ) . This  d i f f e rence i n  glucose concen t ra t i on b e tween t h e  HBI  

and LBI  h e i f e r s  may have r e fl e c t ed e i ther  a more r ap i d  en t ry o f  

g luconeoge n i c  p roduc t s  f r o m  t h e  a l i men t a ry t rac t or a reduced basal 

glucose u t i l i sa t i on by the p e r i pheral t i s s u e s  in t h e  HBI g r o u p . 

G re a t e r  basal plasma glucose  c on c en t ra t i ons  were  also  observed i n  

m i lk-fed calves ( Xing e t  a l . 1 98 8 )  and lac t a t i ng cows ( Flux e t  al . 

1 9 8 4 ) o f  h i gh gene t i c  mer i t  i n  compari son wi t h  an imals o f  l ow gene t i c 

m e r i t .  

P l asma insulin  concen t ra t i on t ended t o  be h i gh e r  i n  LBI h e i f e r s  

i mmed i a t e ly a f t e r  f e e d i ng ,  and the l i ne x MER i n t erac t i on was 

s i gn i f i can t at i n t erva l s  during t h e  pos t prand i al per i o d , p r i ma r i ly 

b e c aus e t h e  LBI group  o f f e red 1 25% MER mai n t a i ned high e r  i n s u l i n  t han 

t h e  o th e r  groups . The s e  resul t s  are in c on t ras t w i th ear l i e r  s tu d i e s  

i n  wh i ch h i gh e r  basal p lasma i nsulin  levels  were obs erved i n  HBI  

m i lkfed calves ( Xing e t  a l . 1 98 8 ) and lac t a t i ng cows ( Flux e t  a l . 

1 98 4 )  t han i n  the r e s p e c t i ve LBI groups . 

Rela t i ve t o  t h e  l ev e l s  a t  t h e  t i me  o f  feed i ng , the  increases  i n  

p l asma u r e a  concen t ra t i on were s ign i f i can t ly g r ea t er i n  t h e  H B I  h e i f e r s  

t h an i n  t h e  LBI he i fe r s  i n  t h e  f i r s t  f e w  hours i mmed i a t e ly a f t e r  

f e e d i ng ( F i gu r e  3 . 3 ) . P la sma urea concen t ra t i on t hen d e c l i ned more  

r a p i d ly i n  t h e  HBI  h e i fers  a f t e r  peak concen t ra t ions we r e  a t t a i ne d  ( 5  

hours  a f t e r  feed ing ) . G r e a t e r  plasma urea  c on c en t ra t i ons f o l l ow i ng 

f e e d i ng have also  been  repor t ed i n  lac t a t i ng c ows ( Barnes e t  al . 1 9 8 5 ) 

and fas t ed bull calves  ( Mackenz i e  e t  al . 1 9 8 8 ) o f  high gene t i c  me r i t .  

Conver s el y , l ower p la s ma u rea concen t rat i ons i n  calves o f  h i gh gene t i c  

me r i t  were  repor t ed ( T i lakara t n e  e t  al . 1 9 8 0 ; Sej r s en e t  a l . 1 9 8 4 ; 

S i nne t t - Smi t h  e t  a l . 1 9 8 7 ) .  I n  t he la t t e r  case , howeve r ,  t h e  u r e a  

d i f fe re n c e s  w e r e  d e t e c t ed only whe n  t h e  calves w e r e  fas t e d  f o r  a p e r i od 

bu t n o t  dur i ng a d  l i b  fee d i ng ( T i laka r a t n e  e t  al . 1 980 ) . The 



6 6  

mechan i s m s  respons i bl e  f o r  t h e  observed pa t t e rns o f  p lasma u r e a  

concen t ra t i o n  a r e  y e t t o  b e  e l u c i d a t ed . O n e  poss i b i l i ty i s  tha t 

d i f ferences  e x i s t  i n  t h e  d iges t iv e  func t i on b e tween the  t wo l i nes i . e .  

t ha t  d i e t ary n i t rogen was absorbed more q u i c kly by t h e  HBI he i fe r s  

a f t e r  f e e d i ng ,  and t h e  l ower p lasma urea l eve l s  i n  the  pos t prand i a l  

p e r i od were  due t o  t h e  rela t i ve ly more emp t i ed rumen . A l t erna t i ve l y , 

more  u r e a  may have b e e n  r e cy c l e d  back t o  t h e  rumen dur i ng t h e  

p o s t prand i a l  per i o d  i n  thi s group . Ano t h e r  pos s i bi l i ty i s  t h a t  

d i f f e r e n c e s  i n  urea d i s t r i bu t i on s pace exi s t ed  be t ween t h e  H B I  and LBI  

g roups , w i th  LBI  h e i f e r s  mai n t a i n i ng a g r ea t er urea space rela t i v e  t o  

t h e  HBI h e i fe r s . Thus , t he h i gher  plasma urea  level i n  t he HBI group  

a t  the  t i me o f  feed i ng may have  been due  t o  i t s d i s t r i bu t i on i n t o  a 

r e l a t i ve ly smaller s pa c e . A smaller urea s pace would also  have 

f avoured t h e  more r a p i d  d i sappearence o f  urea i n  t h e  pos t prand i a l  

p e r i od s i nc e  a gre a t e r  p r o po r t i on o f  the space  would b e  c leared b y  t h e  

k i dney p e r  un i t  t i me . 

No  d i f f e r ences  were  obse rved be tween the  HBI  and LBI h e i f e r s  i n  

plasma g l u c o s e  clearance following i n sul i n  o r  glucose  challenges , o r  i n  

r e l ease o f  pancrea t i c  i nsul i n  i n  response t o  e xogenous glucose . Thus 

the resu l t s  d emons t ra t e  that the  pancrea t i c  B - c e l l  sens i t i v i ty to a cu t e  

s t i mul a t i on w i t h gluco s e  and t h e  response o f  p e r i pheral t i ssues  t o  

endogenous  i nsul i n  were  apparen t ly s i m i l a r  f o r  t h e  two l i nes unde r  t h e  

presen t expe r i men t a l  c o nd i t i ons . An ear l i e r  r e p o r t  showed t h a t  i ns u l i n  

r e s po n s e  t o  a rg i n i n e  challenge was grea t e r  i n  m i lkfed HBI calves ( Xi ng 

e t  al . 1 98 8 ) .  I t  may be tha t arginine  i s  a more e f fe c t i ve s t i mu l u s  

t han glucose  for  h ighl i gh t i ng d i f fe rences i n  panc rea t i c  s ens i t i v i ty 

b e tween t h e  two l i n e s  o f  hei fe r s . I t  may be  e qually p o s s i ble  tha t t h e  

dose  o f  i nsul i n  used i n  t h i s  s tudy was t oo h i gh and evoked max i mum 

p e r i ph e r a l  t i ssue r e s pon ses , rather  than a phy s i ol og i cal r e s p on s e , t o  

i nsul i n . Ano ther pos s i b i li ty  i s  that  the  pancrea t i c  r e s ponses  t o  

glucose  and glucoregula t ory e f f e c t  o f  i n su l i n  i n  t h e  ani ma l s  w e r e  

a f fe c t ed b y  phys i o logi ca l  s t a t e . F o r  examp l e , the s t age o f  t h e  

o e s t ro u s  cyc l e ,  wh i ch was n o t  con t ro l l ed i n  the h e i fers  u s e d  i n  t h e  

p resen t s t udy , c a n  a f fe c t  gluc o s e  and i ns u l i n  me t abo l i sm i n  c a t t le 

( McCann and Reimers  1 986 ) . 

S e l e c t i on l i ne d i d  n o t  i n f luence the  glycogenoly t i c  response o f  
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t h e  h e i fers  t o  a d renal ine o r  glucagon challenges . However , HBI c a lv e s  

o f f e r e d  7 5 %  MER had grea t e r  l i poly t i c  res pons e s , as  measured by NEFA 

concen t ra t i on in t he p lasma , t o  adrena l i ne than t he o t her t hree groups . 

Thi s  lends fur t h e r  suppor t t o  the no t i on t h a t  h i gh genet i c  mer i t  c a t t le 

have a n  ab i l i ty t o  mob i l i s e  more body ene rgy r eserves a t  t i mes  o f  

var i o u s  nu t r i t i onal  challenges such a s  dur i ng fas t i ng ( T i laka r a t n e  e t  

al . 1 980 ) and d u r i ng peak lac t a t i on ( Davey e t  al . 1 9 8 3 ) . The 

me c ha n i s ms respons i ble for the inc reased l i po ly t i c response  t o  

ad renal i ne are s t i l l  unknown . A recen t  s t udy by Smi t h  and M cNamar a  

( 1 9 8 8 ) showed tha t a c t ivi t y  o f  hormone sens i t i ve l i pase was grea t e r  i n  

h igh gene t i c  mer i t  c ows a l t hough t h i s  compa r i s i o n  was c o n founded wi t h  

d i f f e r ences i n  ene rgy balance . S i m i larly , h i gh y i e l d ing cows t re a t ed 

wi t h  s oma t o t ro p i n  ( GH )  s h owed bo th i n creased blood NEFA concen t ra t i on 

and e nhanced l i p o ly t i c  res ponse t o  adrenal i ne ( Sechen e t  al . 1 98 9 ) .  

Howeve r ,  d i f ferences  i n  GH concen t ra t i ons wer e  no t d e tec t e d  b e tween t h e  

t w o  l i ne s  i n  t h i s  s t udy a l t h ough a m o r e  f requen t  s ampl i ng reg i me would 

be requi red t o  e s t abl i sh the po i n t  unequ i v o cally . I t  is a l s o  o f  

i n t e r e s t t o  compare the p resen t resul t s  w i t h  t h o s e  o f  B r i dges e t  a l . 

( 1 98 7 )  who obse rved a grea t e r  plasma glucose respon s e , b u t  n o t  

l i p o ly t i c  respons e , t o  adrena l i ne i n  HBI h e i fers . The d i s c repancy i n  

t h e  r esul t s  be tween t he t wo s tud i es m i gh t  have ari sen because o f  

d i f f e rences  i n  t h e  feed i ng reg i me . Feed i ng was onc e  d a i ly i n  t h e  

p r e s e n t  s tudy whe reas , i n  t h a t  o f  B r i dges e t  al . ( 1 98 7 ) , t h e  h e i f e r s  

w e r e  f e d  more f requen t ly and challenged wh i le t hey s t i l l had a c c e s s  t o  

feed . S tudies  b y  Blum e t  a l . ( 1 98 2 )  and Froh l i  and Blum ( 1 9 8 8b )  

showed t h a t  NEFA response t o  adrena l i n e  i n  d a i ry ca t t le was m i n i mal 

f o l l ow i ng feed i n g  bu t i n c reased marked ly dur i ng f as t i ng .  Thus 

r e s ponses  o f  LBI and HBI ca t t le t o  the  l i po ly t i c  and glycogenoly t i c  

e f f e c t s  o f  ad renal i ne migh t  b e  i n f luenced by t i me f rom f e ed i ng as  wel l  

a s  b y  chron i c  e f fe c t s  o f  ene rgy allowan c e . 

I n  summary , t he d i verge n t  energy balan c e s  employed i n  t h e  p r e s e n t 

e x p e r i men t , alone o r  in c omb i na t i on wi t h  me t abol i c  challenges , p roduced 

s ub s t an t i al d i f f e rences in  many plasma parame t e r s . Ther e  was e v i d e n c e  

f o r  a l i ne x a l l owance i n t e r ac t i on i n  NEFA r esponse to adrenal i n e , t h e  

l i n e  d i f ferences b e i ng grea tes t a t  75% MER . D i fferences were  a l s o  

apparent  be tween t h e  l i ne s  i n  t h e  changes i n  plasma glucose  and u r e a  

l evels  wh i ch o c cu r r ed a f t er f eed i ng . T h e s e  d i f ferences were  no t 
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a f f e c ted  b y  energy allowanc e  and we r e  mos t a p pa r e n t  when ' ba s el i ne ' 

c on c en t ra t i ons  ( those a t  t he t i me o f  feed i n g )  were c o r re c t ed f o r .  

Clearly , such base l i n e  ( pr e f eeding)  values need t o  be more c learly 

d e f i ned i n  f u t u r e  s tud i e s  by i mprov i ng t he sampl i ng reg i me . 
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The e f fe c t s  o f  gene t i c s e l e c t i o n  for m i lk p roduc t i on o n  me t ab o l i c  

phys i o logy we re e xam i ned i n  8 HBI  and 8 LBI F r i es i an h e i f e r s  t re a t ed 

w i t h  p roge s t e rone i n  a two-per i od e x p e r i men t .  In the f i r s t  p e r i od , the  

basal  p l a s ma concen t ra t i ons o f  GH , i nsul i n , glucagon , glucos e ,  NEFA , 

u r ea and c r e a t i n i ne were measured over  a 6 hr  i n t en s i ve s ampl i ng p e r i od 

( a t  10 m i n  i n t e rvals ) .  In the  s econd p e r i od ,  the d o s e  e f f e c t s  o f  

i n t ravenous glucose ( 0 , 7 5 ,  150  and 300 mg /kg lwt ) and i nsul i n  ( 0 , 0 . 1 ,  

1 ,  and 1 0  �g/kg lwt ) challenges o n  m e tabo l i c  res ponses  were  t e s ted  i n  a 

s pl i t -p l o t  d e s ign c a r r i e d  out  over a pe r i od o f  8 days . 

Basal  p lasma urea and crea t i n i ne c oncen trat ions were  margi na l ly 

g r ea t e r  ( P <0 . 1 0 )  i n  the  LBI h e i fers  t han i n  the HBI h e i fers  bu t no  

d i f f e r e n c e s  were f ound be tween the  t wo l i ne s  i n  plasma c o n c en t ra t i ons  

of  GH , i n s u l i n ,  g lucagon , gluco s e  o r  NEFA . No  s i gn i f i can t l i n e  

d i f fe r e n c e s  were f ound i n  t he number o f  s e c re t i on s p i kes o r  the 

magn i tude  of  the  s p i ke s  for  basal  plasma GH o r  i ns u l i n  d u r i ng t h e  6 h 

p e r i od . 

The e f fe c t s  o f  dose  o f  e i t h e r  glucose or i nsul i n  on  p lasma 

concen t ra t i ons of i nsul i n , gluco s e  and NEFA were s i gn i f i cant . There  

we re s i gn i f i can t d i f ferences be tween the two  l i nes in  i nsul i n  s e c re t i on 

i n  r e s pons e to  gluco s e  chal l enge s . The HBI hei f ers r e l eased more  

i nsul i n  t ha n  t he LBI h e i fers in  t he i n i t i a l  p e r i od ( 0- 1 2  min f o l lowing 

the  c ha l lenge ) ,  and this  d i f fe r e n c e  was i ndependen t o f  glucose  d o s e . 

Lower p lasma gluco s e  concen t ra t i on s  i n  the HBI than i n  t h e  LBI h e i f e r s  

a f t e r  g l u c o s e  cha l l enges wer e  apparently  d u e  to  t h e  s e c ondary e f f e c t  o f  

t he g r ea t e r  hype r i nsul i naem i a  i n  t h e  former group . Analys i s  o f  t he 

d i sappearance o f  glucose f rom t h e  p lasma showed t h a t  the  glucose  

e l i m i na t i on ra t e  cons tan t  (k)  and g lucose concen t r a t i on at  t ime  z e r o  

( C0 ) were  grea t e r  i n  t he H B I  h e i f e rs t han i n  t h e  LBI h e i f e r s , whereas  

t he v olume of  gluco s e  d i s t r i bu t i on ( Vd ) , the  d i s t r i bu t i on c oe f f i c i e n t  
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( 6) and t h e  hal f- l i f e  ( t 1 1 2 ) o f  t h e  i n j e c t ed glucose were  grea t er f o r  

t h e  LBI t han f o r  the HBI hei fers . 

Plasma i ns u l i n  concen t ra t i on s  a f t e r  i nsul i n  chal l enge were 

s l i gh t ly h ighe r  i n  the HBI he i f ers  t h an i n  the  LBI he i f e r s , whe reas 

p lasma glu c o s e  and NEFA l evel d i d  no t d i f fer b e t ween the l i n e s  a f t e r  

t h e  challenge . No s i gn i f i can t i n t e r a c t i ons  o f  l i n e  x d o s e  i n  plasma 

me t abol i t e s  and hormone concen t ra t i on s  we r e  observed a f t er e i t h e r  

g l u c o s e  o r  i ns ul i n  chal l enges .  

The s e  r e su l t s  showed that  wh i le t h e  bas al  p lasma concen t ra t i on s  o f  

m e t abol i t e s  and h ormones were no t s i gn i f i can t ly i n f luenced by gene t i c  

s e l e c t i on f o r  m i lk produc t i on , t h e  pancrea t i c  i nsul i n  s e c r e t i on and 

glucose d i sap pearan c e  i n  response to  glucose challenge were  

s i gn i f i can t ly 

p r oges t erone . 

grea t e r  in HBI t han i n  LBI hei fers t re a t ed w i t h  

I .  INTRODUCTION 

The phy s i o l og i cal  r esponses o f  two l i nes o f  F r i es i an h e i f e r s , one  

of  h igh gene t i c  mer i t and the o t h e r  of  l ow gene t i c  meri t ,  to  t wo l evels  

of  f eed i ng and to  var i ous me t abo l i c  chal lenges were i nves t i ga t e d  in  the  

p r ev i ous s t udy ( Chap t e r  3 ) . Some of  the  resu l t s  f o r  insul i n  me t ab o l i s m  

i n  that  s tudy were a t  var i ance wi th  e a r l i e r  repo r t s  o n  lac t a t i ng c ows 

( F lux et  a l . 1 9 84 ) , new born calves ( X i ng et  al . 1988 ) and 6 mon t h  

o l d  bul l  c a lves  ( M a cken z i e  e t  a l . 1 9 88 ) . F o r  example , plasma i nsul i n  

concen t ra t i ons  were greater  i n  t h e  h i gh breed i ng i ndex ( HB I ) groups 

t han i n  the  low b r e e d i ng index ( LB I )  groups i n  the  three e ar l i e r  

s t udies  and t h e  response o f  pan c r e a t i c  i nsul i n  secre t i on t o  arg i n i n e  

i n fu s i o n  w a s  h igher i n  t h e  HBI newbo r n  calves t han i n  t h e  L B I  calve s . 

I n  con t ras t ,  i n  the experimen t d es c r i b e d  in Cha p t e r  3 ,  p l a s ma i nsul i n  

concen t ra t i o n s  were s i mi lar i n  h e i f e r s  from the  two l i n e s  i r r e s pe c t i v e  

o f  t h e  c o nd i t i ons  app l i ed ( such a s  me t abol i c  chal lenges and v ar i a t i on 

i n  feed a l l owance ) ,  whi ch were i n t en d ed t o  accen t ua t e  t h e  d i f ferences  

be t ween the l i nes . One pos s i ble explan a t i on i s  tha t i nsul i n  me tabol i s m  

i s  influenced  by t h e  phys i o logi cal  s t a t e  o f  t h e  an i mal . The earl i e r  

s t ud i es w e r e  carr i ed ou t on p r egnan t cows ( F lux e t  a l . 1 9 8 4 )  o r  

p r e -pube r t a l  c a lves ( Xi ng e t  al . 1 9 8 8 ) whe reas s ome o f  t h e  h e i f e r s  i n  
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Chap t er 3 had r eached puber ty and s t age o f  t h e  oes t rous c y c l e  may 

a f f e c t insul i n  and glucose me t abo l i sm in ca t t le  ( McCann and R e i m e r s  

1 98 6 ) . Furthermo r e , only s i ngle doses o f  glu cose o r  insul i n  were  g i ve n  

( Chap t e r  3 )  and t h e  pos s i b i l i t y  o f  a l i n e  x dose  i n terac t i on e x i s t s ,  

i . e . the  magn i t u d e  o f  l i ne  d i f fe rences may b e  dependent upon t h e  d o s e  

o f  me t abo l i t e  o r  h o rmone admi n i s t ered . 

Ano ther  i ncons i s t ency be tween s t ud i e s , wi t h  rega rd t o  t h e  

s e l e c t i on l i ne e f f ec t , i s  i n  respe c t  t o  p l asma G H  concen t ra t i on .  The r e  

a r e  r e p o r t s  t h a t  p lasma G H  c on cen t ra t i ons a re h ighe r  i n  dai ry c a t t l e  o f  

h i gh gene t i c  mer i t ( Kazmer e t  a l .  1 98 3 ; Barnes e t  al 1 985 ; X i ng e t  

a l . 1 9 88 ) , bu t t h e  d i f fe rences were n o t  always s i gn i f i ca n t  i n  t h e  

M a s s ey Unive rs i ty s e lec t i on l i nes ( F lux e t  a l . 1984 ; Chap t e r  3 ) . 

These  l a t t e r  resu l t s  may b e  due , in par t , t o  insu f f i c i en t  f requency o f  

sampl i ng t o  de t e c t  d i f ferences  be tween t h e  l i nes . 

Therefore , t h e  f i r s t  obj e c t i ve o f  t h i s  s t udy was t o  d e t e rm i ne t h e  

s e l e c t i on l i n e  e f f e c t  o n  t h e  bas a l  concen t ra t i ons o f  plasma me t a bo l i t e s  

and ho rmone s , e s p e c i ally G H  and insul i n , by applying a f requen t 

sampl i ng regi me . The second obj e c t ive was t o  evalua t e  t h e  e f f e c t  o f  

d o s e s  o f  glucose  o r  insu l i n  used i n  t h e  chal l enge expe r i men t s  o n  t h e  

me t abo l i c  res ponse s  o f  t h e  he i fe r s  f r om t h e  t wo l i nes . F o r  t h i s  s t udy , 

p os s i b l e  e f f e c t s  o f  t he s t age of  the oes t rous  cy c l e  were con t ro l l ed by 

t r e a t i ng all  h e i f e r s  wi t h  p roges t erone . 

I I . MATERIALS AND METHODS 

1 .  An i ma l s  

S i x t een 6-mo n t h  o l d  F r i e s i an he i f ers , 8 born t o  paren t s  o f  h i gh 

b r e e d i ng i ndex ( HB I ) and 8 b o rn to paren t s  o f  low b reed i ng i nd e x  ( LBI ) , 

were  used  i n  t h i s  expe r i men t .  They o r i g i n a t e d  f rom the  same l i ne s  as  

those  used i n  ear l i e r  s t ud i e s  ( Davey et  a l . 1983 ; Flux et  a l . 1 9 8 4 ; 

Chap t e r  3 )  and w e r e  rai s e d  on  t h e  Dai ry Ca t t le Research Un i t  a t  Mas s ey 

U n i v e r s i ty .  The e s t imated  mean BI based o n  ance s t ry i n fo rma t i o n  was 

1 3 5 � 2 ( Mean � S . D . ) f o r  the  HBI group and 1 1 1  � 2 for the LBI group . 

L i ve we i gh t  a t  t h e  s ta r t  o f  the expe r i men t was 1 3 2  + 7 kg and 1 3 7  + 1 4  

kg f o r  HBI and LBI  h e i fers  respe c t i vely . 
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2 .  Expe r i men t a l  pro cedures 

P r i or t o  the  exp e r i men t , the  h e i fers  had been graz i ng ad l i b i t u m  

on  m i x e d  ryegras s /wh i t e c l over pas ture  w i th  a c c e s s  t o  h ay supplemen t s  

( due t o  t he fac t t h a t  pas ture  grow t h  had been  a f fec t ed by a d r y  

s eason ) .  The he i fe r s  wer e  t h e n  housed i ndoors  f o r  1 6  days t o  adj us t t o  

t h e  changes i n  cond i t i ons , i ncluding feed i ng . He i fers w e r e  fed m i xed  

pas t u r e  h ay ( predomin an t ly pe renn i a l  ryegrass /whi t e  c l ove r )  a t  7 5 %  

m a i n t enance energy r e q u i remen t ( MER ) . Ma i n t enance was c a l cu l a t ed as  

0 . 55 M J  ME/kg · 7 5  ( Ho lmes and W i l s on 1 984 ) and the  hay was  a s s umed to  

c on t a i n  8 . 6  MJ  ME/kg DM a t  85% DM ( Ho lmes and Wi l s on 1 98 4 ) . H ay was  

o f fe r e d  once  dai ly at  1 600h t h roughou t the  expe r i me n t  and t h e  he i f e r s  

had f r e e  access t o  c lean wa t e r . 

Oes t rous cyc l i ng o f  the  h e i f e rs was c on t ro l led by i ns e r t i ng 

i n t ravag i na l ly a p r oges t e rone- i mp regna t ed con t rolled i n t e rnal  d r ug 

releaser  ( CI DR , Type B ,  EAZI-breed , AHI P l as t i c  M ou l d i ng Co . , Hami l t o n ,  

New Z e a l and ) on d ay 1 1  o f  the  adj us t ment  pe r i od . Jugular cannulae w e r e  

i nse r t ed i n t o  the  he i f e r s  under l o c a l  anae s thes i a  on day 1 7 ,  o n e  d ay 

b e f o r e  t h e  i n t ens i ve blood sampl ing s t ar t ed . 

The  expe r i men t was c ondu c t ed i n  two per i od s . I n  per i od I ,  a 6 

hour i n t ens ive blood  s ampl i ng regime was d e s igned t o  measure t h e  

p ro f i l e s  o f  G H  s e c r e t i on a s  we l l  a s  o the r me tabo l i t e  and h o rm o n e  

c on c e n t r a t i ons . B lood samples  w e r e  c ol l e c t ed i n t o  p re - ch i l le d  

c en t r i fuge tubes , con t a i n i ng 100 u l  o f  35% ( w / v )  sod i um c i t r a t e , a t  1 0  

m i nu t e  i n t ervals f o r  6 hours , beg i nn i ng a t  1000 h .  P lasma was  

harve s t ed and  a l i q u o t e d  into  vials  a f t e r  c en t r i fuga t i on .  Apro t i n i n  

( S i gma N o . A-62 7 9  L o t N o . 4 7F-802 0 )  was added t o  1 ml a l i q u o t s  o f  t h e  

plasma s amples , 

rela t i v e  t o  the  

c o l l e c t ed 

s t a r t  o f  

a t  1 0 ,  7 0 ,  1 30 ,  1 9 0  and 2 7 0  and 330 m i n u t e s  

s amp l i ng ,  a t  1 000 KIU/ml equ i valen t t o  

t rasyl o l , t o  i nh i b i t  p r o t e o ly t i c ac t i v i ty f o r  t he glucagon a s s ay . 

P lasma s amp les were  s t o r ed a t  -20° C before  b e i ng analys ed . An i ma l s  

were a l lowed one day ' s  r es t b e f o r e  being sampled  i n  per i od I I . 



P e r i od I I  i nvolved adm i n i s t ra t i on o f  i n t ravenous 

i n s u l i n  challenges . He i fe r s  wer e  d i v i d ed i n t o  2 b lo cks 

B I ) w i t h  b lo c k  1 r e ce i v i ng glucose f o l l owed by i n s u l i n  
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glucose  and 

( ba l anced f o r  

and block 2 

r e c e i v i ng t h e  reverse s equence . U i t h i n  each block , h e i f e r s  r e c e i ved 

g l u c o s e  o r  i n s u l i n  cha l le nges i n  a 4 x 4 La t i n  Squa r e  a rrangemen t 

( r e p l i ca t e d  i n  B I ) .  F o u r  glucose doses  ( 0 ,  7 5 , 1 50 and 300 mg/kg ) and 

4 i ns u l i n  d o s e s  ( 0 ,  0 . 1 ,  1 and 10 wg/ kg )  were adm i n i s t ered , one  on e a ch 

day . Thus t h e  combina t i on o f  chal lenges ( 4  glucose  f o l l owed by 4 

i ns u l i n  o r  v i c e  v ersa ) t ook a t o t a l  o f  8 days . 

I nsu l i n  and gluco s e  were  prepared f o r  the  challenges as f o l l ows . 

I n s u l i n  ( S i gma Chemical Company , S t  Loui s ,  Mo . ,  USA , Ca t .  No . I - 5500 , 

2 3 . 4  I U/mg ) was d i s s olved i n  3% bov i ne s e rum a l bumin  ( S i gma Ca t .  No . 

A - 8 02 2 , Frac t i on V )  i n  phy s iolog i cal  sal i n e  t o  the  appro p r i a t e  

c o n c e n t ra t i on s  and volumes ( 7- 1 0  m l /an i ma l )  and adm i n i s t ered a s  an 

i n t ravenous i nj ec t i on over 10-20 s e conds . Glucose ( 0 . 4g/ml , p re p a r ed 

f o r  i n t ravenous i nfus i on by Na t i onal Dai ry As s o c i a t i on ,  Palme r s t on 

No r th ,  New Zealan d ) was d i lu t ed wi t h  s a l i ne and i n fused ( 50 t o  1 00 

ml / an i mal ) i n t o  the h e i f e r s  wi t h i n  2 minu t e s . Zero d o s e  i nvolved 

i nj e c t i ons  of  s t e r i le s a l i n e . The challenge s were condu c t e d  in  two 

b a tch e s , at  1 000 h o r  1 20 0  h on  each d ay , and blood samples were 

c o l l e c ted  at  - 1 5 , -10 ,  - 5 , 4 ,  8 ,  1 2 , 1 6 ,  20 , 30 , 40 , 50 , 60 , 7 5 , 9 0 , 

and 1 20 m i nu t e s  rela t i ve t o  glucos e / i ns u l i n  i nj e c t ions . S amples  w e r e  

c o l l e c t ed i n t o  pre-ch i l l e d  cen t r i f uge tubes , c on t ai n i ng 100  u l  o f  35% 

( m/ v )  sod i um c i t ra t e , and p r o cessed as descr i bed above . 

3 .  Blood  analyse s  

Urea and c r ea t i n i ne concen t ra t i ons i n  p lasma were ana lysed  b y  t he 

a u t o analy s e r  me t hods o f  Marsh e t  a l . ( 1 9 6 5 ) and Chasson e t  a l . 

( 1 9 6 1 ) ,  r e s pe c t i vely . G l u c o s e  was d e t ermined enzyma t i ca l ly by t h e  

m e t h o d  o f  Rosevear e t  a l . ( 1 9 69 ) . Plasma non-es t e r i f i ed fa t ty a c i d  

( NEFA ) concen t ra t i ons were  de t e rm i ned colou r i me t r i ca l ly us i ng NEFA 

a s s ay ki t s  ( Wako Pure Chemi cal I ndus t r i e s  L t d , Japan ) b ased on  t h e  

m od i f i ed p r o cedure o f  M c C u t c heon and Bauman ( 1 98 6 ) . T h e  i n t ra- and 

i n t e r-as s ay c o e f f i c i e n t s  of vari a t i on for  glucos e , urea , c r e a t i n i ne and 

NEFA were 1 . 4 ,  3 . 8 ;  1 . 3 , 1 . 9 ;  0 . 4 ,  1 . 0 ;  and 2 . 6 ,  3 . 8% r e s pe c t ively . 

P l asma i ns u l i n  and GH were  assayed us i ng t he double-an t i body  
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rad i o i mmunoas s ays p revi ously d es c r i bed b y  Flux e t  al . ( 1 9 8 4 ) . B ov i ne 

c ry s t a l l i n e  i ns u l i n  ( Si gma No . I - 5 500 , Lo t No . 55F-053 6 ,  23 . 4  I U / mg )  

was u s e d  f o r  i od i na t i on and a s  the  r e f e r ence s tandard i n  the  i ns u l i n  

RIA .  B o v i n e  GH , ( USDA-bGH- I - 1 , Lo t 

( USDA-bGH-B1 , Lo t No . AFP-5200 . 

No . AFP 6 500 , 3 . 2  IU/mg ) and 

1 . 9IU/mg ) , were used f o r  i od i na t i on 

and as  r e f erence s t andards r e s p e c t i vely i n  the  GH assay . The i n t ra-

and i n t e r - assay c oe f f i c i en t s  of var i a t ion  for i nsu l i n  a s s ay were 8 . 2% 

and 1 2 . 4% and f o r  GH were 8 . 6% and 1 3 . 2% ,  respe c t i vely . 

The  i nsul i n  assays wer e  i n i t i ally c onduc t ed i n  such a manne r t h a t  

s am p l e s  f rom 2 h e i fers f rom e a c h  s el e c t i o n  l i ne a t  a l l  t h e  4 d o s e s  were  

i n c luded  in  each assay . The resu l t s  of  t he assays showed tha t i n su l i n  

values  i n  sampl e s  f rom the h i gh and low dose  cha l l enges samples  were  

o f t en beyond t h e  max i mum ( 1 2 . 8  ng/ m l ) and m i n i mum ( 0 . 05 ng/ m l ) 

d e t ec t i on l i m i t s  o f  the  assay . 

P l as ma i n su l i n  concen t ra t i o n  i n  samples  t aken a f t e r  i nj e c t i on s  o f  

med i um ( 1  �g/kg ) and h i gh d o s e s  ( 1 0 �g/kg )  o f  i n s u l i n ,  t h a t  we r e  

g r ea t e r  t han t h e  h ighe s t  i n su l i n  s t andard ( 1 2 . 8  ng/ml ) ,  were  t he n  

r e a s s ayed  a f t e r  s e r i a l  d i lu t i on w i t h  3 . 5% bov i n e  s e rum album i n  ( BSA ,  

f r a c t i on V ,  S i gma ) i n  0 . 01 M phos pha te-bu f fered sal i ne ( PB S ) . When t h e  

s a m p l e s  w e r e  d i l u t ed a t  ra t i os u p  t o  1 : 4 ,  t hey exh i b i t ed p a ra l l e l  

d i s pl a c emen t o f  1 2 5 1 insul i n  s t andards . Howeve r ,  lack o f  par a l le l i sm 

o c cu r r e d  when t h e  s ample s  a f t e r  h i gh-dose i nsu l i n  i nj ec t i o n  were  

d i lu t ed at  more  t han 1 : 4  ( i . e .  a t  1 : 8  and above ) d i lu t i on fac t o r  

( Append i x  I ) . Thus , only t h e  i n s u l i n  i n  samples a f t er t h e  med i um-dose  

i ns u l i n  chall enge could  b e  s a t i s f ac t o r i ly assayed . 

P lasma glucagon concen t r a t i on vras de t e rmi ned by t h e  double  

an t i body rad i o i mmunoassay me t h od des c r i  bed i n  Chap t e r 2 .  B o v i n e  

glucagon ( S i gma No . G425 0 , Lo t No . 65F-06 7 4 )  vras  used as  t h e  a n t igen 

f o r  r a i s i ng glucagon an t i se r a  and as t h e  r e fe rence s t andard s .  A 

d i f f e r e n t  s o u r c e  o f  bov i n e  Glucagon ( El i  L i l ly company , I nd i anapo l i s , 

I nd i an a , USA , Lo t No . 258-2 5 3 - 1 2 0 )  vras used f o r  i od i na t i on .  The 

g l u c agon an t i se rum vras rai s ed in a gu i nea p i g  by an i mmun i z a t i on me t hod 

s im i l a r  to t h a t  o f  Frohman e t  a l . ( 1 9 7 0 ) . When used  a t  1 : 1 6 , 000 

d i lu t i o n , t h i s  an t i s erum h ad an assay b i n d i ng o f  35% ( i n absence  o f  

u n l ab e l l e d  glucagon ) .  The a s s ay sens i t i v i ty was from 5 0  t o  1 00 pg/ml 
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wi t h  a b i n d i ng a f f i n i t y  o f  3 . 1 X 1 01 0  L / mo l . The assay e xh i b i t ed 

t ha n  1%  c r o s s - reac t i on wi t h  bo th glucagon-l ike p e p t i de I ( S i gma 

G - 3 2 65 Lo t No . 36F08 2 2 1 )  and bovine  i nsul i n  ( S i gma No . I -5500 , 

l e s s  

No . 

Lo t 

No . S SF-05 3 6 ) .  The s ec ond an t i body t o  gu inea p i g  gamma g l o bu l i n  was 

r a i sed in s h e e p  and used at 1 : 40 d i l u t i o n  to give an e x c e s s  o f  

an t i body . The  i od i na t i on o f  glucagon was based on the Ch l o r a m i n e-T 

me t hod (Greenwood et a l . 196 3 )  and t h e  i od i na t ed glucagon was p u r i f i ed 

by ani on e x ch ange chromat ography ( J o rgensen and Larsen 1 9 7 2 ) .  The  

s t andards used c o n t a i ne d  50 , 100 , 200 , 400 , BOO , 1600 , 3200 , 6 4 0 0  and 

1 2 800 pg/ml . The i n t ra-assay C . V . was 10 . 5% .  and all the  s am p l e s  

w e r e  analysed w i t h i n  one  assay . 

4 .  S t a t i s t i cal Analys i s  

1 )  S i x  hour sampl i ng 

i )  Basa l  p l asma c on c en t ra t i ons : D i f f erences be tween t h e  HBI  and 

LBI  hei fers  in plasma c on c en t ra t i ons  o f  urea , crea t i n i ne , g l u c o s e , 

NEFA , GH , i nsul i n  and glucagon f r om t h e  i n t ens i ve bl ood s am pl i ng p e r i o d  

we re i n i t i al l y  analysed b y  ANOVA me t hods , wi th  s e l e c t i on l i ne  as  t h e  

o n ly fac t o r  b e i ng exami ned . Repea t ed meas ures -analys i s  ( MANOVA ) was 

t hen used to fur ther  analyse these d a t a  to t e s t  the  overa l l  e f f e c t  o f  

s e l e c t i on l i ne over t he samp l i ng p e r i od . 

i i )  Quan t i t a t i ve  analys i s  o f  puls a t i le GH and insul i n  s e c re t i on 

o b s e rved i n  t h e  6 hour p e r i o d  Apa r t  from the es t i ma t i on o f  basal  

c on c en t ra t i on s , t he p a t t e rns o f  GH and  i nsu l i n  s e c r e t i on i n  t h e  HBI and  

LBI  h e i f e r s  were compared in  the  f o l l ow i ng a s pe c t s  accord i ng to  the  

me t hod o f  San t en and  B ard i n  ( 1 9 7 3 ) . 1 )  The c o e f f i c i en t s  o f  v a r i a t i on 

i n  p lasma GH and i ns u l i n  concen t r a t i ons  over t h e  6 hour p e r i od . 2 )  The 

number of s ec r e t i on s p i kes over the  s amp l i ng per i od . A s p i ke was 

i den t i f i ed i f  there  was a 30% o r  grea t e r  i n c rease above the p r e c e d i ng 

n ad i r  i n  h o r mone concen t ra t i on whi ch was f o l l owed by a d e c l i ne i n  

concen t ra t i on .  (A  30% i n crease i n  concen t r a t i on was more  t h an t h r e e  

t i me s  t h e  i n t ra-as s ay coef f i c i en t s  o f  var i a t ion  for  b o t h  GH and 

i n s u l i n ) . 3 )  The magn i tude of the GH and i nsul i n  s p i ke s  as  t h e  

p r o po r t i on a l  and abs o l u t e  i n c remen t s  above t h e  preced i ng n ad i r .  The s e  

p arame t e r s  were  then  analysed by ANOVA t o  tes t t h e  s e l e c t i on l i ne 
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e f f e c t .  

2 )  Analys i s  o f  t h e  da t a  f r om glu cose  and i nsu l i n  chal l enges 

i )  Analys i s  o f  p l asma concen t ra t i ons  o f  h o rmones/me t ab o l i t e s  

The model f o r  s t a t i s t i ca l  analys i s  o f  t h e  d a t a  a f ter glucose  and 

i n s u l i n  chal lenges was based on the  s pl i t -p l o t  analys i s  of G i l l  and 

H a f s  ( 1 97 1 ) :  

Yi j k l m  U + L .  + B .  + LB . .  + sk + LSi k + B Sj k  + ]. J l. J  
LBSi j k  + pl + LPi l + BPj 1 + LBPi j l + D + LD . m 1 m  
BD . + LBD . .  + SPk l + LSPi k l +BSP j k l + ei j k l ) m  l. J m 

wh e r e  Yi j k l m = t h e  observed value 

U = overal l  mean 

L1 e f f e c t  o f  the i t h selec t i on L i ne ( i = l , 2 )  

B j e f f e c t o f  the j th Block ( j = l ,  2 )  

Sk e f f e c t o f  the k t h  Sequence ( k= l  . . .  4 )  

P 1 e f f e c t  o f  the l th Pe r i od ( day ) ( 1 = 1  . . . 4 )  

D e f f e c t  o f  the m t h  Dose ( m=1  . . .  4 )  m 

+ 

LBS . ' k = t h e  l i n e  x b lo ck x s equence  i n t e rac t i on vh i ch , i n  t h e  l J 
s p l i t - p l o t mode l ,  i s  t h e  appro pr i a t e  e r ror t erm for  t es t i ng 

t h e  e f fe c t s  o f  l i ne , b lock , sequence and the i r  f i rs t o r d e r  

i n t e r ac t i o ns . 

ei j k l  = e r r o r  t e r m  ( LBSP i j k l ) used f o r  t e s t i ng the  e f f e c t s  o f  

p e r i od , d o s e  and t he i r  i n t erac t i on s . 
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and i n t er ac t i ons b e t ween the main e f f e c t s  are  a s  i n d i c a t ed . 

Cha l l enge d a t a  

i nsul i n / sa l i ne wer e  

each s ampl i ng t ime . 

f r o m  t h e  

i n i t i al ly 

four  doses  o f  glucos e / s a l i ne o r  

analysed by a p p ly i ng t he above mod e l  a t  

Where d i f ferences e x i s t ed be tween t h e  two  

s el e c t i on l i nes p r i o r  to  cha l l enge ( i . e . in  basel ine concen t ra t i on s ) ,  

d a t a  were  c o r re c t ed by s u b t rac t i ng the  mean p r e chal lenge concen t ra t i on s  

o f  t h e  h ormone o r  me t a bo l i t e  f rom observed c on c e n t ra t i ons a t  each o f  

t he pos t - challenge samples . Analys e s  ( on t h e  base l i ne- c o r re c t ed d a t a )  

were  t he n  per formed a s  d e s c r i bed above . The analyses wer e  p e r fo rmed 

u s i ng the s t a t i s t i ca l  package ' REG ' ( G i lmour 1 9 85 ) . 

i i )  Ins u l i n  and glucose d i s appearance cu rves a f t e r  i nsul i n  and 

glucose  i nj e c t i ons  

Insul i n  and glucose  d i sa ppearance curves were  cons t ru c t ed for  d a t a  

a r i s i ng from i n t r avenous i nj e c t i ons o f  i n su l i n  ( med i um dose  only ) and 

glucose  respe c t i ve l y . For insul i n  data a f t er insul i n  i nj ec t i on ,  o n ly 

t h o s e  observa t i ons  f r om 4 t o  40 minu tes pos t - challenge we r e  u s e d  t o  

e s t i ma t e  the  i n su l i n  k i n e t i c s ,  as plasma i nsul i n  concen t ra t ion  i n  m o s t 

he i fe rs had already r e t urned t o  basal concen t ra t i ons by 40 m i n u t e s  

f o l l ow i ng t h e  i nj ec t i on .  The d a t a  for curve f i t t i ng were c o r re c t ed b y  

sub t rac t i ng the means o f  t h e  three pre - i nj e c t i on observa t i ons  and w e r e  

analysed b y  a n on - l i near , leas t -squares G au s s -New t on i t e r a t i ve me t h o d  

us i ng a compu t e r  package ( BMDP85 ) .  I n i t i a l ly ,  bo th  s i ngle- a n d  

two - c om par t me n t  m o d e l s  were f i t t ed for  t h e s e  experimen t al d a t a .  A s  t h e  

s i ng l e - compar t me n t  m o d e l  ( 1 )  gave t h e  b es t  f i t f o r  the  i nsul i n  d a t a  

( a f t e r  med i um d o s e  o f  i nsul i n  i nj ec t i on only ) , i t  was used  t o  d e r i v e  

t h e  k i ne t i cs o f  i n s u l i n  d i s appearance ( Ri t s chel 1986 ; Har t  e t  a l . 

1980 ) . The plasma glucose pa t t e rns a f t e r  glucose chal l enge s h owed 

apparent o s c i l la t i on s  i n  the  pos t - challenge per i od e s p e c i a l l y  a f t e r  

p l a s ma glucose r e t u rned  t o  i t s  basal leve l s , and the  o s c i l l a t i ons  w e r e  

no t a c c oun t ed f o r  by the  s i ngle-compa r t men t mod el  ( 1 ) . T he r e f o r e  a 

mod i f i ed s i ngl e - c ompa r t me n t  model ( 2 ) , wh i ch i nc ludes a c ompone n t  o f  a 

t r i ang le f unc t i on c o s ( p 3 · t ) ,  tha t  bes t d e s c r i bes the  os c i l la t i on s , was 

used to f i t  the glucose  d a t a  a f t e r  the  glucose  cha l l enges 

( H . Vare la-Alva r e z , p e r . comm . ) .  



Y=pl + p2 · e- k · t +cos ( p3 · t )  ---- ( 2 )  

C O p1 + p 2  + 1 

t l / 2 = 0 . 69 3 / k  

V d  Dose i nj e c t ed/C0 
6 Vd/lwt  

c 6 k 

s M c 
whe r e  f o r  t h e  glucose d a t a  

Y p lasma c oncen t ra t i on ( mg/d l )  a t  t i me t ( m i n )  

t t i me f ro m  chal lenge ( m i n ) 

C 0 = hypo t he t i cal  plasma glucose concen t ra t i o n  ( mg/d l )  

a t  t =  0 ,  o b t a i ned by back-ex t rapola t i on o f  t he 

monoexponen t i al d e c ay l i ne 

k = e l i m i na t i on rate  cons t a n t  ( % / mi n )  

p l =  cons t an t  value ( mg/ d l )  

p 2 =  coef f i c i en t  for t he exponen t i al c omponen t ( mg/d l )  

p 3 =  an i ndex o f  fluc t ua t i on i n  p lasma glucose conce n t ra t i on ( ±% )  

t 1 1 2 = hal f - l i fe o f  i nj e c t ed glu c o s e  ( m i n )  

V d =  vo lume o f  d i s t r i bu t i on ( d l , bu t conver t ed t o  l i n  Table 4 . 3a by 

d i v i d i ng by 10)  

6 d i s t r i bu t i on coe f f i c i en t s  f o r  i nj ec t ed glucose ( l / kg lwt ) 

and f o r  the  insul i n  d a t a ,  i n  ad d i t i on t o  t he c orres pond i ng 

values above , 

C me t a bo l i c  c learanc e  r a t e  o f  i n s u l i n  ( m l / m i n /kg ) 

S basal p lasma i ns u l i n  s e c re t i on r a t e  ( ng / m i n / kg )  

M mean o f  3 pre-chal l enge i ns u l i n  c oncen t ra t i ons  (ng/ m l ) 

7 8  

i i i  Calcula t i on o f  i nsul i n  and areas a f t e r  

g lu c ose i nj e c t i on 

The a c u t e  ( 0  t o  1 2  m i n u t es ) and t he t o t a l ( 0  t o  1 2 0  m i nu t es ) 

i ns u l i n  and glucose r e s p onse areas above the  base- l i ne a f t e r  g l u c o s e  

c ha l l enge were calcul a t ed u s i ng the  t rapezo i da l  me t hod ( R i t s chel 1 9 86 ) . 

I n i t i a l ly , the maxi mum acu t e  i nsul i n  secre t i on r a t e  ( Vmax ) ( 0- 1 2  m i n )  
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i n  response  t o  glucose challenge and t h e  a c u t e  glucose  s t im ulus a r eas  

( Km )  r e s u l t i ng 50% of  Vmax were e s t i ma t ed us i ng Ead i e- S c a t chard p l o t s  

( Segal 1 9 7 5 ) . Howeve r , as t he d o s e s  o f  glucose app l i ed i n  t h i s  s t udy 

we r e  f a r  t o o  few f o r  generat i ng t h e s e  parame t ers , the cal c u la t ed Vmax 

and Km a r e  excluded f rom fur ther d i s cuss i on .  

G l u c o s e  parame t er s  ( K ,  t 1 1 2 , Vd , 6) d e r ived for  each o f  t h e  3 

doses  o f  glucose  were  analysed us i ng the s p l i t - pl o t  analys i s  me t hod as  

d es c r i be d  above . The i nsul i n  k i ne t i c s ( K ,  t 1 1 2 , Vd and 6 )  d e r i v e d  

a f t e r t h e  i nj ec t i on o f  t h e  medi um-dose i nsu l i n  ( 1  wg/kg l w t ) wer e  

analy s e d  b y  ANOVA t o  t e s t the s e l e c t i on l i n e  e f f ec t . 

III . RESULTS 

1 .  S i x  hour s amp l i ng p e r i od : 

The p r o f i le s  o f  the mean p lasma ho rmone and me t a bo l i t e 

concen t ra t i ons o f  the HBI and LBI hei f e r s  over the  6 hour  i n t en s i v e  

s ampl i ng p e r i od a r e  shown i n  F i gu r e s  4 . 1 -4 . 2 .  

Mean p lasma GH and i nsu l i n  concen t ra t i ons  were s l i gh t ly grea t e r  i n  

HBI he i f e r s  than i n  t he LBI he i fe r s  ( F i gu r e  4 . 1 and Table 4 . 1 ) bu t t h e  

d i f f e re n c e s  we r e  n o t  s i gn i f i can t ( P>0 . 05 ) . N o  d i f fe r e n c es i n  p lasma 

glucagon concen t r a t i ons  were f ound be tween the two l i ne s . 

There  was n o  d i f f eren c e  i n  p lasma glucose  concen t r a t i o n  be tween 

the HBI  and LBI groups even though glucose concen t ra t i on a ppeared to be 

h ighe r  in the HBI t han in the LBI h e i fers  dur i ng the  l a s t 2 hours o f  

s am pl i ng ( Figur e  4 . 1 ) .  Plasma NEFA concen t ra t i on i n  the h e i f e r s  s h owed 

a gradual increase  over the  6 hour per i od ( F i gure 4 . 2 ) .  N o  s i gn i f i ca n t  

l i n e  e f f e c t on p lasma NEFA lev e l  w a s  obse rved , bu t mean plasma NEFA 

concen t ra t i ons were  gene rally h i gher  i n  t h e  HBI he i f ers  than i n  the  LBI 

he i fe r s . 

P lasma urea concen t ra t i ons  showed a g radual i n c r e a s e  s i m i lar t o  

tha t o f  p lasma NEFA over t h e  samp l i ng t i me and u r e a  levels  we r e  

cons i s t en t ly l o w e r  ( P<O . l )  i n  the  HBI he i fers  than i n  the  L B I  h e i f er s  

( F i gu r e  4 . 2 ) .  These d i f f e r e n c e s  were s ign i f i can t ( P<O . O S )  a t  60 , 90 , 
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pan e l )  and glucose ( lowe r pan e l )  i n  8 h i gh b reed i ng i ndex ( *- -- * )  

and 8 low b reed i ng index ( o---o ) he i fe r s  t r ea t ed wi t h  p roges t e r one 

C I DRS . He i fe r s  had las t been fed 1 8  hours  before t i me 0 ( 1 000h ) 

and remained unfed dur i ng the samp l i ng pe r i od . 
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p e r i o d . ( L= s e l ec t i on l i n e  e f f e c t . PSE=pooled s t andard error  o f  
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i ndex ( *---* ) and 8 low b reed i ng i ndex ( o--- o )  he i fe r s  t re a t e d  w i t h  

p r oges t e rone CIDRs . He i f ers  had las t b een fed 1 8  hours b e f o r e  

t i me 0 ( l OOOh ) and rema i ned unfed dur i ng t he sampl i ng p e r i od . 

� L=selec t i on l i ne e f f€ c t .  PSE= pooled s t andard e r r o r  o f  t he mean . 

*=P<O . OS ,  a=P<O . O l )  
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100 , and 300 minu t es r e l a t i ve t o  the s t ar t o f  s ampling . The  LBI 

hei f e r s  ma i n t ained  g r e a t e r  plasma crea t i n i ne conc e n t ra t i ons  t han HBI  

hei f e r s  ( P<O . l ) t h ro ughou t t h e  6 hour  p e r i o d , and t h e  d i f f e rences  we r e  

s i gn i f i can t ( P < 0 . 05 )  a t  3 1 0 , 3 20 and 3 4 0  m i nu t es r e l a t ive t o  t h e  s ta r t  

o f  s am pl i ng ( Figure  4 . 2 ) .  

Table 4 . 1  Means and s t andard errors  ( SE )  f o r  the i n t egra t ed 
plasma ho rmone and me tabo l 1 t e  concen t rat i ons  
col l e c t ed at  10  m i nu t e  i n t e rvals ove r a 6 hour  
per i od i n  8 HBI  and 8 LBI h e i f e r s . 

I HB I  h e i f e r  I LB I  h e i f e r  I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

GH ( mi n · ng/ml ) 
M ean 5 6 2 . 4 5  467 . 2 3 
S . E .  1 44 . 5 1 7 9 . 4 2 

Insul i n  ( mi n · ng/ m l )  
Mean 5 6 . 46 44 . 10 
s . E .  1 3 . 54 9 . 48 

Glucagon 
Mean 

( mi n · ng/m l ) 
9 . 08 10 . 9 3 

S . E .  1 .  3 3  1 .  6 9  

Glu c o s e  ( mi n - mg/ d l )  
Mean 3 8 2 0 . 7 7 3 7 7 3 . 1 6 
S . E .  9 0 . 2 2 1 00 . 9 2 

NEFA ( mi n · umol l l )  
Mean 1 8 5 9 1 . 00 1 7 2 50 . 50 
S . E .  1 24 0 . 7 0 1 7 51 . 36 

Urea  ( mi n · mmo l l l )  
Mean 3 2 6 . 94 363 . 03 
S . E .  1 3 . 42 14 . 9 9 

C r ea t in i ne 
M e an ( mi n · umo l ! l )  1 7 7 6 . 66 2006 . 8 7 
S . E .  9 6 . 03 87 . 54 

2 .  Char a c t er i s t i cs o f  GH and i n s u l i n  s ec r e t i on 

The mean values  f o r  the  parame t e r s  o f  basal GH and i ns u l i n  

s e c re t i on f o r  t h e  HBI and LBI he i f e r s  a r e  presen t ed i n  Table  4 . 2 ,  and 

t h e  p a t t e rns o f  GH and i n s u l i n  concen t r a t i on over the 6 hour p e r i od f o r  

e a c h  i nd i v i du a l  h e i fer a r e  shown i n  Append i ces 2 and 3 .  No s ign i f i can t 

s e l e c t i on l i ne e f f e c t s  ( P> 0 . 05 )  were found for t hese parame t e r s . The 

a b s o l u t e  i n c re a s e  in GH and insu l i n  s p i ke s  was s l i gh t ly h igher  for t h e  

HBI  group t han f o r  t h e  LBI group , whe reas t h e  p e r c en t age i nc re me n t  o f  

G H  s p i kes ( s p i k e  heigh t / p receding nad i r )  was greater  f o r  t h e  LBI group  

t han f o r  t h e  H B I  g roup ( P < 0 . 1 0 ) . 



T able 4 . 2  Charac t e r i s t i cs o f  GH and insu l i n  s e c r e t i on d e t e r m i n e d  
f rom the  analy s i s  o f  the i r  concen t ra t i on s  i n  p l asma samp l e s  
c o l l e c t ed a t  1 0  m i n u t e  i n t ervals f o r  6 hours f r o m  t h e  HBI 
and LBI he i fer s . 

HBI LBI 

GH Insu l i n  GH Ins u l i n  

No . o f  he i fe rs 8 8 8 8 

Mean concen t ra t i on 9 . 7 3 0 . 96 8 . 1 0 0 . 7 6 
( ng/ml ) ± ( SE )  0 . 6 2 0 . 05 0 . 45 0 . 03 

Coe f f i c i en t s  o f  
Var i a t i on 0 . 60 0 . 4 3 0 . 58 0 . 4 2 
( % )  ± ( SE )  0 . 06 0 . 03 7  0 . 09 0 . 044 

No . of S p i ke s / h e i fer  7 . 1  7 . 8  6 . 6  7 . 8  
± ( SE )  1 . 7  1 . 0  1 . 7 1 . 7  

Magn i tude o f  
8 . 5  0 . 55 7 . 9  0 . 46 S p 1 kes ( ng/ m l ) 

± ( SE )  1 . 4  0 . 06 1 . 0 0 . 04 

Percen t age i n c r ease 1 8 3  1 20 2 65 1 2 8  
above prev i ous  nad i r  2 8  1 1  3 9  1 3  
± ( SE )  

3 .  Challenges 

8 4  

1 )  Glucose chal lenge : Pl asma i ns u l i n  and glucose concen t r a t i o n s  

and t h e i r  a cu t e  ( 0 - 1 2  m i nu t e s )  and t o t a l  ( 0- 1 20 minu tes ) response  a r e a s  

a f t e r  i nj ec t i ons  o f  t h e  t hree  d o s e s  o f  g l u c o s e  and o n e  o f  s a l i n e  a r e  

shown i n  F i gures  4 . 3-4 . 5 .  Plasma insul i n  and glucose concen t ra t i on s  i n  

HBI and LBI he i f e r s  were  n o t  a f fe c t ed by t h e  i n j e c t i ons  o f  s a l i ne b u t  

i n c r eased s igni f i can t ly ( P <0 . 05 )  in  a l l  h e i fers a f t e r  each g l u c o s e  

i nj ec t i on . 

P lasma glu c o s e  concen t ra t i ons were s l i gh t ly highe r from 4 t o  1 2  

m i nu t es pos t ch a l l e nge i n  the  HBI he i fe r s  t han i n  the  LBI h e i f e r s  and 

then dec reased m o r e  q u i ckly to a l ower  l e v e l  ( P<0 . 1 )  f rom 30 t o  1 2 0  

m i n u t es a f t e r  t h e  glucose inj e c t i ons ( F igure 4 . 3 ) . The s i g n i f i can t 

l i n e  x dose  i n t er a c t i ons ( P<0 . 05 )  i n  plasma glucose concen t ra t i on a t  

50 , 90  and 1 2 0  m i n u t e s  a f t er glucose chal lenges r e f l e c t ed a h i gh e r  

c o n c en t r a t i on o f  g l ucose  in  the  H B I  l i n e  t han the LBI l i ne  f o l l ow i ng 

s a l i ne i nj e c t i o n  whe r eas t h e  order  was reve rsed f o l l ow i ng t he g lu c o s e  

i n j e c t i ons . The magn i t ude o f  t h e  be tween - l i ne d i f fe rences i n  g l u c o s e  

concen t ra t io n  increased wi th  i n cr eas ing d o s e s  of  glucos e .  
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breed ing i ndex ( * ---* ) and 8 low breed i ng i ndex ( o -- - o )  h e i f e r s  

t re a t ed wi th  p roge s t e rone CIDRs . ( L= s e le c t i on l i ne e f f e c t ,  0= 
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T h e  analys i s  o f  gluco s e  k i ne t i cs a f t e r  gluc o s e  i nj ec t i ons  revealed 

t h a t  the glucose concen t ra t i on a t  t i me zero , C0 ( es t ima t ed by back 

e x t rapola t i o n )  and the glucose e l i m i na t i on ra t e  c ons t an t , k ,  were  

g r e a t e r  ( bo t h  P <O . OS )  f o r  the  HBI  group  than for  t h e  LBI  group  ( Tables  

4 . 3a and  4 . 3b ) . The  f lu c t ua t i on i ndex o f  glucose concen t ra t i on 

f o l lowing glucose i nj e c t i on was also  g r e a t e r  i n  t h e  HBI  group t han i n  

t h e  LBI  group ( P <0 . 10 ) , whe reas the  v olume o f  glu c o s e  d i s t r i bu t i o n , Vd , 

t h e  d i s t r i bu t i on coe f f i c i en t s , 6, and the hal f - l i f e ,  t 1 1 2 , o f  glucose  

i n j e c t ed were  grea t e r  ( P<O . OS )  i n  LBI  he i fers  t han i n  the  HBI h e i f e r s . 

The e l i m i na t i on ra t e  c on s tan t , k ,  and the hal f- l i f e , t 1 1 2 , o f  

i nj e c t ed glucose were  n o t a f fe c t ed by the glucose  d o s age ( Ta b l e  

4 . 3a - b ) , bu t t h e  d i s t r i bu t i on vo lume , Vd , and the d i s t r i bu t i on 

c oe f f i c i en t , 6, were grea t e r  following the s m a l l e r  doses  o f  gluco s e  

( P <O . OS )  whereas the glucose  c on c en t r a t i on a t  t i me  z e ro ,  C 0 , i n c reased 

w i t h  increas i ng d os e . 

The maxi mum insu l i n  concen t ra t i ons were o b s e rv ed f rom 8 t o  1 2  

m i nu t es f o l l ow i ng each glucose  challenge . Pre-chall enge i nsul i n  leve l s  

w e r e  marg i n a l ly h i gher ( P<0 . 10 )  i n  HBI than i n  LBI he i fe r s , and t h e  

p o s t - chal lenge d i f ference  was s igni f i can t ( P<O . OS )  f rom 4 t o  1 2  and a t  

9 0  m i nu t e s  f o l l owing t h e  glucose chal lenges ( F i gure 4 . 3 ) .  The peak 

i ns u l i n  c o n c en t ra t i o n  o f  HBI he i fers  was approx i ma t e ly 100% h i gher than 

t h a t  of the LBI he i f e r s  for each dose of glucos e ,  a nd the  acu t e  and 

t o t a l  i nsul i n  r esponse areas were g rea t e r  ( bo t h  P < O . OS ,  F i gure  4 . 4 ) i n  

t h e  HBI h e i f er s  than i n  the  LBI he i fers . 

Fur t h e rmo re ,  the analys i s  o f  the  data , based o n  the few doses  o f  

g l u c os e  challenge , showed that  the HBI hei f e r s  h ad grea t e r  Vmax t han 

d i d  the LBI  he i fers ( 10 1  � 2 1  V S  3 9  + 14  ng/ml / m i n , P <O . OS ) , whe r eas 
-

t h e  Km w e r e  s i m i lar  i n  t h e  two l i ne s  ( 1 5 2  + 1 4 0  VS 62  + 386  mg/d l / m i n ,  
- -

P > O . OS ) . 



Table  4 . 3a Means and s t andard errors  ( SE )  f o r  v a r i ous par ame t e rs 
des c r i b i ng gluc o s e  d i sappearance a f t e r  glucose i nj ec t i ons  o f  
7 5 ,  1 50 and 300 mg/kg hr t i n  8 HBI and 8 LBI he i fe r s . 

8 7  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I HBI I LBI I 
7s�g/kgliso�g/kgl3oo�g/kgT7s�g/kgT15o�g/kgT3oo�g/kgT 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Concen t r a t i on o f  
Glucose  a t  t =O 

Mean ( mg/dl ) 
S . E .  

E l i mina t i on 
R a t e  c on s t an t  
Mean ( %/ m i n ) 
S . E .  

F lu c t ua t i on 
i ndex ( p3 )  
Mean 
S . E .  

D i s t r i b u t i on 
Volume Vd 
Mean 
S . E .  

( l )  

D i s t r i bu t i on 
Coe f f i c i en t  fj 
Mean ( l !kg ) 
S . E .  

Hal f - l i f e . \t� 
Mean ( m1 n  ) 
S . E .  

k 

48 . 94 
1 . 8 9 

0 . 042  
0 . 06 1  

-0 . 1 8 
0 . 1 0 

20 . 1 2 
0 . 64 

0 . 1 5 5  
0 . 006 

1 8 . 6 2 
2 . 3 9 

102 . 65 1 9 5 . 7 3 4 1 . 7 2 9 3 . 6 7 1 8 1 . 3 3  
2 . 40 3 . 3 2 2 . 10 3 . 20 6 . 5 2 

0 . 035 0 . 033 0 . 02 6  0 . 02 7  0 . 02 6  
0 . 003 0 . 002 0 . 004 0 . 003 0 . 00 1  

0 . 1 2 0 . 86 0 . 01 0 . 09 0 . 04 
0 . 1 1  0 . 05 0 . 04 0 . 1 2 0 . 42 

19 . 08 20 . 00 24 . 66 2 1 . 8 1 2 2 . 55 
0 . 39 0 . 4 1 0 . 84 0 . 54 0 . 6 3 

0 . 1 4 7  0 . 1 54 0 . 1 83 0 . 1 6 2  0 . 1 6 7  
0 . 003 0 . 002 0 . 010  0 . 005 0 . 006  

2 1 . 46 2 1 . 55 30 . 26 2 7 . 1 3  2 7 . 1 2 
2 . 46 1 . 58 4 . 1 7 2 .  7 7  1 . 08 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Table  4 . 3 b S i gni f i cance o f  s e le c t i on l i n e , and  dose of  glucose  
i nj ec t ed and l i ne x dose  e f fec t s  on  parame t e r s  des c r i b i ng 
glucose d i s ap pearance curves f rom t h e  plas ma f o l l owing  
glucose inj e c t i ons of  0 ,  75 , 150 and 3 00 mg/ kg lwt  i n  8 

HBI and 8 LBI he i fe r s . 

E l i mina t i on r a t e  cons t an t 
k ( mg/d l l mi n )  

F l u c t ua t i on i nd ex p3  

Concen t ra t i on of  glucose 
at  t =O ( mg / d l ) 

Volume d i s t r i bu t i on Vd . 
( l )  

D i s t r i bu t i o n  c o e f f i cen t D .  
( 1 /kg) 

Hal f -l i fe t 1 / 2  (mi n )  

+ :  P <O . lO ;  * :  P <0 . 05 ;  ** :  P<O . O l 

L i ne 

* 

+ 

* 

*** 

* *  

* 

Dose  L i nexDose 

* * 

* *  

* 

* 
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F i gure 4 . 4  ( Upper pane l )  Rela t i ons h i p  between the acu t e  ( 0 - 1 2  m i n )  

i nsul i n  response area and the acu t e  ( 0 - 1 2  m i n )  glucose s t i mulus 

area above p re-chal l enge levels i n  8 h igh breed ing i ndex ( *--* ) 

and 8 low breed i ng i ndex ( o- - o )  hei fers . From le f t  t o  r igh t t h e  

glucose s t i mulus areas corres pond t o  glucose doses o f  0 ( s al i ne ) , 

7 5 , 1 5 0  and 300 mg/ kg lw t .  
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F i gure 4 . 4  ( Lower panel ) Rela t i ons h i p  be tween the t o tal ( 0- 1 20 m i n )  

i n s u l i n  res ponse area and the to tal (0- 1 20 m i n )  glucose s t i mulus 

area above p re- chal l enge levels in  8 h igh b reed ing i ndex ( *--* ) 

and 8 low breed ing i nd ex ( o--o ) he i fers . From le f t  t o  r igh t t he 

glucose s t i mulus areas correspond t o  glucose doses o f  0 ,  7 5 ,  1 50 

and 300 mg/kg lw t .  
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2 )  I nsul i n  challenge : Plasma insul i n , glucose and NEFA concen t ra t i ons 

a f t e r  insul i n  i nj ec t i ons are shown i n  Figu res 4 . 5-4 . 6 .  

Pre- chal lenge plasma insulin concen t ra t i on was sligh t ly h i gher i n  

t h e  HBI h e i fers than i n  t he LBI hei fers and i nsul i n  challenge ( 1  �g/ ml ) 

i nc r eased the  d i f fe rence t o  a s ign i f i can t level ( P <O . OS )  a t  1 6 , 40 , 6 0  

a n d  7 5  m i nu tes a f t e r  t he chall enge . The ana lys is o f  i nsu l i n  

d i sappearance ( Table 4 . 4 ) showed that i nsul i n  elimina t i on r a t e  

cons tan t , k ,  and me t abo l i c  clearance ra t e ,  C ,  were g rea t e r  i n  t h e  LBI 

h e i fers t han i n  HBI h e i fers ( by 14% and 1 1 % res pec t ively ) , whereas t he 

half  li fe , t 1 1 2 , o f  t he inj e c t ed insulin  and basal insul i n  

p r oduc t i on/secre t i on ra t e s , S ,  were grea t e r  i n  t h e  HBI group t han i n  

t h e  LBI group ( by 26% and 64% respec t i vely ) . However , none o f  t hese 

d i f ferences was sign i f i can t ( P>O . OS ) . 

Sa l i ne inj e c t i on d i d  n o t  a f f e c t  plasma glucose concen t ra t i ons , 

whe r eas the decrease i n  plasma glucose level was i nsulin  dose-de pendent  

( P <O . OS ,  Figure 4 . 6 )  f rom 4 t o  1 20 m i nu t es after  the i nsul i n  

chal lenges . N o  sign i f i can t  e f f e c t s  of  selec t i on l i ne o r  l i ne x dose  

i n t e rac t i ons on  plasma glucose concen tra t i on we r e  observed a f t e r  t he 

i ns u l i n  challenges . 

Table 4 . 4  Means and s t andard errors f o r  va r i ous i nsul i n  parame t e r s  
des c r i b i ng t he i nsulin d i sa�pearance cu rves a f t e r  i nsul i n  

i nj ec t i on o f  1 ).Jg/kg lwt 1 n  8 HBI and 8 LBI hei fers . 

HBI LBI 

Basal �lasma 
0 . 65 + 0 . 1 4 0 . 40 0 . 08 insuhn ( ng/ml)  + 

-

Elimina t i on 
rate cons t an t  k 
( f rac t i on / m i nu t e ) : 0 . 1 1 1  + 0 . 0 1 4  0 . 1 2 7  + 0 . 0 1 0  

- -

Total d i s t r i bu t i on 
s pace ( 1 ) : 8 . 1  + 0 . 6 1 7 . 9  + 0 . 62 

Di s t r i bu t i on 
coe f f i c i en t  ( ml/kg ) : 6 1  + 4 58 + 4 

- -

Half-l i fe ( m i nu t es ) : 7 . 2  + 1 . 2  5 . 7  + 0 . 5  
- -

Metabo l i c  clearance 
ra t e  ( ml / m i n / kg) : 6 . 4  + 0 . 6  7 . 1 + 0 . 4  

- -

Basal s e c re t i on rate 
( ng/kg/m i n ) : 4 . 55 + 1 . 4  2 . 7 6 + 0 . 5  

- -
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Figure 4 . 5  Plasma concen t ra t i on s  o f  insul i n  a f t e r  t he i nj e c t i o n  o f  

i n s u l i n  ( 1  �g/kg )  a t  t i me  0 i n  8 h i gh breeding i ndex ( *---* ) and 8 

low breeding i ndex ( o---o ) he i fe r s  t re a t ed w i t h  proge s t e rone  

CIDRs . ( L= s e le c t i on l i ne e f f ec t , PSE=pooled s t andard e r r o r  o f  t h e  

mean . *=P<O . OS ,  a=P<O . O l )  
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The response t o  the i nsul i n  cha l lenges , a s  measured b y  t h e  p l asma 

c o n c en t r a t i on of  NEFA , appeared t o  be b i phas i c  for each d o s e , i nc lu d i ng 

t h e  s al i ne c on t ro l . The i n i t i al r i s e i n  p lasma NEFA was r ap i d  and 

f o l lowed by a d e c l i ne in concen t ra t ion  in all  he i fers . P lasma NEFA 

t h e n  s t a r t ed  t o  i ncrease aga i n  40 m i nu t es a f t e r t he challenge . The 

d o s e  e f f ec t s  o f  insulin  on  p lasma NEFA were s igni f i can t ( P <O . OS )  a t  30 

and f r o m  50 t o  120  minu t es a f t e r the  challenge , ma i n ly due to the  very 

h i gh NEFA concen t r a t ions deve l o ped in  t he he i f ers  wh i ch rece i ved the 

h i gh d o s e  of  i nsul i n .  P l asma NEFA concen t ra t i ons  were n o t a f fe c t ed by 

s e l e c t i on l i ne . The s i gn i f i can t l i ne x dose i n t e rac t i on ( P <0 . 05 )  i n  

p la s ma NEFA a t  30 minu t e s  a f t e r  i nsul i n  challenge may have o c cu r r e d  by 

chance as there  was no c on s i s t en t  rela t i onsh i p  be tween d o s e  o f  i n s u l i n  

and magn i tude o f  t he l i n e  d i f ference . 

IV . DISCUSSION 

Th i s  exp e r i ment  exami ned t he changes i n  basal concen t ra t i on s  o f  

p l asma me tabo l i t e s  and h o rmones over a 6 hour i n t ens ive samp l i ng pe r i od 

and t he responses , t o  var i ous  doses o f  glucose and insul i n ,  o f  the  HBI 

and LBI he i f e r s  t reated wi t h  p roge s t erone . 

The  gala c t o po i e t i c  e f fe c t  i n  lac t a t i ng c ows o f  bovi ne GH e i the r 

d e r i ve d  from the  p i t u i t a ry gland o r  by means o f  gene t i c  eng i n ee r i ng i s  

wel l  known ( s e e  review by M cCu t cheon and Bauman 1 9 84 ) . The r e f o r e  i t  i s  

o f  i n t e res t t h a t  higher concen t ra t i ons  o f  GH were repo r ted  i n  ca t t le o f  

h i gh gene t i c  mer i t  than i n  c a t t le o f  l ow gene t i c  me r i t  ( Barnes e t  al  

1 98 5 ; Kazmer et  al . 1 98 6 ; Lukes e t  al . 1 9 8 8 ; Macken z i e  et  a l . 

1 9 8 8 ; X i ng e t  al . 1 9 88 ) . This  GH d i f ference , howeve r ,  was no t a l ways 

p e r s i s t en t  in young calves ( X i ng et al . 1 988 ; Macken z i e  e t  al 1 9 8 8 ) 

n o r  was i t  s ign i f i can t i n  h e i fers ( Chap ter  3 ) , l a c t a t ing cows ( F l ux e t  

a l . 1 98 4 )  f rom the  two l i nes  a t  Massey Un ivers i ty .  A p o s s i ble reason 

for  the  f a i lure  to  de t e c t  d i f ferences be tween the two  Mas s ey Un i v e r s i ty 

l i n e s  was tha t t he samp l i ng reg i me f o r  meas u r i ng GH concen t ra t i on was 

i nadequ a t e  for de t ec t i ng a pulsa t i l e pa t t e rn of re lease . The r e s u l t s  

p resen t ed i n  F igure 4 . 1  and Table 4 . 2  i nd i ca t e , howeve r ,  t ha t  even w i t h  

a s amp l i ng regi men a t  1 0-minu t e  i n t erval s , the  d i f f e r ence  i n  GH 

c o ncen t ra t i o n  be t ween t he HBI and LBI he i f ers was no t s i gn i f i can t . I t  

i s  s t i l l  p os s i ble , a l though u n l ikely , tha t d i f f erences  i n  GH 
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c on c en t ra t i on be tween t he l i nes we r e  m i s sed because t he i n t en s i v e  

s am p l i ng p e r i od was t oo s ho r t  ( i . e .  6 hours ) .  

The h i gh GH concen t ra t i on i n  lac t a t i ng cows o f  high gene t i c  mer i t 

( Barnes e t  al . 1985 ; Kazmer e t  al . 1986 ; Lukes e t  a l . 1 9 8 8 ) may 

r e f le c t  a g rea t e r  ene rgy d e f i c i t  caused by i nc reased m i lk p roduc t i o n  

r a t h e r  than be i ng t h e  e f f e c t o r  o f  i n c reased m i lk produ c t i on .  Ene rgy 

d e f i c i t such as that b rough t abou t by fas t i ng and und ernu t r i t i on i s  

e f fe c t ive  i n  eleva t i ng b l o o d  GH concen t ra t i on i n  many spe c i es i nclud i ng 

rumi nan t s  ( Har t 1 98 1 ; McDowe l l  1 9 8 3 ) . A l t h ough the s e l e c t i on l i n e  

d i f f er en c e s  i n  p lasma G H  c o n cen t r a t i on have no t been demons t ra t ed i n  

t h e  h e i f e r s  o f  t he presen t s tudy even w i th t he adop t i on o f  d i f fe r e n t  

ene rgy balance ( Chap t e r  3 ) , i t  i s  s t i l l po s s i b l e  t h a t  t h e  l i ne e f f e c t  

o n  p lasma G H  i s  con f i ne d  t o  a par t i cular  range o f  phys i o l og i cal s t a t u s , 

a s  s ho r t - t e rm fas t i ng i nduced a grea t e r  eleva t i on i n  plasma GH leve l i n  

HBI  bull  c alves ( Macken z i e  e t  a l . 1 9 88 ) . An a l t e rnat ive  t o  meas u r i ng 

GH c o ncen t ra t i on i s  t o  measure IGF-1 concen t ra t i on s i nce i t  i s  l e s s  

v a r i a b l e  i n  b lood and i t s prod uc t i on i s  s t i mu l a t ed b y  GH . Howev e r , 

s i nce  p l asma concen t ra t i ons  of  IGF-1 were no t d i f f e ren t b e t ween the  t w o  

l i nes o f  y oung bul ls  ( Ma ckenz i e  e t  a l . 1988 ) t h i s  a l s o  suppo r t s  t h e  

v i ew t h a t  GH secre t i on i s  s im i lar i n  t he t w o  l i nes . 

The l ower ( P <0 . 10 )  p l asma urea concen t ra t i ons , dur i ng t he 

pos t -a b s or p t ive pe r i od , i n  the HBI than i n  t h e  LBI he i f e r s  were  

c on s i s t e n t  wi t h  earl i e r  r e sul t s  ( Chap t e r  3 ) . Lower plasma urea 

c oncen t ra t i ons i n  h i gh gene t i c mer i t calves were a l s o  o b s e rved when t h e  

animals  were fas ted f o r  a f ew d ay s  ( T i lakara t ne e t  al . 1 980 ; Sej r s e n  

e t  a l . 1 9 8 4 ; S i nne t t - Smi t h  e t  a l . 1987 ) .  Such a d i f f e rence i n  

p lasma u re a  concen t ra t i on was a t t r i bu t ed by T i l akara tne e t  a l . ( 1 9 8 0 )  

t o  a l ower degrada t i on r a t e  o f  body pro t e i n  t o  supply ene rgy i n  t he 

h igh gene t i c  mer i t  c a t t le dur i ng ene rgy d e f i c i t .  However , t he 

o b s e rva t i on t h a t the  s i ze and t he s i gn o f  t h e  d i f ferences in plasma 

u r e a  c o n c en t ra t i ons var i ed over the day ( Chap t er 3 )  led  t o  t h e  

a l t er na t i v e  hyp o the s e s  t h a t  there  may  be d i f f e rences  b e t ween the two 

l i nes  i n  urea pool  s i ze or in i nges t i ve / d i ges t ive func t i on .  The s e  

hypo t he s e s  a r e  addressed  i n  Chap t e r  5 .  
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Neg a t i ve gene t i c  c o r r e la t i ons be tween p lasma c rea t i n i ne and m i l k  

y i e ld h a v e  b e e n  p rev i ou s ly repor t ed f o r  lac t a t i ng c ows ( Pe t e r s o n  e t  a l . 

1 9 8 2 ; M a  e t  al . 1 9 8 5 ) . The e f f e c t  o f  gene t i c  s e lec t i on f o r  m i lk f a t  

y i eld o n  p lasma crea t i n i n e  concen t ra t i on was apparent  i n  t h i s s t udy . 

Un l i ke p lasma urea wh i ch i s  i n f luenced t o  a la rge ex t en t  by d i e t ary 

n i t r ogen i n t ake , plasma c r ea t i n i ne i n  an i mals  f ed a c r ea t i n i ne- free  

d i e t  ( s u c h  as i n  this  expe r i men t )  originates  f r o m  endogenous p r o t e i n  

d egrada t i on ( W a t e r l ow 1 9 69 ) . Thus , the crea t i n i ne d i f f e rence be t ween 

t he two  l i nes  may p r ov i de fur t he r  evi dence suppo r t ing the  c on c e p t tha t 

body pro t e i n  d egrada t i on i n  t he pos t -abs o r p t i ve period  occurs  t o  a 

l e s s e r  e x t en t  in t he h i gh t han i n  the low gene t i c  me r i t  ca t t le 

( T i laka r a t ne e t  al . 1 9 80 ) . Howeve r ,  d i f f e rences i n  plasma c r ea t i n i ne 

concen t ra t i on may have a l s o  reflec t ed a d i f fe r ence i n  body pro t e i n  mas s 

o r  a d i f f e r en c e  i n  r a t e  o f  ki dney excre t i on ( Wa t e r low 1 9 6 9 ) be t ween t h e  

t wo l i n e s . Var i a t i on i n  e x t racel lular crea t i n i ne d i s t r i bu t i on may a l s o  

b e  a plau s i ble mechan i sm for  the observed d i f f eren c e .  

G re a t er p lasma i n s u l i n  concen t ra t i ons i n  s e l e c ted t han i n  con t r o l  

d a i ry c a t t le have been prev i ou s ly observed ( cows : Flux e t  a l . 1 9 8 4 ; 

c alves : X i ng e t  al . 1 9 8 8 ; bulls : Mackenz i e  e t  a l . 1 9 88 ) . Howeve r , 

p l asma i ns u l i n  concen t ra t i ons were found t o  be lowe r in the HBI he i fe r s  

t han i n  LBI  h e i fers a f t e r f eed i ng ( Chap t e r  3 ) . T h e  la t t e r  r e su l t  may 

be due t o  a pos s i b l e  e f fe c t  o f  s t age o f  t h e  oes t rous cycle  a s  

d emons t r a t ed b y  McCann a n d  Re imers ( 1 98 6 ) . I n  t h e  presen t s t udy , t he 

p o s s i b le e f fe c t s  o f  o e s t r ous cyc l i ng were c o n t r o lled by proges t e rone 

t rea tmen t . Basal p l a s ma i nsul i n  c oncen t ra t i ons were s l i gh t ly grea t e r  

i n  t he H B I  than i n  t h e  LBI hei f e r s , and the d i f f e r ences were i nc reased 

f o l l ow i ng each o f  t he glucose chal l enges ( P <0 . 0 1 ,  F i gure 4 . 3 ) . Th i s  

r e s u l t  c o n f i rms the  s ugge s t i o n  that  d i f fe r ences i n  plasma i nsul i n  

m e t abol i s m  be t ween the  two lines are  gene t i cally d e t ermi ned ( Flux e t  

a l . 1 984 ; Mackenz i e  e t  al . 1988 ; Xing e t  al . 198 8 ) .  I n  t h a t  t he 

a c u t e  r e l e ase o f  i nsul i n  f o l low i ng glucose inj e c t i on i s  a val i d  measu r e  

o f  pancr ea t i c  i nsu l i n  s e c re t i on ( McCann e t  al . 1 98 7 ) ,  and s i nce  t he 

v o l umes o f  i nsul i n  d i s t r i but ion , e s t i ma t e d  f rom i nsul i n  d i s ap p earance , 

were  s i m i l a r  be tween t h e  two l i nes  ( Table 4 . 4 ) , t he g r ea t e r  i nsul i n  

l evel i n  t h e  HBI he i fe r s  a f t e r  glucose chal lenge was apparen t ly d u e  t o  

a more a c t i v e  secre t i on / p r oduc t i on o f  i ns u l i n  by t h e  panc reas i n  t h i s  

g r oup . 
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I t  i s  well es t ab l i shed t h a t  hype r i nsul i naemi a  causes  " d own 

regu l a t i on "  o f  i n s u l i n  recep t o r s , prima r i ly due to i ncreased r e ce p t o r  

d egrada t i o n  o r , i n  s ome cases , due t o  decreased insul i n  b i nd i ng . The r e  

i s  a l s o  ev i d ence t h a t t he down regula t i o n  may i nvo lve pos t - re c e p t o r  

even t s  ( Ko l t e rman e t  a l . 1 98 1 ; Ole fsky and C i arald i 1 9 8 1 ) .  I n s u l i n  

r es i s t ance  assoc i a t e d  w i th hype r i ns u l i naem i a  has  been d emons t ra t e d  i n  

obese h e i f e r s  and sheep  ( McCann and Reimers 1 98 5 b ,  1 98 6 ; McCann e t  a l . 

1 98 7 ) . Therefor e , t h e  hyper i n s u l i naemia a f t e r glucose challenge i n  t h e  

HBI h e i f e r s  may h a v e  been ass o c i a t ed wi t h  a s t a t e  o f  i ns u l i n  

res i s t ance , thus requ i r i ng a grea t e r  amoun t o f  ins u l i n  t o  c lear  t h e  

same g lu c o s e  l oad . The h i gher p lasma i n s u l i n  c oncen t ra t i o n , b u t  

s i mi l a r  glucose concen t ra t ion , i n  HBI he i f e r s  c ompared wi th LBI he i fe r s  

a f t e r  t he i nsul i n  i n j e c t ion ( F i gure  4 . 5 ) suppor t s  t h i s  no t i on .  Grea t e r  

plasma i n s u l i n  concen t ra t i ons f o l lowing i nsul i n  inj e c t i ons  we re a l s o  

o b s e rv e d  i n  t h e  h i gh gene t i c  me r i t  ca t t le b y  Barnes e t  al . ( 1 985 ) . 

The  l ower p lasma glucose concen t ra t i on and gre a t e r  ra t e  o f  g l u c o s e  

d i s a p pearance f r o m  b l o o d  ( k )  i n  the HBI t han in the LBI he i fe r s  

f o l l ow i ng glucose chal l enges ( F i gure 4 . 3  and Table 4 . 3 ) may have 

r e f le c t ed an inc reased glucose d i s pers i o n  i n t o  the  t arge t t i ss u e s , 

p r i ma r i ly l i ve r ,  mus c le and adi pose t i s sue ( Be rgman 1 98 3 )
b 

i n  t h i s  

group . The enhanced hype r i ns u l i naem i a  wou ld have had a s t i mul a t o ry 

e f f e c t on glucose d i s ap pearance i n  the HBI he i fers . I t  i s  i n t e re s t i ng 

t o  n o t e  tha t gluc o s e  d i s t r i bu t i on s pace ( Vd )  was smaller  i n  t h e  HBI  

h e i f e r s  t han i n  t h e  LBI  hei f e rs ( Tabl e 4 . 3 ) . Smal ler  d i s t r i bu t i on 

could have favoured t he i n i t i al glu c o s e  e l i m i na t i on f r o m  t he 

c i r cu l a t i on ( presumably i n t o  u r i n e )  i n  t he HBI he i f ers , e s p e c i al l y  i n  

t ho s e  r e c e i v ing h igh d o s es . 

The grea t e r  degree o f  fluc t ua t i on i n  plasma glucose concen t ra t i on 

( p 3 )  i n  the  HBI h e i f e rs a f t e r  glucose challenge may be the r e s u l t a n t  

e f f e c t o f  hype r i ns u l i na em i a  i n  t h i s  group . Fluc t ua t i ons  i n  b l o o d  

me tabo l i t e  concen t r a t i ons , espe c i ally glucos e , a r e  known t o  be g re a t e r  

a t  f e e d i ng when i n s u l i n  release i s  s t i mu l a t ed ( Chap t ers 3 and 5 ) , due  

t o  t h e  feedback regu l a t ory mechan i sms be t ween i ns u l i n  and the  a b s o rbed 

nut r i en t s . Os c i l la t i on s  o f  basal plasma glucose  i n  man and dog have 

been f ound t o  be t he e f fe c t  of pu lses  of hepa t i c  glucose o u t p u t  

( An d e r s o n  e t  al . 1 9 6 7 ; Lang e t  al . 1 9 8 1 ) ,  wh i ch may be a m o r e  
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releas e . Al t e rna t i vely , t he grea t e r  

concen t ra t i on may also r e f l e c t t h e  fluc t ua t i ons  i n  p la s ma 

en t ra i nmen t , by t h e  

i n  t h e  H B I  he i fe r s . 

sus t a i ned hyper i nsul i nm i a ,  o f  glucose u t i l i za t i o n  

T h e  apparen t ly smaller glucose d i s t r i bu t i on vo lume i n  t h e  h e i f e r s  

rece i v i ng t h e  large s t glucose  dose may be a r e f le c t i on o f  an i n c reased  

e l i m i n a t i on ra t e  of  glucose  via  the ki dney r a ther than d i s t r i bu t i o n  

i n t o  t a rge t t i s sue s . Th i s  rap i d  loss  o f  glucose t o  u r i ne c a n  i n c r e a s e  

the v a l ue o f  e l i m i na t i o n  ra t e , k ,  and the glucose c oncen t ra t i on a t  t i m e  

zero , C 0 , t hus lead i ng t o  und eres t i ma t es o f  glucose d i s t r i bu t i on . I t  

i s  n o t  clear i f  t h e  d i f ferences i n  glucose d i s t r i bu t i on volume b e t we e n  

the t w o  selec t i on l i nes were a l s o  a f fe c t ed i n  a s i m i lar manne r . 

I n  summary , t h i s  expe r i ment  showed grea t e r  basal concen t ra t i on s  o f  

plasma urea and c r e a t i n ine i n  t he LBI he i f ers  t han i n  t he HBI h e i f e r s , 

whereas the  d i f f e rences were n o t  s i gn i f i can t f o r  o t her me tabo l i t e s  and 

ho rmon e s . Sign i f i can t d i f f erences be tween the l i nes were a l s o  o b s e rved 

i n  panc rea t i c  i ns u l i n  secre t i on i n  response t o  glucose  challenge , 

i r r e s p e c t i ve o f  t h e  glucose dos e . Glucose d i sappearanc e  ra t e s  a f t e r  

glu c o s e  challenge were also s ign i f i can t ly a f f e c ted by sel e c t i o n  l i n e  i n  

tha t t h e  d i s t r i bu t i on s pace was smaller  and r emoval o f  glucose f ro m  

blood was more rap i d  i n  the HBI group . N o  s i gn i f i can t d i f ferences  were  

observed be tween t h e  l i nes i n  the res ponses of  plasma glucose  and  NEFA 

concen t ra t i ons t o  t h e  i nsul i n  challenge . Thu s , c on t ro l  o f  o e s t rous  

ac t i v i t y  by proge s t e r one t reatmen t may have allowed the expres s i on o f  

d i f f e r ences  be t ween t h e  HBI and the LBI he i fe r s  i n  pancrea t i c  i ns u l i n  

releas e ,  glucose d i s t r i bu t i on and glucose removal i n  res ponse  t o  

glu c o s e  challenges i n  a dos e - i ndependen t manne r .  



CHAPTER FIVE : PHYSIOLOGICAL DIFFERENCES BETVEEN HIGH BREEDING INDEX 

AND LOV BREEDING INDEX FRIE SIAN HEIFERS TREATED VITH PROGESTERONE : 

DIURNAL PATTERN OF PLASMA METABOLITE AND HORMONE CONCENTRATIONS , 

RESPONSES TO METABOLIC CHALLENGES ,  SIZE OF BODY FLUID COMPARTMENTS ,  

AND RATES OF EATING 
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CHAPTER F IVE : Phys i ol og i cal d i f f e rences be tween h i gh b r e e d i ng 

i ndex  and low b r eeding i ndex Fr i e s i an h e i f e r s  t re a t ed wi t h  

p r oges t er on e : D i urnal pa t t erns o f  plasma me t aboli t e  and h o rmone 

c o ncen t ra t i ons , res p onses to me t abo l i c  challenges , s i z e  of  body f l u i d  

compar t m en t s , a n d  r a t es o f  e a t i ng 

AB STRACT 

I n  t h i s e x pe r i men t , va r i ous  phy s i ologi cal parame t e r s  o f  8 HBI  and 

8 LBI year l i ng h e i f e rs , t re a t e d  wi t h  proge s t erone-CIDRs , were compared 

i n c l ud i ng : a )  d i urnal pa t t e rns o f  pl asma c oncen t ra t i ons  of  me t abol i t e s  

and ho rmones ; b )  vo lume o f  body f l u i d  c ompa r t men t s ; c )  i nges t i ve 

behav i ou r  i n  t e rms o f  ra t e  o f  eat i ng ;  d )  l i po ly t i c  and glycogenoly t i c  

r e sponses t o  adrenal i ne chall enge a t  vari ous t i me s  a f t e r  f ee d i ng and 

fas t i ng ; e)  me t abo l i c  res ponses to f as t i ng and r e f eed i ng ;  and f )  

pancrea t i c  i ns u l i n  r elease and glu cose  d i sappearance a f t e r  glucose  

cha l l enge be f o r e  and 46  h a f t e r  the  wi thd rawal o f  

p roges t e rone- i mpregnated CIDRs . 

S igni f i can t e f fe c t s  o f  s e l e c t i on l i ne  were 

p l asma concen t r a t i on s  of glucose , urea , and 

h e i f e r s  mai n t a i n i ng grea t e r  glucose b u t  lowe r 

levels . P l asma glucagon concen t r a t i ons a t  

observed on d i urnal  

c r ea t i n i ne , w i t h  HBI  

u rea and  c r ea t i n i ne 

the ons e t  o f  

f e e d i ng/refeed i ng were s i gn i f i c an t ly grea t e r  i n  HBI he i fe r s  t han i n  LBI 

h e i fers . The d i s t r i bu t i o n  volumes o f  urea ( t o t a l  body wa t e r ) ,  Evans 

b lue ( T 1 8 2 4 )  ( plasma volume ) and t h i o cyana t e  ( ex t ra c e l l u l a r  f l u i d  

volum e )  were s i m i l a r  be t ween the l i nes . Ra t e  o f  ea t i ng ( fe ed 

e a t en / un i t  t i me ) 

t h e  HBI he i fe r s  

was s i gn i f i can t ly grea t e r  i n  t he LBI h e i f e r s  t han i n  

o n  the f i rs t  d ay o f  measurement , bu t was only 

marg i n a l ly grea t e r  a t  subsequent o c c as i ons . In add i t i on ,  the r a t e  o f  

e a t i ng f e l l  s i gn i f i can t ly i n  the LBI but  n o t  i n  HBI he i fe r s  2 8  hou r s  

a f t e r t he wi thd r awal o f  proges t e rone-CIDRs . 

The magn i t ud e  o f  

adrena l i ne chal lenge 

l i po ly t i c  and glycogenoly t i c  r e s ponses  t o  

was s i gn i f i can t ly i n f luen ced by t h e  t i m i ng o f  t h e  

chal lenge r el a t i ve t o  f e e d i ng and fas t i ng . L i poly t i c  response  t o  

a d r enal i ne was m i n i mal 7 hou rs a f t e r f e ed i ng , and max i ma l  a f t e r  7 2  

hours o f  fas t i ng ,  whe reas the rever s e  was t ru e  for glycogen o ly t i c  
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respon s e s . There were s i gn i f i can t l i ne x t i me i n terac t i ons  i n  b a s a l  

plasma NEFA concen t ra t i on .  H B I  he i f ers exh i b i t ed grea t e r  e l eva t i on o f  

NEFA levels wi t h  i n c reas ing t i me a f t e r  feed i ng . 

Fas t ing caused  a s igni f i cant  fall i n  plasma concen t ra t i on s  o f  

glucos e , urea , i n s u l i n  and glucagon , and a r i s e  i n  p lasma NEFA a n d  

crea t i n i ne concen t ra t i ons . The subsequen t re feed i ng i nd u c e d  

s i gn i f i can t r i s e s  i n  haema t o c r i t ,  p lasma c oncen t ra t i ons  o f  u r e a , 

crea t i n i ne and glucagon , but  dec reases i n  plasma NEFA and i n s u l i n  

concen t ra t i ons . These responses we re n o t  a f fec t ed by s e l e c t i on l i n e  

excep t that  glucagon c oncen t ra t i on was b r i e f ly h i gher i n  t h e  H B I  

he i f e r s  upon feed i ng .  

P r e - challenge p lasma glucose and i n s u l i n  c oncen t ra t i ons , and 

panc re a t i c  insul i n  release a f t e r  glucose cha l lenge , we re grea t e r  in  HBI  

he i fe r s  t han i n  LBI hei fers , i r respec t i ve of  t h e  p resence or  absence o f  

p roges t erone- impregn a t ed CIDRs . Plasma glucose  concen t ra t i on s  and 

glucose  d i s appearan ce r a t e s  were s i m i l a r  be tween the 

f o l l o w i ng glucose  challenge . A s i gn i f i can t l i ne x 

two l i n e s  

proge s t e r o n e  

presence /wi thd rawa l  i n t erac t i on exi s t ed in  p r e - challenge p lasma gl u c o s e  

concen t ra t i ons , w i t h  H B I  h e i fers exhi b i t ing grea t er plasma g l u c o s e  

levels a f t er the  removal o f  proges t e rone-CIDR than L B I  h e i f e r s . 

Glucose  levels were no t i n f luenced by s e l e c t i on l i ne p r i o r  t o  CIDR 

wi t h d r awal . 

T h i s  expe r i men t d emons t ra t ed phys i o l og i c a l  d i f feren c e s  be tween t h e  

HBI a n d  LBI l i nes . Approp r i a t e  man i pula t i on o f  t h e  feed i ng regi men and 

con t ro l  o f  oes t rous  a c t ivi ty  by proges t e r one may be use fu l  me t h o d s  o f  

max i m i s i ng t he express i on o f  gene t i c  var i a t i on in  t hese t ra i t s . 

I .  INTRODUCTION 

The prev i ous  i nves t iga t i ons i n t o  phys i ol o g i cal d i f f e r ences b e tween 

the  h i gh breed i ng i ndex  ( HB I ) and low breed i ng i ndex ( LBI ) h e i f e r s  

showed that  s i gn i f i can t d i f ferences exi s t e d  in  diurnal plasma u r e a  

concen t ra t i ons , l i po ly t i c res ponse t o  i n t ravenous adrenal i ne , a n d  

panc r e a t i c  insu l i n  s e c re t i on i n  response t o  a glu c o s e  chal lenge 

( Chap t er s  3 and 4 ) . The mechan i sms respon s i b l e  for  these d i f f e r e n c e s  
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and the phy s i ologi cal cond i t i ons requi red for  the i r  expres s i on were , 

however , s t i l l no t fully unders t ood . 

As d i s cussed in Chap t e r  3 ,  d i f f erences be t ween the l i nes i n  urea 

concen t ra t i o n  during the  day could be a t t r i bu t ed to,  bes i des pos s i ble 

d i f f erences i n  endogenous p r o t e i n  me t abo lism , d i f ferences i n  rates  o f  

i nge s t i on / d i ges t ion o f  d i e t a ry pro t e i n , d i s t r i bu t ion o f  urea i n  body 

c ompar t men t s  or rates of u r i nary excre t i on .  

The d i f feren t ial res ponse t o  ad renal ine chal lenge requi red fur t he r  

s t udy because d i f ferences i n  glycogenoly s i s , ra t her t han l i polys i s  

( Chap t e r  3 ) , were obse rved be tween t he same two l i nes o f  he i fers  a f t er 

adrena l i ne challenges i n  an earl i e r  repo r t  ( Br i dges e t  al . 1 9 8 7 ) .  

Th i s  d i s c re pancy may have been caused by a d i f ference in  t i m i ng o f  t he 

adrenal i ne challenges rela t i ve t o  feed i ng in  t he two s t ud i es . I n  t he 

expe r i men t descr i bed i n  Chap t e r  3 feed i ng was once da i ly and t h e  

adrenal i ne challenge was gi ven af t e r  t he he i fers  were fas ted for  1 7  

hours , whereas i n  the s t udy o f  B r i dges e t  al . ( 1 98 7 ) ,  the he i fers  we re 

fed more f requen t ly and chal lenged wh i l e t hey s t i l l had access  t o  feed . 

A s t udy car r i e d  ou t by Blum e t  al . ( 1 98 2 )  showed that  feed i ng 

d epresses , and fas t i ng enhances , t he l i poly t i c  res ponse to  adrena l i ne 

i nj e c t i on i n  cat t le . Thus t he poss i b i l i ty ex i s t s of an i n t e rac t i on 

b e tween me t abo l i c  s t a t e  ( i . e .  t i me relat ive t o  feeding )  and e f fe c t s  o f  

s e lec t i on l i ne on l i poly t i c  o r  gly cogenoly t i c  responses t o  t h e  

adrenaline  challenge . 

I nsul i n  re lease i n  res ponse t o  glucose was s i mi lar i n  t he t wo 

l i nes when oes t rous cycles were no t con t rol led ( Chap t e r  3 ) ,  but  was 

grea t e r  in HBI t han i n  LBI h e i fers when t hey were t re a t ed w i t h  

p r oges t e rone t o  preven t cycl i ng ( Chap ter  4 ) . A s t udy by McCann and 

Re i mers ( 1 986 ) demons t ra t ed tha t basal insul i n  concen t ra t i on in h e i f e r s  

var i ed a t  d i f feren t s t age o f  t h e  oes t rous 

i n t eres t t o  know whe ther  the e f fe c t  o f  

cycle . Thus , i t  was o f  

selec t ion l i ne o n  insul i n  

re lease i n  response t o  glucose i s  a f f ec ted by s t age o f  oes t rous cycle 

in these hei fers . 
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The obj e c t i ve s  o f  t h i s  exper i me n t  were therefore  t o  exam i n e  

var i a t i on be tween t h e  t wo s e le c t i on l i ne s  o f  h e i fers  i n  t h e  f o l l ow i ng 

aspec t s : 1 )  i nge s t i v e  behav i ou r  i n  t erms o f  e a t i ng r a t e ; 2 )  d i u r n a l  

c hange s  i n  b l o o d  me t abo l i te and hormone concen t ra t i ons , w i t h  par t i c u l a r  

r e ference  t o  t h e  e f f e c t s  o f  feed i ng ;  3 )  v o l ume o f  the  d i s t r i bu t i on 

s paces  f o r  urea and o t h e r  markers o f  body f lu i d  compar t men t s ; 4 )  

e f fe c t  o f  feed i ng and f as t i ng on  l i po ly t i c /gly c ogenoly t i c  r e s p o n s e s  t o  

adrenal i ne ;  and 5 )  pancrea t i c  i nsul i n  r e lease  i n  response t o  g l u c o s e  

cha l l enges dur i ng p roge s t er one t re a t men t and a t  subs equen t oes t rus . 

I I . MATERIALS AND METHODS 

1 .  An i mals  and Managemen t 

S i x teen 1 2  mon t h  o ld F r i es i an h e i fers , 8 b o rn t o  paren t s  o f  h i gh 

bree d i ng i ndex ( HBI ) and 8 born t o  paren t s  o f  l ow breed i ng i ndex  ( LBI ) ,  

were used  i n  t h i s  expe r i men t .  They o r i g i n a t e d  from the s ame l i n e s  a s  

those u s e d  i n  e a r l i e r  s t ud i es ( Chap t e rs 3 and 4 )  and were r a i s ed o n  t h e  

Da i ry Ca t t l e  Res ea r ch Un i t  a t  Massey Un i v e r s i ty .  The e s t i ma t e d  mean 

bree d i ng i nd i ces ( BI )  based on anc e s t ry i n fo rm a t i on wer e  135 + 4 ( Mean  

� S . D . ) f o r  the HBI group  and 1 1 1  + 1 f o r  the  LBI group . Mean 

l i vewe i gh t s  we r e  205 + 17  kg and 2 1 7  + 11  kg for HBI  and LBI  h e i f e r s  

respe c t i vely . 

P r i o r  t o  t he exper i men t , t he h e i fers  had b een graz i ng ad l i b i t um 

on m i xed ryegras s / wh i t e c l over pas ture . To  fac i l i ta t e  adap t a t i on t o  

i nd o o r  feed i ng ,  the  h e i fers we r e  d e p r i ved o f  f eed for  2 4  hours b e f o r e  

b e i ng housed i nd o o r s  f o r  a n  1 1 -day adj us t me n t  p e r i o d . He i f e r s  we r e  f e d  

lucerne cha f f  a t  1 40% ma i n t enance energy requ i remen t ( MER ) . 

Ma i n t enance was calcula t ed as 0 . 55 MJ ME/kg · 7 5  ( Ho lmes and W i l s o n  1 9 8 4 ) 

and t he lucerne c ha f f  was assumed t o  con t a i n  9 . 5  MJ ME/ kg DM a t  85%  D M  

( Ho lmes  and W i l s o n . 1984 ) . Crude p r o t e i n  con t en t  o f  t he f e e d  was 

1 9 . 7 % on  a DM b as i s . On a l t erna t e  d ays , 5 g o f  a mineral  s u p p l emen t 

( 59 %  s od i um chlo r i de , 3 7% s o d i um sulpha t e , 4% s o d i um molybda t e )  was f e d  

wi t h  t h e  lucerne c ha f f  t o  coun t e r a c t  p os s i bl e  copper t ox i c i ty .  F r e s h  

wa t e r  was ava i lable  ad l i b i tum . Feed was o f f e r ed once d a i ly a t  1 2 00h 

f o r  t h e  f i r s t  2 0  d ays o f  the expe r i men t ,  a t  1300h on  day 2 1  and a t  

1 600h f r om day 2 2  t i l l  the end o f  t h e  e x pe r i me n t  ( s ee l a t e r  d e t a i l s ) . 
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Each h e i f e r  was i n s e r ted w i t h  an i n t ravaginal p r oge s t rone 

r e leas i ng d ev i c e  ( CIDR t m B ,  EAZI - b reed , AHI Plas t i c  Mould i ng Co . ,  

H am i l t on , N . Z ) on  day 8 t o  i ncrease p r oge s t e rone level  and thus p reven t 

o e s t rous cyc l i ng o f  t h e  h e i fers . The r e t e n t i on r a t e  o f  t he CIDRs was 

1 00% un t i l  the wi thdrawal o n  day 2 6 . J ugular cannulae were i n s e r t e d  

i n t o t h e  h e i fers  und e r  l o ca l  anae s t he s i a  o n  d ay 1 1 .  

2 .  R e c o rd i ng o f  e a t i n g  pa t t erns  

The ra t e  of  ea t ing by the  h e i f e rs was r e c o rded  on  d ays 1 ,  2 ,  3 ,  4 ,  

6 ,  8 ,  9 ,  1 3 ,  2 5 , and 2 6  o f  the experimen t .  To  f a c i l i ta t e  feed i ng and 

t o  m i n i m i s e  a pos s i bl e  e f f e c t  of f e ed i ng an t i c i pa t i on ,  the f e e d  

a l l owanc e  was p rewe i ghed i n t o  ind i v i dual bags o n e  d ay ahead and kep t a t  

a s e para t e  s i t e un t i l  t h e  s t ar t o f  f eed ing .  Feed i n take was measured 

b y  r e c o rd i ng t h e  we i gh t s  of  the i n d i v i dual f eed bins  a t  f i xed i n t ervals  

a f t e r  feed i n g  on an e l e c t ron i c  balance ( s ens i t i vi ty : 1 gram ) . The 

b i n s  wer e  we i ghed i n  t h e  o rder  o f  feeding ( a l t e rna t ing be tween h e i f e r s  

f rom the  t wo l i n es ) .  On days 1 ,  2 '  8 and 13 b i n s  were w e i ghed e v e ry 2 0  

m i nu t e s  f o r  a t  leas t l OO min a f t e r  f e ed i ng ,  and on days 3 ,  4 ,  9 ,  2 5 , 

and 2 6  b i n s  were we ighed every 40 minu t es a f t e r  feeding f o r  d i f f e r e n t  

t i me  p e r i o d s  as  shown i n  Append i ce s  4-5 . T h e  p r o c e s s  o f  weigh i ng a b i n  

and r e t u rn i ng i t  t o  the  h e i fer  t o o k  l e s s  than 40 s econd s . 

3 .  Exper i men t a l  p r o cedures 

The exper i men t was d i v ided i n t o 4 p e r i od s : 

P e r i o d  I :  On d ay 1 2  ( i . e .  one day a f t e r cannula t i on ) , a 2 9  h o u r  

b lood s ampl i ng reg i me c ommenced a t  1000h a n d  38  s amples  w e r e  c o l l e c t ed 

f rom each an i mal a t  t h e  f o l lowing t i mes rela t i v e  t o  t h e  feed ing a t  

1 2 00h ( t = O ) : -120 , - 6 0 , - 30 ,  -5 , 5 ,  1 5 , 30 , 6 0  m i n ;  t hen hourly un t i l  

1 38 0  m i n  ( i . e .  1 100h on  day 1 3 ) ; then a t  1 4 10 ,  1 4 35 , 144 5 , 1455 , 

1 4 7 0 ,  1500 , 1 5 60 and 1 6 20 ( i . e .  -30 , - 5 , 5 ,  1 5 , 30 , 60 , 120 , and 1 8 0 ) 

m i nu t e s  r e l a t ive  t o  t h e  commen c emen t o f  feed i ng at  1 2 00h on  day 1 3 . 

H e i fers  were  al lowed o n e  d ay o f  res t before  t h e  commenc emen t o f  t h e  

e x p e r i men t i n  p e r i o d  I I . 
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Per i od I I : On day 15 , i n t ravenous i nj e c t i on s  of  a m i xe d  s o lu t i on 

o f  u r ea , E vans blue dye ( Tl 8 2 4 )  and sod i um t h i o cyana t e  ( Na SCN ) a t  d o s e s  

o f  6 0 , 1 ,  a n d  20  mg/kg l w t  res pec t i vely ( i n approx i ma t ely  45-60  

ml/he i fe r )  were g i ven to  the hei fers  t o  es t i ma t e  the vo lumes of  the  

body fluid  compar t men t s  in  wh i ch t hey d i s t r i bu t e . Blood  samples were 

c o l l e c t e d  at -60 , -40 , -20 , 4 ,  8 ,  1 2 , 1 6 , 2 0 ,  30 , 45 , 6 0 , 9 0 ,  150 , 2 1 0 , 

2 7 0  and 330 m i nu t es  rela t i v e  t o  t he t i me o f  challenge ( 1000 h ) . Th i s  

was f o l l owed by two days res t f o r  the an imals before  t he s t ar t o f  

pe r i od I I I . 

Per i od I I I : Adrena l i n e  chal lenges o f  1 �g/kg lw t we re g i ven t o  

t he h e i f e r s  a s  s i ngle pulse i nj ec t i ons ( i n abou t 10  m l  volume ) on  4 

o cc as i ons . The t i mes o f  i nj e c t i on were : a t  lOOOh ( 2  hours before  

f e e d i ng , i . e .  2 2  hou rs  a f t e r  the las t feed ) and 1900h ( 7  hours  a f t e r 

f e ed i ng )  on  d ay 1 8 ; a t  lOOOh on  day 1 9 ( 2 2 hours a f t e r  feed i ng ) ; and 

at 1 000h on d ay 21 ( af t e r  70  hours fas t i ng , the dai ly al l owance o f  feed 

hav i ng been w i t hheld on d ays 1 9  and 20 ) .  Blood samp les were c o l le c t e d  

a t  - 1 5 ,  -10 , -5 , 4 ,  8 ,  1 2 ,  1 6 , 20 , 30 and 4 5  m i nu t es r e l a t i ve t o  t he 

t i me o f  adrena l i ne i nj ec t i ons . 

Samples were also c o l l e c t ed a t  4 1 , 46 , 5 1  and 

f e e d i ng on day 18 ( i . e .  dur i ng the f as t i ng per i od ) . 

56 hours a f t e r 

The he i fe rs wer e  

t hen r e f ed f o l l owing adrenal i ne chal lenges o n  day 2 1 . To p reven t 

d i ge s t i ve prob lems , hal f  t he i r  al lowances were o f f e red a t  1 300h and t he 

o t h e r  h a l f  a t  1 700h . Blood samples were c o l le c t ed a t  - 3 0  -5 , 5 ,  1 5 , 

3 0 , 6 0 , 90 , 1 2 0  and 1 80 m i nu t es rela t ive t o  the 1 300h r e feed i ng 

( s t ar t ed a f t e r 7 3  hours f as t i ng ) . Some he i fers  d i d  n o t  consume a l l  

t he i r  f eed a l l owance and mos t  had m i ld d i a r rhoea one d ay a f t er t h e  

r e f e ed i ng .  They recovered , h owever , o v e r  the  f o l lowing 3 days before  

the  s t a r t  o f  p e r i od IV . 

P e r i od IV : I n t ravenous glucose chal lenges o f  1 50 mg/ kg lw t were 

a d mi n i s t ered to the he i fe r s  w i t h i n  2 minu t es on two o c c a s i ons . The 

f i r s t  was at 1 000h on day 25 , ( i . e .  a f t e r  1 7  days of CIDR t rea tmen t ) .  

CIDRs were then removed f rom the he i f ers i n  the expec t a t i on t ha t  t hey 

would b e  i n  o e s t rus 40-50 hours l a t e r  ( Du i r s et  al . 1 9 88 ) . The s ec ond 

chal l enge was g iven at l OOOh on day 2 7  ( 46 hours a f t e r  w i t hd r awal o f  

the  CIDR ) . B l o od s amples were c o l le c t ed a t  -30 , - 1 5 , -5 , 4 ,  8 ,  1 2 , 1 6 , 
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20 , 2 4 , 28 ,  3 2 , 3 6 , 40 , 50 , 60 , 7 0 , 8 0 , 90 , 1 0 5  a n d  1 2 0  m i n u t e s  rela t i ve 

t o  t h e  glucose i nj ec t i ons . The cannula o f  one LBI h e i f e r  b l o cked o n  

d ay 2 5  a n d  t h e  an i ma l  had a s l i gh t ly rai sed t emper a t u re and there f o re 

was r emoved f rom the rema i n i ng exper i men t s . 

P r epara t i on o f  the chal lenges : Four grams ( g )  T 1 8 2 4  ( Me r ck 

Company , Ca t .  No . 3169 , Lo t No . 7 47 6 365 ) , 240 g urea ( BDH Chem i cals  

L t d , Analar  Grad e )  and 80 g NaSCN ( BDH , Lo t No . 1 34 7 8 )  were d i s s o lved 

in phys i o logi c a l  sal i ne and made up  t o  1 , 000 ml before b e i ng f i l t e red 

t hr ough a 2 . 0  urn M i l l i po r e  f i l t e r and a l i quo t e d  i n t o  approp r i a t e ly 

l a be l l ed 60 m l  syr i nges . The solu t i on was pre pared t h e  n i gh t  b e f o r e  

the  c h a l l enge a n d  s t o red a t  4 ° C  un t i l  used . T h e  ad rena l i n e  chall enge 

was cons t i t u t ed by d i lu t i ng adrena l i n e  s t o ck s o lu t i on ( lmg /ml , Dav i d  

B u l l  l aborat o r i e s , V i c to r i a ,  Aus t ral i a )  t o  20 �g /ml  wi t h  s t e r i le s al i ne 

and p r o t e c ted f r o m  l igh t p r i o r  t o  adm i n i s t ra t i on by encl o s i ng v i a l s  and 

syr i nges i n  alumin i um fo i l .  

a 0 . 4g/ml  gluc o s e  solu t i on 

The glucose challenge was a d m in i s t ered 

( p repared for i n t ravenous i n fus i on 

Na t i onal  Da i ry Assoc i a t i on ,  P . N . , N . Z . ) .  

a s  

by 

B l o o d  samples : The b lood s amples were c o l l e c t ed i n t o  p r e-ch i ll ed 

cen t r i f uge tubes  c on t a i n i ng , as the an t i c oagu lan t s ,  lOO u l  o f  35% ( w / v ) 

s o d i um c i t ra t e  ( o r 1%  hepar i n  i f  the sample was t o  be assayed f o r  

p ro ge s t e rone o r  f o r  NaSCN / Urea/ T 1 8 2 4 ) .  Plasma was harve s t ed a f t e r  

cen t r i fuga t i o n  and s to red a t  -20° C before analys i s . I n  t h e  case o f  

b lo o d  s amples t o  b e  assayed f o r  glucagon concen t ra t i on ,  apro t i n i n  

( S i gm a  No . A- 6 2 7 9  Lo t No . 4 7 F-802 0 )  was added t o  the harve s t e d  p lasma 

a t  a r a te  equ i valent  to  1 000 KIU/rnl t rasyl o l , t o  i nh i b i t p r o t e o ly t i c  

a c t i v i t y . 

4 .  Blood analyses 

P lasma T 1 8 2 4  was de t e rm i ne d  colour i me t r i cally ( Consolaz i o  e t  a l . 

1 96 3 , d e t a i l ed procedure  i n  Appen d i x  6 ) . The s t andard curve was 

cons t i t u ted by d i lu t i ng the s t o ck s o lu t i on (4 mg /ml , a p r o po r t i on o f  

wh i ch h ad been used for t h e  chal lenge ) w i t h  phys i o logi c a l  s a l i ne over  a 

range o f  4 ,  8 ,  1 2 , and 20  wg/ml . A l l  s amples were as s ayed i n  dup l i ca t e  

w i t h i n  one a s s ay and t h e  i n t ra-assay c oe f f i c i en t  o f  var i a t i on ( CV )  was 

l e s s  t han 1 . 5% .  No blood s amples showed haemo lys i s  whe n  the  presence  
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of  haemog l o b i n  was  checked by e lu t i ng t h e  sample t hrough a column of  

an i o n i c -d e t e rgen t s h redded t i s sue pap e r . P lasma NaSCN was a l s o  a s s ayed 

colou r i me t r i ca lly ( Consolaz i o  et  a l . 1 963 , d e t a i led p r ocedure  i n  

Appen d i x  7 ) . A l l  the  s amples we r e  d e t ermined  i n  dup l i c a t e  w i t h i n  one  

assay and t h e  i n t ra-assay CV was l e s s  than 3% i n  each cas e .  

Haema t o c r i t was measured on b l o o d  sampl e s  c o l le c t ed a t  1 50 and 2 1 0  

m i nu t e s  a f t er urea/T 1 824/NaSCN chal l e nge , and on  samples c o l le c t ed a t  

-30 , -5 , 5 ,  30 , 6 0  and 120  m i nu t e s  rela t i ve t o  the r e f eed i ng a f t er 7 0  

hours fas t i ng , us i ng m i c rohaema t o cr i t t ubes , cen t r i fuge and reader  

( In t e rna t i on a l  m i c ro cap i l lary read e r , I n t erna t i onal Equi pmen t Company , 

Bos t o n  35 , Massachus e t t s )  following t h e  manu fac turer ' s  i ns t ru c t i on s . 

P l a s ma urea ( Ne umann and Z i egenhorn 1 9 7 7 ; Sarre 1 9 5 9 ; Mackoy and 

Mackoy 1 9 2 7 ) and c re a t i n i ne ( Bar t el s  et a l . 1 9 7 2 ; Sch i rm e i s t e r  e t  a l . 

1 9 6 4 )  c o n c en t ra t i ons  we r e  analysed a t  the  Palmers ton No r th Pub l i c  

Hos p i t a l  u s i ng an a u t o analyser  ( BM/Hi t ach i Sys t em 7 3 7 , Boeh r i ng e r  

Mannhe i m  GmbH , D i agnos t i ca ) . Plasma g l u c o s e  was de t e rm i ned b y  an 

enzyma t i c  c o l ou r i me t r i c  me thod ( T r i nder , 1 9 6 9 ; H o f fme i s t e r  and J unge 

1 9 7 0 )  o n  a P e r i do ch r om glucose au t oanalyser  ( Boehringer Mannh e i m  GmbH , 

D i agnos t i ca )  a t  P alme r s ton No r t h  Publ i c  Hospi t a l . P l asma 

non-es t e r i f i ed f a t t y  a c i d  ( NEFA ) concen t ra t i ons were  d e t e rm i ne d  

c olour i me t r i cally u s i ng NEFA assay ki t s  ( Wako Pure Chem i c a l  I ndus t r i e s  

L t d , Japan ) based o n  t h e  mod i f i ed p r ocedure o f  McCu t ch e on and Bauman 

( 1 98 6 ) . The i n t ra- and i n t er-assay coe f f i c i en t s  of  var i a t i o n  f o r  u r e a , 

c r ea t i n i ne , glucose  and NEFA we r e  ( re s pe c t i ve ly ) : 3 . 1 and 4 . 2% ;  1 . 5  

and 3 . 6% ;  1 . 2  and 4 . 9% ;  and 2 . 6  and 3 . 8% .  

P l as ma i nsul i n  and GH were a s s ayed u s i ng the d o u b l e-an t i body 

rad i o i mmunoassays p revi ously d es c r i bed ( Flux e t  al . 1 98 4 ) . B ov i ne 

i nsu l i n  ( S i gma No . I-5500 , Lo t No . 55F-05 3 6 , 2 3 . 4  IU/mg )  was u s e d  f o r  

i o d i na t i on a n d  as  t he r e f erence s t andard i n  t h e  i nsul i n  RIA . B o v i n e  

GH , ( US DA- bGH-I- 1 , L o t  No . A F P  6500 , 3 . 2  IU/mg )  and ( USDA-bGH-B 1 ,  Lo t :  

AFP-5200 . 1 . 9IU/mg ) , were used for  i od i na t i on and as r e f e r e n c e  

s tandards r espec t i ve ly i n  t h e  G H  a s s ay .  

c oe f f i c i e n t s  o f  var i a t i on f o r  GH assay 

i n su l i n  w e r e  8 . 2  and 1 2 . 4% r e s pe c t i ve ly . 

The i n t ra- and i n t e r- a s say 

were 8 . 6  and 1 3 . 2% ,  and f o r  
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P lasma g l ucagon conc en t ra t i on was  d e t ermi ned by  a double-an t i body 

r ad i o i mmunoa s s ay m e thod a s  des c r i bed in Chap t e r  2 .  Bov i ne glucagon 

( S i gma No . G4250 , Lot No . 65F-067 4 )  was u s ed for the r e f e rence  

s t andards and  ( E l i  L i l ly company , Ind i anapo l i s , Ind i ana , USA , l o t No . 

2 5 8 -253- 1 2 0 )  f o r  i od i na t i on .  The i n t ra- and i n t e r-as say C . V .  were  1 3% 

and 18% r e s pe c t i vely . 

P lasma p roges t e rone concen t ra t i on was analysed by t h e  

rad i o i mmuno a s s ay me thod o f  Ki rkwood e t  a l . ( 1 984 )  wi th  m i n o r  

m od i f i ca t i on .  B r i e f l y , 0 . 5  ml o f  p l a s ma w a s  ex t rac t ed w i t h  5 m l  

t o luene : hexane ( 1 : 2  v/v ) . The p la sma w a s  f r o z e n  f o r  1 h o u r  a n d  s o lven t 

was  decan t e d  

u l  e thano l . 

i n t o  c l e an tubes , d r i ed under a i r  and red i s s o lved i n  500 

Du p l i c a t e  lOO ul samp l e s  o f  e thanol ex t rac t s  were  

d i s pensed i n t o  plas t i c  t ubes and d r i ed under  a i r ,  as  were  dup l i c a t e  100  

ul  s amp l e s  of  s t andard e t hano l i c  s o l u t i on s  of  proges t e rone ( P- 1030 : 

S i gma , S t  Lou i s ,  M i s s ou r i ,  U . S . A . ) wi t h  a range o f  6 . 2 5 ,  1 . 2 5 ,  2 . 5 ,  5 ,  

1 0  and 2 0  ng/ ml . A m i x t ure con t a i n i ng : an t i s e rum ( cour t e sy o f  D r  J .  

T .  F ranc e )  a t  a f i nal  d i lu t i o n  o f  1 : 18 , 000 ( Tungsubu t ra and F r anc e , 

1 9 7 8 ) ;  [ 1 , 2 , 6 , 7 3 H 8 ] proges t erone ( TRK 4 1 3 ,  Ame rs ham , Bucks , U . K . ) a t  

2 0 , 000 cpm/ l OOu l ; and phospha t e - b u f f e r e d  s a l ine  con t a i n i ng 0 . 02 M EDTA 

and 0 . 1% g e la t i n ( PB S -EG ) in t h e  ra t i o  of 1 : 1 : 4  ( by volume ) was added 

( 600 u l )  to  each  tube and vor texed . Af t e r overn igh t i ncuba t i o n  a t  4° C ,  

600 u l  o f  2 . 5% ( w/ v )  charcoal ( No r i t A ;  A . H . Thomas Co . , Ph i lade l ph i a , 

U . S . A . ) s u s pens i on i n  PBS-EG was added t o  t h e  tubes , vor t exed and t h en 

i ncuba t ed a t  4° C for  1 0  minu t es . Tubes were t h en c en t r i f uged a t  3000 g 

f o r  10  m i n  a t  4° C .  The supe rna tan t was d e c an t ed i n t o  s c i n t i l la t i on 

v i als  and 5 m l  t o luene- t r i t on s c i n t i l l a t i on f l u i d  added b e f o r e  c o un t i ng 

f o r  2 m i nu t es i n  a Beckman LS 7500 s c i n t i l la t i on coun t e r . The a s s ay 

s ens i t i vi ty was 0 . 05 ng/ml . F o r  t h e  f our  a s s ay s  performed , t h e  i n t ra

and i n t e r- a s s ay coe f f i c i e n t s  o f  var i a t i on were 6 . 3  and 1 3 . 7 %  

r e s p e c t i v e l y . 

5 .  S t a t i s t i cal analys i s  

1 P lasma concen t ra t i ons o f  hormones and me tabo l i t es :  

D i f f e r e n c e s  i n  p lasma me t ab ol i t e  and ho rmone concen t ra t i on s  

b e t ween t h e  HBI and LBI he i fers f o r  t h e  29 h o u r  observ a t i on p e r i od ,  and 
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t h o s e  o f  f as t i ng/ r e f e e d i ng pe r i ods  w e r e  analysed by ANOVA a n d  MANOVA 

( re p ea t ed measures -analys i s )  wi th s el e c t i on l ine  as t h e  o n ly mai n  

e f f e c t  t o  be t e s t ed . The d a t a  f rom the  chal lenges of  a d r enal i n e  and 

glucose wer e  analy s ed at each sampling t i me by MANOVA to t e s t  t h e  

e f f e c t  o f  s e l e c t i on l i n e ,  t i me and t h e i r i n t e r ac t i on . T h e  t i me  e f f e c t 

i n  t h i s  mod e l  t es t s  f o r  the e f f e c t s  o f  expe r i mental p e r i o d  ( i . e .  t i me  

rela t i v e  t o  feed i ng for  the adrena l i ne chal l enge o r  rela t i v e  to  CIDR 

w i t hdrawal for  t h e  glucose challenge ) .  The l i ne x 

t es t s  t h e  hypo t h es i s  o f  equal s e l e c t i on l i ne 

exp e r i men t a l  pe r i od s . 

t i me  i n t e ra c t i on 

e f f e c t s  a c r o s s  

Vhere  d i f f er e n c e s  ex i s t ed b e t ween t h e  two  s e l e c t ion  l i nes p r i o r  t o  

challenge ( i . e . i n  bas e l i ne c oncen t ra t i ons ) , da ta  were c o r re c t ed by 

sub t r a c t i ng the mean prechallenge concen t ra t i ons of the h ormone o r  

me t ab o l i t e from o b s e rved concen t r a t i ons  a t  each  o f  t he pos t - cha l l e nge 

sampl e s . MANOVA was t h en appl i ed to b as el i ne-corre c t ed d a t a  as  

d e s c r i bed prev i o u s ly . 

2 )  D i sappearance curves f o r  urea , Evans blue ( T l82 4 ) , t h i o cyana t e  

( NaSCN ) , and g l u c o s e  

T h e  urea , T 1 8 2 4 , NaSCN , and gluc o s e  d i sappea ranc e  curves  were  

cons t ruc t ed f o r  d a t a  ar i s i ng f rom i n t r av enous i nj e c t i ons  of  u r e a , 

T l 8 2 4 , NaSCN , and glucose r e s pe c t i vely . The data  for  curve f i t t i ng 

were  c o r re c t ed by s u b t rac t i ng the means of the three  p r e - i n j e c t i on 

o b s e r va t i ons and were  analysed by a non- l i near , leas t - squares  

Gaus s -New t on i t e ra t i ve me thod u s i ng a c ompu t e r  p r ogramme p ackage 

( BMDP85 ) .  

i )  The d a t a f o r  urea ( mmol / 1 ) , T l 8 2 4  ( ng / ml ) , and NaSCN ( vg/ml ) 

were  f i t t ed i n t o  a two-compa r tmen t mod e l  and t h e  k i ne t i c s  were  

c a l c u la t ed a c co r d i ng t o  R i t s chel ( 1 98 6 ) : 

whe r e  

Y :  p lasma c o n c en t ra t i on o f  urea , T 1 8 2 4  o r  NaSCN a t  t i me  t ( mi nu t e )  

B :  i n t e r c e p t  o f  back ext rapol a t ed monoexpon e t ial  e l i m i na t i on 



s lo p e  w i t h  Y axi s  

A :  i n t e r c e p t  o f  d i s t r i b u t i on s lope  � w i t h Y ax i s  

� :  over a l l  e l i m i na t i on ( s low d i spo s i t i on ) s l o p e  ( ra t e  

cons t an t )  

� :  d i s t r i bu t i on ( fas t d i s pos i t i on ) s lope 

C 0 A + B 

Vd c d o s e ( i nj ec t ed ) /C 0 

Vd S S =  ( k1 2 +k 2 1 ) *Vd c / k 2 1  
Vd c / h!t  

A · B · ( �-o:) 2 / C  · ( A · �+B • o:) 0 

K 1 3  C o / ( A / �+B/ �) 

t l / 2 CX= 0 . 6 9 3 / �  

t l / 2 �= 0 . 69 3 / (:3  

These t e rms are d e f i n e d  a s  f o l lows : 

C 0 : c o n c en t r a t i on a t  t i me =O e s t i ma t ed by back ex t rapola t i on 

Vd c :  v o lume o f  d i s t r i bu t ion 

Vd s s : v o lume of  d i s t r i bu t i o n  at  s t eady s ta t e  

� :  d i s t r i bu t i on c oe f f i c i en t  

k 1 2 : d i s t r i bu t ion  r a t e  c ons tan t f o r  t ran s f e r  f rom cen t ral  t o  

p e r i pheral compa r t me n t 

k 2 1 : d i s t r i bu t i on r a t e  c ons tan t f o r  t rans f e r  f r o m  peri pheral 

to c en t ra l  compa r t men t 

k1 3 : e l i m i na t i on ra t e  cons t an t f rom cen t ral c ompar t men t 

t 1 1 2 � :  � phase hal f - l i f e  

t 1 1 2 f:3 :  f:3 phase hal f - l i fe ( regarded a s  el i m i na t i on hal f -l i f e )  

1 0 7  

i i ) .  T h e  da t a  f o r  glucose  a f t e r  glucose  i nj ec t ion w a s  f i t t e d  i n t o  

a mod i f i ed s i ngle-compar t men t mod e l : 

Y=pl + p 2 · e- k · t + cos ( p3 · t) ---2 ) 

CO p l  + p2  + 1 

t l / 2 = 0 . 6 9 3 / k  

Vd Dose i nj ec t e d / C0 
Vd ! lw t . 



T h e s e  t erms a r e  d e f i ned as f o l l ows : 

Y :  p lasma c on cen t ra t i o n  a t  t i me t ( m i nu t e )  

C0 : hypo t he t i cal p lasma glu c o s e  concen t ra t i on 

a t  t ime  0 ,  o b t ained by back-ex t rapola t i on o f  

monoexpone n t i a l  d e c l i n e  l i ne 

k :  e l i m i na t i on r a t e  cons t an t ( %/mi n )  

p 1 :  c ons t a n t  value ( mg / d l ) 

p 2 : c o e f f i c i en t  o f  the exponen t i al f unc t i on ( mg/ d l ) 
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p 3 : an i nd ex of  flu c t ua t i on in p lasma glucose concen t ra t i on ( ±% )  

T h e  k i ne t i cs f o r  urea , T 1 8 24 and NaSCN we r e  analys ed by ANOVA t o  t es t  

t h e  s e le c t i on l i ne e f f ec t . Glucose parame t e r s  a f t e r  glucose i nj e c t i on 

w e r e  analys e d  u s i ng the  MANOVA t o  t e s t the  e f f e c t s  o f  s e l e c t i on l i ne , 

t i me  ( re la t i v e  t o  CIDR wi t hdrawal ) and t he l i ne x t i me i n t e rac t i on .  

The  analyses  we r e  per f o rmed u s ing t h e  ' SAS ' s t a t i s t i cal package ( 1 985 ) . 

III . RESULTS 

1 .  P l asma me tabo l i t e  and hormone c oncen t ra 

h o u r  p e r i od : 

t h e  2 9  

Diurnal changes i n  mean p lasma concen t ra t i ons o f  h o rmones and 

m e t a b ol i t e s  for the HBI  and LBI h e i fers  are shown in  F i gures 5 . 1 -5 . 2 .  

Ther e  was a very r a p i d  b u t  sho r t - l i ved i nc rease  i n  p l asma glucos e  

c on c en t ra t i on a t  the t i me  o f  feed i ng and then glucose  level fell  i n  a l l  

an i ma l s  f o r  the  f i r s t  2 hours a f t e r feeding ( F igure 5 . 1 ) .  Ther ea f t e r  

glucose  l e v e l  i ncreas ed s t ead ily , reach i ng peak concen t ra t i ons a t  8 t o  

9 hours r e l a t i ve t o  t h e  s t a r t  o f  feed ing . Glucose  concen t ra t i on was 

generally grea t e r  in  t h e  HBI he i fe r s  and was s i gni f i can t ly ( P <0 . 05 )  

grea t e r  a t  -30 , -5 , 5 ,  1 5 , 120 , 84 0 ,  and 1 3 20 m i n u t e s  rela t i ve t o  t h e  

t i me o f  feed ing o n  the  f i rs t  day , and a t  6 0  and 1 2 0  m i nu t es r el a t i v e  t o  

t h e  t i me o f  feed ing o n  t h e  s econd d ay . 

Feed i ng resul t ed i n  a marked i n c r ease i n  p lasma u r e a  

concen t ra t i ons w i th t h e  p eak occu r r i ng 3 t o  5 hours a f t er f e e d i ng and 

b e i ng f o l l owed by a nad i r  o c curr i ng be tween 1 4  and 15 hours a f t e r  
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F i gu re 5 . 1  Basal plasma con cen t ra t i ons o f  glucose ( upper  pan e l )  urea 

( m i dd l e  panel ) and crea t i n i ne ( lower panel ) over a 2 9  hour per i od 

i n  8 h i gh breed i ng index ( *--* ) and 8 low breed i ng index ( o--o ) 

h e i f e r s  t rea ted wi t h  p roges t e rone - i mpregnated CIDRs . He i f ers were 

o f fered lucerne cha f f  a t  t i me 0 and 1440 ( bo t h  

i nd i ca t ed by t he d o t ted l i nes . ( L=s elec t i on l i ne 

1 200h ) as 

e f f ec t . 

PSE= pooled s t andard error o f  t he mean . *=P<O . OS ,  a=P<0 . 0 1 )  
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f e e d i ng ( F i gu r e  5 . 1 ) .  Plasma urea concen t r a t i ons were grea t e r  ( P<O . OS )  

i n  the LBI h e i f e r s  than i n  the  HBI  h e i fers  a t  mos t  samp l i ng t i mes  

d u r i ng t h e  2 9  h our p e r i od . 

Plasma c r ea t i n i n e  inc reased subs t an t i al ly i n  all  o f  t h e  h e i f e r s  

d u r i ng t h e  f i rs t  4 hours following feed i ng ( F igure 5 . 1 ) and then 

decl ined . Though c r e a t i n i n e  l e v e l  vias rela t i ve ly l ower i n  t h e  H B I  

g r o u p  t han i n  t h e  LBI group throughou t t h e  2 9  h our  p er i od ,  i t  was 

s i gn i f  i can t ( P <O . OS )  only a t  240 , 480 , 840 , 900 , 9 60 ,  102 0 ,  and 1 2 6 0  

m i n u t e s  r e la t i ve t o  f eeding . 

The h i ghe s t  NEFA concen t ra t i ons were observed 5 m i n u t e s  a f t e r  

feeding , b u t  then d e c l i ned rap i d ly and were  mai n t a i ned a t  low values 

for 800 to  900  m i nu t es af t er feed i ng ( F igure 5 . 2 ) . There a f t e r ,  p lasma 

NEFA c o n c en t r a t i on i n c reased gradually wi t h  t i me . Ther e  was n o  l i ne 

e f fec t o n  plasma NEFA concen t ra t i on ,  exce p t  a t  the  f i r s t s ample ( a t  

- 1 20 m i nu t e s ) whe n  the concen t ra t i on was grea t e r  ( P <O . OS )  f o r  the  HBI 

group t ha n  f o r  t h e  LBI group . 

Fee d i ng resu l t e d  i n  a s i gn i f i can t ly grea t e r  response ( P <O . OS )  i n  

p lasma glucagon concen t ra t i on i n  t h e  HBI t han i n  the LBI h e i f e r s  a t  30 , 

and 1 5  m i nu t es r e l a t ive t o  the  o ns e t  o f  f i r s t  and s e c ond f e e d i ng s  

respe c t i ve ly . However t h i s  d i f fe rence  was very b r i e f ,  a n d  t h e r ea f t e r  

g lucagon i n  bo t h  l i ne s  was reduced f o r  6-7  hours af t e r  f e e d i ng .  Dur i ng 

t he pos t p rand ial p e r i od plasma glu cagon concen t ra t i on f l u c t u a t e d  i n  

b o t h  HBI  and LBI h e i fers  and t he r e  were n o  d i f fe rences b e t ween t h e  

l i nes . 

2 .  Urea/T1824 /NaSCN e c t i on 

P l asma concen t ra t i ons o f  urea , T 182 4 , NaSCN and c re a t i n i ne a f t er 

the i nj ec t i ons o f  urea , Tl824  and NaSCN are  shown i n  F i gu r e  5 . 3 .  

P r e - challenge plasma urea 

( P> 0 . 05 )  in  t h e  LBI he i fe r s  

c o ncen t ra t i on was s l i gh t ly grea t e r  

than i n  the HBI he i fe rs and a s i m i la r  

d i f f e re n c e  was m ai n ta i ned f o l lowing the i nj e c t i on o f  urea/T1824/N aSCN . 

S i m i l a r ly , t h e r e  were no  s e le c t i on l i ne e f f e c t s  

conc e n t ra t i ons  o f  T1824 and NaSCN a f t e r  the i nj ec t i on ,  

o n  p lasma 

a l t ho ugh t h e  
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Figure 5 . 2  Basal plasma concen t rat i on s  o f  NEFA ( upper  panel ) and 

glu cagon ( lower pane l )  over  a 29 hour per i od in 8 h i gh breed i ng 

i ndex ( *-- * )  and 8 low breed i ng i ndex ( o--o ) h e i fers  t reated wi t h  
p roges teron e-i mp regna t ed CIDRs . Hei fers we re o f f e red lucerne 
cha f f  at  t i me 0 and 1440 ( bo t h = 1 2 00h ) as i nd i ca t ed by the  d o t t ed 

l i nes . ( L=sele c t i on l i ne e f f ec t . PSE=pooled s t andard error  o f  

t h e  m ean . *= P <O . OS ,  a=P<O . O l )  
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( up p e r - r i gh t  panel ) ,  NaSCN ( l ower- l e f t  pane l )  and crea t i n i n e  

( lowe r - r i gh t  panel ) i n  response to  t he chal lenges o f  u re a  ( 60 

mg/ kg lw t ) , T 1 8 2 4  ( 1  mg/ kg lw t )  and NaSCN ( 20 mg/kg l w t ) i n  8 h i gh 

breed i ng i ndex ( *--* ) and 8 low bree d i ng i ndex ( o--o ) h e i f e r s  

t re a t ed w i t h  p r oge s t erone - i m p r egna t ed CIDRs . ( L= s el e c t i on l i n e  

e f f e ,.,. t . PSE=pooled s t andard e rror o f  the mean . * = P <O . OS ,  

a=P<O . O l )  
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c o n c e n t ra t i ons were s l i gh t ly h i gher  i n  t he LBI h e i f e rs than i n  t h e  HBI  

h e i f e rs . The only s i gn i f i can t d i f fe rence ( P<0 . 05 )  was  for  NaSCN at  2 7 0  

m i n  f rom challenge . 

g r e a t er ( P<0 . 1 0 ) i n  

Plasma c rea t i n i ne concen t ra t i on was c ons i s t en t ly 

t h e  LBI he i fe r s  t han i n  t h e  HBI he i fers  p r i o r  t o  

and fol low i ng t h e  cha l l enges . 

The analys i s  o f  t h e  kine t i c s  o f  u r e a , T1824 and NaSCN 

d i s a ppearance u s i ng t h e  t wo-compar t me n t  mode l  ( Table 5 . 1 )  showed t h a t  

s e l e c t i on l i ne  had n o  e f f e c t o n  any o f  t h e  parame t e rs f o r  urea , T 1 8 2 4  

o r  NaSCN , nor  o n  t h e  vo lumes o f  pla sma , body wa t e r  o r  e x t racellular  

f l u i d  as measured by T 1 8 24 , urea  and  NaSCN r e s pe c t i vely .  

3 .  Adrena l i ne challenge a t  d i f ferent  t i mes f rom feed i ng 

Me t abol i c  responses t o  t he adrenal i ne challenge admi n i s t er e d  a t  

- 2 , 7 ,  2 2 , and 7 0  hours  f rom feed i ng are  shown i n  F i gure 5 . 4 .  

Basal p lasma NEFA concen t ra t i on and 

challenge were s i gn i f i can t ly ( P <O . O l ) 

i t s r e s ponse t o  adrenal i ne 

a f f e c t e d  by t he t i mi ng o f  t h e  

challenges r e la t ive  t o  feeding , w i th  t h e  grea t e s t  basal levels  and 

l i poly t i c  res ponses  b e i ng observed i n  the h e i fers a f t e r  7 0  hours o f  

f as t i ng . H e i fers  exh i b i t ed the  l owe s t basal plas ma NEFA concen t ra t i on 

and smalles t NEFA r e s ponse t o  ad r ena l i ne 7 hours a f t e r  f e ed i n g . N o  

d i f f erences  w e r e  o b s e rved i n  plasma NEFA concen t ra t i on a n d  i t s r e s p o n s e  

t o  adrena l i ne be tween t h e  t w o  p e r i od s  a t  - 2 vs 2 2  hou r s  from feed i ng , 

t he s e  r e s ponses be i ng i n t ermed i a t e  be tween t hose a t  7 and 7 0  hours  

a f t e r  feeding .  This  is  t o  be  expe c t ed g i ven t ha t  the - 2  hour  challenge 

occurred  + 2 2  hours a f t e r  the p r e v i ous  feed i ng . 

There  were s i gn i f i can t l i n e  x t i me o f  

pre-cha l l enge plasma NEFA concen t ra t i ons . 

gre a t e r  NEFA levels  r e l a t ive  t o  those o f  LBI 

t i me f r om feeding . 

chal lenge i n t e r ac t i on s  i n  

Thus HBI he i fers  exh i b i t ed 

h e i fers  wi t h  i n c reas i n g  
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Table 5 . 1  K i n e t i cs o f  d i s t r i bu t i on and d i sa ppearance ( mean + S E )  o f  
urea , T 1 8 2 4  and NaSCN i n  8 HBI and 8 LBI h e 1 f e rs - f o ll owi ng 
i nj ec t i ons  of  urea ( 60 mg/kg lw t ) ,  T 1 8 24 ( 1  mg/kg lwt ) ,  and 
NaSCN ( 20 mg / kg lw t ) .  

Conc en t ra t i on a t  t = O  
Urea ( mmo l / 1 � 
T1824  ( J.lg/ml  
NaSCN ( J.lg / m l  

D i s t r i bu t i on s pace  i t = O )  

¥1§�4 � l < 
NaSCN ( 1 )  

D i s t r i bu t i on s pace  i t = 1 2 )  

¥1��4 � 1 < 
NaSCN ( 1 )  

D i s t r i bu t i on s pa c e  ( s t eady 
Urea 
T 1 8 2 4  
NaSCN 

HBI 

5 . 2  + 
2 7 . 3  + 

1 6 7 . 1  + 

4 0 . 2 8 + 
7 . 6 2 + 

24 . 80 + 
8 0 . 68 + 

9 . 1 5 + 
3 9 . 30 + 

s ta t e )  
4 0 . 42 + 

7 . 6 3 + 
5 1 . 2 3 + 

0 . 2 9 
1 .  2 0  
6 . 90 

1 . 8 2 
0 . 45 
1 . 00 

3 . 24 
0 . 3 1  
0 . 9 9 

1 .  9 4  
0 . 4 1 
1 .  40 

D i s t r i b u t i on coe f f i c i e n t  ( l /kg6 t = 1 2 ) 
Urea . 3 93  + 0 . 0 1 2  
T 1 8 24 0 . 045 + 0 . 00 9  
NaS CN 0 . 1 9 + 0 . 002  

D i s t r i bu t i on coe f f i c i e n t  ( l / kg6 
s t eady s t a t e )  

Urea . 1 9 8  + 0 . 0 1 1  
T 1 8 2 4  0 . 0 3 7  + 0 . 00 2  
NaSCN 0 . 250 + 0 . 004 

Urea 
T 1 8 2 4  
NaSCN 

Urea 
T 1 8 2 4  
NaSCN 

0 . 003 8 1 0  + . 000903 
0 . 0003 1 7  + . 000 1 6 9  
0 . 000058 + . 000007 

1 . 1 8 + 0 . 05 
3 . 98 + 0 . 68 

4 1 . 1 2 + 1 .  56 
K1 3 ( e l i m .  cons t . )  

Urea 
T 1 8 2 4  
NaSCN 

0 . 09 1  + 0 . 00 1 1  
0 . 0020 + 0 . 0004 

A 

B 

Urea 
T 1 8 2 4  
NaSCN 

Urea 
T 1 8 2 4  
NaSCN 

Urea 
T 1 8 2 4  
NaSCN 

Urea 
T 1 8 2 4  
NaSCN 

0 . 0020 + 0 . 0002 

3 . 2 9 + 
5 . 16 + 

8 8 . 5 6 + 

1 .  89  + 
2 2 . 14 + 
7 8 . 5 3 + 

0 . 2 9 
1 . 03 
6 . 9 6 

0 . 06 
0 . 6 3 
1 . 30 

0 . 1 38 + 0 . 0 1 4  
0 . 073  + 0 . 026  
0 . 099 + 0 . 00 7  

0 . 00357 + . 000508 
0 . 00 1 7 3  + . 000 4 2 6  
0 . 00094 + . 000090 

6 . 2  + 
30 . 7  + 

1 8 1 . 8  + 

36 . 3 2 + 
7 . 44 + 

2 3 . 95 + 

8 8 . 58 + 
9 . 5 2 + 

4 1 . 45 + 

3 6 . 43 + 
7 . 44 + 

5 2 . 8 3 + 

LBI 

0 . 50 
3 . 30 
5 . 40 

2 . 60 
0 . 53 
o . 7 0  

8 . 68 
0 . 2 2 
1 . 58 

2 . 59 
0 . 54 
0 . 80 

0 . 408 + 0 . 03 7  
0 . 044 + 0 . 00 1  

0 . 1 9 + 0 . 00 5  

0 . 168 + 0 . 0 1 2  
0 . 034 + 0 . 00 2  
0 . 2 44 + 0 . 00 3  

0 . 0 044 1 5  + . 00 1 4 5 1  
0 . 0003 2 1  + . 000 1 3 9  
0 . 000075 + . 0000 1 2  

1 . 1 3 + 0 . 06 
4 .  8 3  + 1 .  25  

44 . 58 + 0 . 94 

0 . 094 + 0 . 00 1 2  
0 . 0020 + 0 . 0003 
0 . 0020 + 0 . 00 0 1  

4 . 2 7 + 0 . 48 
6 . 93 + 2 . 62 

101 . 3 2 + 5 . 64 

1 .  94 + 0 . 07 
23 . 7 3 + 0 . 7 2 
80 . 45 + 0 . 9 2 

0 . 1 6 1  + 0 . 03 0  
0 . 060 + 0 . 0 1 4  
0 . 1 1 6  + 0 . 00 9  

0 . 00 3 1 7  +0 . 00042 
0 . 00333  +0 . 003 1 9  
0 . 0009 1  +0 . 00005 
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F i gu r e  5 . 4  P l asma concen t ra t i ons o f  NEFA ( upper p ane l )  and gluco s e  

( l ower panel )  i n  res ponse t o  adrenal i n e  chal lenge ( 1  �g/kg lw t )  

admi n i s t e red a t  - 2  h r  ( green l i ne ) , 7 hr ( black l i ne ) , 2 2  h r  ( blue 

l i ne ) , and 70 hr ( red l ine ) rel a t i v e  to  t he t i me o f  feed i ng in 8 

h i gh b reed i ng i ndex ( *--* ) and 8 l ow bree d i ng i ndex ( o--o ) he i fe r s  

t rea t ed w i t h  proge s t e rone- i mpr egna ted CIDRs . ( L= s e le c t i on l i ne 

ef f e c t ,  P= pe r i od . c: f f ,: C: � , LP l i ne x p e r i o d  i n t erac t i o n . 

PSE=poo led s tandard error  o f  t h e  mean . *=P<O . OS ,  a=P<O . Ol )  
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The e f fe c t  o f  t im i ng o f  challenge o n  p lasma gluc o s e  concen t r a t i on and 

i t s r e s ponse to ad renal i ne was s igni f i can t ( P <O . OS ) from - 1 5  to 45 

m i nu t es r e la t i ve t o  the  challenge , and was t h e  oppos i t e o f  t ha t  on 

plasma NEFA concen t ra t i on ( F i gu r e  5 . 4 ) . Basa l  plasma glucose  

concen t ra t i on and  the  glycogenoly t i c  res ponse t o  adrenal i n e  were  l owe s t  

i n  he i f e r s  fas t e d  f o r  7 0  hours . Though plasma glucose c o n c en t ra t i on 

and t h e  r e s ponse t o  adrena l i ne were rela t i ve ly grea t e r  i n  t h e  HBI 

h e i f e r s  t han i n  the  LBI he i fe rs 22  and 70 hours a f t e r  f e ed i ng ,  t h e  

e f f e c t  o f  s e l e c t i on l i ne on  p lasma glucose w a s  no t s i gn i f i can t 

( P>O . OS ) . 

4 .  Fas t i ng and r e f ee d i ng 

Changes i n  mean plasma c o n c en t ra t i ons  o f  hormones and m e tabol i t es 

i n  t h e  HBI and LBI he i fe r s  a t  4 1 , 4 6 , 5 1  and 5 6  hours o f  t h e  f as t i ng , 

and d u r i ng t he r e feed i ng p e r i od , are shown i n  F i gure 5 . 5 .  

Plasma glucose concen t ra t i on decreased dur i ng t he fas t ing per i od 

i n  a l l  h e i fers  and the  l owe s t values o c curred a t  4 6  t o  5 6  hours  o f  

f a s t i ng . The HBI h e i fers  exh i b i t ed gre a t e r  p lasma glucose  leve l s  t han 

the LBI hei fers  all through the fas t i ng p e r i od but t h e  d i f f erence was 

s i gn i f i c a n t  ( P <0 . 05 )  only a f t e r  32  hours of fas t i ng .  R e feed i ng caused 

a small but  rapid r i se i n  p lasma glucose concen t ra t i on wh i ch t h en 

d e c l i ne d  a f t e r  5 m i nu t e s . No  selec t i on l i ne e f fe c t  on  gluco s e  

c on c e n t ra t i on was obs erved i n  t h e  r e feed i ng pe r i od . 

Plasma u r e a  concen t r a t i ons dec reased during t he f as t ing per i od , 

w i t h  t h e  HBI h e i f e rs mai n t a i ni ng s l i gh t ly lowe r ( P>O . OS )  levels  t han 

the LBI h e i f e r s . R e f eed i ng resul t ed i n  an i mmed i a t e  i n c r e men t i n  

p la s ma u rea level i n  a l l  o f  the  h e i f e rs . The r i s e  i n  p lasma u r e a  

c o n c e n t ra t i o n  was grea t e r  ( P<0 . 05 )  i n  the  HBI he i f e rs t han i n  t h e  LBI 

h e i f e r s  5 and 1 5  m i nu t es a f t e r  f eed i ng when the d a t a  wer e  c o r re c t ed f o r  

t h e  c o n c en t ra t i ons 5 m i nu t e s  b e fore  feed i ng .  

P l asma c r ea t i n i ne concen t r a t i ons  i n c reased by abo u t  9 %  d u r i ng t h e  

p er i od f rom 3 2  t o  46 hours o f  fas t i ng and were r e la t i ve ly s t a b l e  

b e tween 46 t o  5 6  h o u r s  o f  f as t i ng f o r  b o t h  the  H B I  and L B I  h e i f e r s . 

R e f e e d i ng was f o l l owed by a n  i n c rease i n  c re a t i n i n e  levels . HBI  
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F i gu r e  5 . 5  P lasma c oncen trat i ons  o f  glucose ( u pper-l e f t  pane l ) , u r e a  

( m i dd l e - l e f t  pane l ) , crea t i n ine  ( lower- l e f t panel ) ,  NEFA 

( up p e r- r i gh t p anel ) ,  i ns u l i n  ( m i dd l e - r i gh t  pan e l ) and glucagon 

( l owe r - r i gh t pane l )  over the per i od of f as t i ng and r e f eed i ng 

( i nd i ca t ed by d o t t ed l i n e )  i n  8 h i gh breed i ng i ndex  ( *--* ) and low  

b re e d i ng i ndex ( o--o ) h e i f e r s  t re a t ed w i t h  

proges t e rone - i mpregna t e d  CIDR s . Hei fers  were o f f e red lucerne 

cha f f  a t  t j � � 0 ( 1 300h ) , ' L� s e l e c t i on l i ne  e f f e c t  . P SE=pooled  

s t andard e , r o .  . os , a=P<O . Ol )  
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h e i fers  mai n t a i ned lower crea t i n i ne concen t r a t i ons throughou t t h e  

p e r i od s  o f  fas t i ng and r e feed ing and t h e  d i f f e rences wer e  s ign i f i can t 

( P <O . OS )  a t  4 1  and 56 hours o f  fas t i n g . 

P lasma NEFA c oncen t ra t i ons i n c r ea s ed s t ea d i ly over t h e  f as t i ng 

p e r i od and t h e  h i ghes t values we r e  r e c o rded j us t  b e f o r e  r e f ee d i n g . 

R e feed i ng i n i t i al ly resul t ed i n  a d e c l i ne i n  p lasma NEFA c o n c en t ra t i on 

b u t a subseque n t  r i s e  was obs erved 2 hours  a f t e r  feed i ng . Plasma  NEFA 

c oncen t ra t i on i n  t he HBI group was h i gh e r  dur i ng the fas t i n g  p e r i o d , 

and l ower dur i ng the r e feed i ng p e r i od , than i n  the LBI group . The 

d i f fe r ence was s igni f i can t ( P <O . OS )  only a t  30 m i nu t es a f t e r  f e e d i ng . 

P lasma i n su l i n  concen t r a t i on d e c reased t o  i t s  lowes t level  a f t e r  

5 6  hours o f  fas t i ng i n  t h e  he i f e r s  and resumed a h i gh e r  level  j us t  

b e f o r e  the r e f ee d i ng ,  p ro bably as a resu l t  o f  hyperglycae m i a  cau s e d  by 

t he adrena l i ne challenge . Re feed i ng caused a d e c l i ne i n  plasma i ns u l i n  

c on c en t ra t i on dur i ng t h e  f i rs t  3 0  m i nu t es and t hen a s ma l l  i nc reas e . 

N o  s e le c t i on l i n e  e f f e c t on p lasma i nsul i n  was observed d u r i ng t h e  

f as t i ng and r e f ee d i ng p e r i ods . 

Plasma g l u cagon concen t rat i on was h i gher  i n  the HBI h e i f e r s  t han 

i n  the LBI h e i fers  dur i ng the fas t i ng and r e feed i ng per i od , and i t  was 

s i gni f i can t ( P<0 . 05 )  30 m i nu t es a f t e r  r e f eed i ng .  Refeed i ng s t i mula t ed 

an i mmed i a t e  glucagon r elease i n  a l l  o f  t he h e i fers . 

5 .  G l u c o s e  before a n d  a f t e r  w i t hd rawal o f  CIDR 

Plasma i n s u l i n  and glucose c on c en t ra t i on s  followi ng t h e  g l u c o s e  

challenges adm i n i s t er e d  a t  2 hours b e fo r e  and 4 6  hours a f t er w i t hd rawal 

o f  the CIDR a r e  shown i n  F i gure 5 . 6 .  

Ther e  was  an i mmed i a t e  eleva t i o n  o f  plasma insul i n  i n  a l l  t h e  

h e i f ers f o l l o w i ng t h e  glucose chal l enge . The res pons e  o f  i n s u l i n  t o  

glucose was n o t s i gn i f i can t ly a f f e c t ed by t h e  p resence o f  CIDR , t hough 

peak i ns u l i n  was s l i gh t ly grea t e r  b e f o r e  CIDR wi thdrawal t han a f t e r  

CIDR wi t hd r awal . Sel e c t i on l i ne had a s i gn i f i can t ( P<O . OS )  e f f e c t on  

basal i nsul i n  c oncen t ra t i on and on  pan c r e a t i c  i nsu l i n  s e cr e t i on i n  

r es ponse t o  glucose  challenge a t  bo t h  challenge t i mes , w i t h  t h e  HBI  
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F i gu r e  5 . 6  Plasma concen t ra t i ons o f  i nsul i n  ( upper pane l )  and g l u c o s e  

1 1 9 

( lower pane l )  i n  response t o  glucose challenge ( 1 50 mg/kg lw t )  

adm i n i s t e r ed a t  - 2  hr  ( so l i d  l i ne ) , and 46 h r  ( b roken l i ne 

rela t ive t o  t he w i t hd rawal o f  proges t e rone - i mpregn a t ed CIDR i n  8 

h i gh bree d i ng i ndex ( *--* ) and 8 low breed i ng i ndex ( o- - o )  

hei fers . ( L= s e l e c t i on l i ne e f f e c t , P=  per i od e f f ec t ,  LP = l i n e  x 

per i od i n t e r ac t i on .  P SE=pooled s t andard e r ror o f  t he mean . 

* = P <O . OS P <O . Ol )  
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h e i fers  hav i ng grea t e r  p lasma i nsul i n  concen t r a t i ons t han t h e  LBI 

h e i fers . The d i f fe r e n c e  was s igni f i can t ( P< O . OS )  at -30 , - 5 , f rom 4 t o  

6 0 ,  and a t  8 0  m i nu t es a f t e r  the glucose  chal le nge f o r  the  analys i s  o f  

c ombined d a t a . No c on s i s tan t s e l e c t i on l in e  x t i me i n t e ra c t i ons  w e r e  

a pparen t ( i . e .  e f f e c t s  o f  per i od rela t i ve  t o  CIDR w i t hd rawal wer e  

a d d i t i ve w i t h  those o f  l i ne ) .  The r educed i n s u l i n  release a t  4 m i nu t es 

a f t e r  glucose  challenge i n  the h e i f e rs a f t e r  t he CIDR w i t hd rawal may b e  

d u e  t o  a chance e f f ec t .  

Table 5 . 2  Glucose k i n e t i cs measured a t  2 hours before  and 4 6  h o u r s  
a f t e r  C I DR w i t hd rawal i n  H B I  a n d  L B I  hei f e r s  t h a t  

r e c e i ved glucos e challenge s  ( 1 50 mg/kg lw t )  

HBI LBI 

I - 2  hour a j +46 hour a I -2 hour a I +46houra  I 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Concen t ra t i on a t  t = O  
Mean ( mg/ d l )  1 2 9 . 09 1 2 2 . 7 5 1 24 . 7 8 1 2 4 . 45 
S . E .  3 . 7 1 3 . 53 2 . 1 1 3 . 5 9 

E l i m . r a t e  c ons t an t  k 
Mean ( f ra c  t i on / m i n )  0 . 0506 0 . 0463 0 . 0453 0 . 04 2 1  
S . E .  0 . 00 3 9  0 . 0033 0 . 0034 0 . 0041  

Fluc t ua t i on i ndex p 3  
Mean -0 . 060 -0 . 028  -0 . 08 8  0 . 0 2 0  
S . E .  0 . 0 1 5  0 . 032 0 . 045 0 . 0 33 

Vd 
Mean ( l ) 24 . 05 2 5 . 2 2 2 6 . 00 2 6 . 1 9  
S . E .  1 . 1 4 0 . 9 2 0 . 7 3 1 . 1 3 

Di s t r i bu t i on coe f . 
Mean ( l / kg )  0 . 1 1 7  0 . 1 2 3  0 . 1 2 0  0 . 1 2 1  
S . E .  0 . 00 4  0 . 004 0 . 002 0 . 00 3  

Hal f - l i f e , ( t 1 1 2 ) 
1 4 . 2 6 1 5 . 58 1 5 . 9 4  1 7 . 40 Mean ( m 1 n )  

S . E .  1 . 08 1 . 18 1 .  36 1 .  7 9  

a :  Re l a t ive  t o  t i m e  o f  CIDR w i thdrawal 

A peak plasma glucose concen t ra t i on of abou t 180  mg/ d l  was 

ach i eved in all h e i f e r s  two m i nu t e s  a f t er glucose  i n f u s i on ( F i gu r e  

5 . 6 ) . Glucose  concen t ra t i ons t h en decl i ned t o  t he pre-challenge values 

a t  abou t 6 0  minu t e s  a f t e r  the  challenge . P r e - c hallenge plasma g l u c o s e  

con c en t ra t i ons we r e  s i gni f i can t ly higher  ( P <O . O l )  i n  t he H B I  he i fe rs 

t han i n  t h e  LBI he i f e r s . The r e  wer e , howeve r ,  no s i gn i f i c an t  e f f e c t s  

o f  s e le c t i on l i n e  o n  p lasma glucose  level f o l l owing t h e  challenge . The  

e f f e c t o f  the  p r e sence  o f  C I DR on plasma glucose  was  s i gn i f i can t only  

a t  3 0  and 5 m i nu t e s  b efore  glucose  chal l enge , w i th a grea t e r  g l u c o s e  

value obs e rved a f t e r  wi t hdrawal o f  CIDR . S i gn i f i can t ( P <O . OS )  

i n t e ra c t i ons  be tween s elec t i on l i n e  and t h e  p resence o f  CIDR on  plasma 

glu c o s e  concen t ra t i on were  a l s o  obs erved a t  30 , 10  and  5 m i n u t es b e f o r e  

t h e  chal lenge ( i . e . the l i n e  x p er i od i n t er a c t i o n  was s i gn i f i can t a t  

these  t i mes ) . Analys i s  o f  glucose  d i s appearance showed no  d i f fe re n c e s  
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i n  g l u c o s e  e l i m i na t i on r a t e  o r  i n  t h e  s pace  o f  glucose d i s t r i bu t i on 

be t ween the  l i n e s  ( Table 5 . 2 ) .  Nor  wer e  these  parame t er s  a f fe c t ed by 

t h e  p r e s ence vs  absence of CIDRs in the hei fers . 

6 .  Changes i n  ra t e  o f  ea t i ng 

The r a t e  o f  e a t i ng i ncreased  as t h e  expe r i men t prog r e s s e d . For  

i n s t an c e  i t  t ook abou t 180  and 1 2 0  m i nu t es f o r  t h e  hei f e r s  to  f i n i s h  

t he i r  al lowanc e  o n  d ays 1 and 8 ,  respec t i vely ( F igure 5 . 7 ) . The LBI 

h e i f e r s  ma i n t a i ned a r e l a t ively  grea t e r  r a t e  o f  e a t ing t han the HBI 

h e i f e r s , in t e rms of amoun t o r  percen t age of al l owanc e  c on sumed , over  

the  mos t of  the  experi men t .  These  d i f fe r ences  we re , howeve r , only 

s i g n i f i cant  ( P<0 . 05 )  f rom 40 to 120 m i nu t e s  on day 1 of  t h e  

o b s e rva t i ons  ( F i gure 5 . 7 ) . Though the  ra t e  o f  ea t i ng was no t a f fe c t ed 

b y  t h e  wi thd rawal o f  t h e  CIDRs i n  the  HBI he i fe r s  i t  was reduced ( by 

a p prox i ma t e ly 20%)  i n  t h e  LBI hei fers  when the  i n t ake was measured a t  

8 0  m i nu t e s  ( F i gure 5 . 8 ) . 

7 .  Changes i n  plasma p r oges t e rone concen t ra t i on 

P lasma p roge s t e rone concen t ra t i on gr adua lly d e c reased o v e r  t h e  1 7  

d ay p e r i od a f t e r  the i n s e r t i on o f  the  C I DRs ( F i gure 5 . 9 ) . A f u r t h e r  

d e c rease o c cu r r ed 46 hour a f t e r  the  w i thd rawal o f  t h e  C I DRs , f o l l owed 

by a r i s e  8 days l a t e r . There was no  s i gn i f i can t e f f e c t  of l i ne on 

p l a sma p r oge s t er one concen t ra t ions , even though i t  was s l igh t ly h i gh e r  

i n  t h e  H B I  h e i fers  sho r t ly a f t e r  CIDR i nser t i on and 8 d ay s  a f t e r  C I DR 

w i thd rawa l . O f  t he 1 6  animals  i n  t h e  s t udy , 2 LBI hei f e r s  ex i b i t ed l ow 

p lasma p r oge s t erone levels ( less  than 1 ng/ml ) 8 d ays f o l l ow i ng t he 

w i thd rawal o f  CIDRs , sugge s t i ng that  these  two h e i f e r s  had f a i led t o  

o v u l a t e  and f o rm a func t i onal corpus lut eum . 

8 .  Changes i n  blood  haema t o c r i t 

Haema t o c r i t s  measured a t  1 50 and 2 1 0  m i n u t e s  a f t e r  

u rea/Tl824 /NaSCN cha l l enge and a t  - 30 ,  -5 , 5 ,  3 0 ,  120  m i nu t e s  r e la t i ve 

t o  t he s t a r t  o f  refee d i ng a r e  shown i n  F i gure 5 . 1 0 .  The r e  was a 

s i gn i f i can t r i s e  ( 1 0% ) i n  haema t o c r i t in t h e  h e i fers  w i t h i n  5 m i n u t e s  

o f  feed i ng .  However ,  n o  e f f e c t s  o f  selec t i on l i n e  wer e  observed  o n  t h e  
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F i gu r e  5 . 7  The ra t e  o f  e a t ing i n  t e rms o f  amoun t ( upper  pane l ) , o r  

p e rce n t ag e  ( mi ddle pane l )  o f  a l l owance consumed p e r  un i t  t i me ,  o r  

amoun t o f  a l l owance consumed duri ng succe s s i ve t i me i n t e rvals  o f  

2 0  m i nu t e s  ( lowe r pane l )  o n  day 1 ( le f t  pane l s )  and day 8 ( r igh t 

p ane l s ) o f  the  expe r i men t in 8 h i gh bree d i ng i nd e x  ( *- - * )  and 8 

l ow breeding index ( o- - o )  h e i fers  ( L=sele c t i on l i ne e f fe c t ,  

P SE=pool ed s t andard e r r o r  o f  the mean . *=P<O . OS ,  a=P<O . O l )  
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Figure 5 . 8  The ra t e  o f  ea t i ng , i n  terms o f  percen t age ( upper  panel ) ,  o r  

amoun t o f  al lowance consumed ( lower pane l )  measured a t  8 0  m i nu t es 

a f t e r  feed i ng ,  a t  2 0  hours b e fore and 28 hours a f t e r  the  

w i t h d rawal of  proges t e rone- i mpregna t ed CIDR i n  8 h i gh b reed i ng 

i ndex ( s o l i d  bar ) and 8 low breed i ng i ndex ( ha t ched bar ) h e i fers  
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F i gure 5 . 9  Plasma concen t ra t i ons o f  proges t e rone rela t i ve t o  day o f  

CIDR wi t hd rawal i n  8 h i gh breed i ng i ndex ( so l i d  bar ) and 8 low 

b reed i ng i ndex ( ha t ched bar ) hei fers . CIDRs were ins e r t ed 1 7  days 

be fore wi t hdrawal 
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Figure 5 . 10 Changes in haematocrit in 8 high breeding index (*---*) and 8 low 

breeding index (o---o) heifers at 1 50 and 2 1 0  minute after the injection of urea, 

T1 824, and thiocyanate, and at the time of refeeding (indicated by the dotted 

line) that following a period of 72 hour fast. 
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haema t o cr i t  a t  any t i m e . 

DISCUSSION 

Th i s  experi men t exami ned t he e f f e c t s  o f  gene t i c  s e l e c t i on f o r  m i l k  

y i e ld o n  s everal phys i ol og i cal  parame t e r s  i n  t he F r i e s i an h e i f e r s , i . e .  

r a t e  o f  ea t i ng ,  vo lume o f  body f l u i d  c ompa r t men t s , p l a s ma 

concen t ra t i ons  of  me t ab o l i t e s and hormones af t e r  f eed i ng and f as t i ng ,  

me tabo l i c  respons e s  t o  chal l enges o f  adrenal i ne admi n i s t e red a t  

d i f f e r e n t  t i me s  a f t e r  f e ed i ng , and me tabo l i c  responses  t o  g l u c o s e  

challenges g i v en wh en the  ani mals  w e r e  t re a t ed wi t h  proges t er one-CIDRs 

and a f t er CIDR r emoval . 

Volumes o f  body f l u i d  compar tmen t s  

Inj e c t i ons  o f  urea , T 1 8 2 4 , and NaSCN i n t o  blood have b e en used t o  

measure body flu i d  d i s t r i bu t i on and body compos i t i on i n  rum i nan t s  

( MacFarlane 1 975) i n c lud i ng c a t t le ( E ley e t  a l . 1 9 8 1 b ; Bar t le e t  a l . 

1 987 , 1 98 8 ; Ros s  e t  a l . 1 9 8 9 ) .  Resul t s  o f  t h i s  s t udy s h owed t h a t 

p lasma vo lume ( es t i ma t ed us i ng T 1 8 2 4 )  accoun t ed f o r  abou t 5% o f  b o dy 

w e igh t ( Table 5 . 1 )  and the cal cula t ed ex t ra c e l lular s pace  ( by NaSCN)  

a c coun ted  f o r  abo u t  2 5% of  LWT , i n  l i n e  w i th presen t  knowl edge 

( MacFarlane 1 9 75 ; E l ey e t  al . 1 9 8 1 b ; R i t s chel  198 6 ) . The u r e a  s p a c e  

w e r e  a l s o  comparable t o  o ther  repo r t s  ( Bar t le e t  al . 1 9 8 7 ; Bar t le e t  

a l . 1 988 ) .  

I n  Cha p t e r  3 ,  i t  was hyp o thes i z ed t h a t  d i f f e rences i n  vo lume o f  

body f l u i d  compa r tmen t s  may have caused d i f f erences i n  p l asma 

c oncen t ra t i on s  o f  me t ab o l i t es , e s p e c i ally o f  u rea , b e tween the two 

l ines . Thi s  s tudy , howeve r ,  showed tha t the  vo lumes of  u r e a  

d i s t r i bu t i on , as we l l  as plasma volume ( T 1 8 2 4  s pa c e ) ,  and ex t ra c e l l u l a r  

f l u i d  volume (NaSCN s pa c e ) ,  we r e  s i m i la r  be tween t h e  H B I  and LBI 

h e i fers . Fur thermor e  the parame t e r s  of the d i sappearan c e  o f  t h e  

i nj ec t e d  u re a ,  T 1 8 2 4  and NaSCN we re no t a f f e c t e d  by s e l e c t i on l i ne , 

s ugges t i ng s i m i l a r  c l ea rance r a t e  o f  these  me t abo l i t e s  i n  t h e  LBI and 

HBI an i mal s .  Thus , any d i f f e rences i n  plasma m e t abol i t e and h ormone 

concen t ra t i ons be tween t he two l i ne s  mus t be  due to fac t o r s  o t h e r  than 

var i a t i on i n  volumes of  body fluid c ompar tmen t s .  
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H o rmone / me t abo l i t e  levels  dur i ng a 2 9  hour o b s e rva t i on p er i od and 

f a s t i ng / r e feed i ng 

Urea : The grea t e r  p l asma urea concen t ra t i on i n  the  LBI h e i f e r s  

d u r i ng t h e  2 9  hour obse rva t i on p e r i od ( F i gure 5 . 1 ) was cons i s t e n t w i t h  

t h e  resul t s  dur i ng the pos tabsorp t i ve per i ods  i n  Chap t e rs 3 and 4 .  

G r e a t e r  plasma urea levels  were also  f ound i n  l ow gene t i c  mer i t calves 

d u r i ng fas t i ng ( T i laka r a t ne e t  a l . 1 980 ; Sej rsen et  a l . 1 9 8 4 ; 

S i nne t t -Smi t h  e t  al . 1 98 7 ) . In  con t ras t , there  we r e  r e po r t s  t h a t  

p lasma u r e a  l eve l s  we r e  grea t e r  i n  fed  cows ( Barnes e t  a l . 1 9 8 5 ) and 

f a s t ed bul l  calves ( Mackenz i e  e t  a l . 1 98 8 )  of h igh gene t i c  m e r i t .  

F u r t h e rmo r e , the change i n  s i gn o f  t h e  s e l e c t i on l i ne  e f f e c t  on plasma 

u r e a  c oncen t ra t i on wi t h  t i me a f t e r  feed i ng obse rved i n  Cha p t e r  3 led  t o  

t h e  hypo thes i s  t h a t  HBI ca t t le  may d i f f er f rom the  LBI ca t t l e  i n  t h e  

v o l um e  o f  u rea d i s t r i bu t i on o r  dynam i cs i n  i nges t i ve / d i ge s t i ve 

func t i on .  B o t h  o f  t h e  hypo theses were exam i ned i n  t h i s  s t udy . The 

p re s e n t r e s u l t s  showed n o  s e l e c t i on l i ne  e f f e c t  on  the  volume of u r e a  

d i s t r i bu t i on .  In  add i t i on , the  s l ower r a t e  o f  ea t i ng and 

s i mul t aneous ly l ower p lasma urea in the  HBI h e i fers  does n o t suppo r t  

t h e  hypo t he s i s  advanced i n  Chap t e r  3 tha t the grea t e r  urea i nc remen t i n  

HBI  h e i f e r s  a t  feed i ng was l i nked w i t h  a grea t e r  i nges t i v e / d iges t i ve 

a c t iv i ty in t he HBI h e i fers . 

Acu t e  f as t i ng ,  wh i ch was an e f f e c t i v e  means o f  d raw i ng apar t t h e  

p lasma urea concen t ra t i ons  i n  h i gh and l o w  gene t i c  mer i t groups  i n  

o th e r  s tu d i e s  ( T i lakara t n e  e t  a l . 1 980 ; Sej rsen e t  a l . 1 9 8 4 ; 

S i nn e t -Smi t h  e t  a l . 1 9 8 7 ) , d i d  n o t  i nduce urea  d i f f e rences be tween t h e  

l i nes  in t h e  p resen t s t udy . In  fac t t h e  s e l e c t i on l i n e  d i f fe re n c e  i n  

p lasma urea  became non-s igni f i cant  dur i ng the  fas t i ng/re feed i ng p er i od . 

The  d i s c repancy be tween t h e s e  resu l t s  i s  d i f f i cu l t  t o  expla i n , bu t may 

have been a f fe c t ed by the  l evels  o f  energy i n t ake or by d i f fe rence  i n  

e n e r gy : pro t e i n r a t i o  i n  the  d i e t s  fed p r i o r t o  fas t i ng . Calves  f e d  

c on c e n t r a t e s  plus hay a t  a d  l i b i t um levels p r i o r  t o  fas t i ng had 

r e l a t i vely  low  p lasma urea c oncen t ra t i ons  (3  mmo l / 1 )  and fas t i ng caused 

a subs t an t i a l  r i s e i n  p l asma urea levels ( T i lakara t ne et  a l . 1 9 8 0 ; 

Sej r s en e t  a l ; 1 9 8 4 ; S i nne t - Smi t h  e t  a l . 198 7 ) . I n  th i s  s t udy , 

however , i n t ake o f  hay was r es t r i c t ed t o  140% o f  MER . M o r eo ve r , plasma 

urea concen t ra t i ons were  h i gher  (5  mmo l / 1 )  before f as t i ng ,  and d e c l i n e d  
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dur i ng t he f a s t . I n  ano ther  s t udy , Mackenz i e  e t  al . ( 1 9 8 8 ) r e p o r t e d  

tha t plasma urea l evel tended t o  b e  grea t e r  i n  fas t ed H B I  b u l l  calves 

that  were p r ev i ou s ly underfed  on  hay . Taken t oge ther , a p i c tu r e  

emerges . An imals  well fed p r i o r  t o  fas t i ng exh i b i t a g r e a t e r  plasma 

urea level  i n  t he low gene t i c  me r i t  calves dur i ng acu t e  fas t ing , 

wher e as a low level o f  feed i ng s t i mula t es a greater  u r e a  level i n  

plasma o f  h i gh gene t i c  mer i t  c a t t l e  dur i ng fas t i ng / r e f e e d i n g .  Th i s  

no t i on i s  suppo r t ed by the  s i gn i f i can t l i n e  x al lowanc e  level 

i n t er a c t i on s  observed in  Cha p t e r  3 .  The LBI he i fe r s  we l l- fe d  ( 1 2 5% 

MER ) i n  t h a t  experiment  ma i n t a i ned grea t e r  u r ea levels  t han o t h e r  

groups d u r i ng the  pos t p rand i al p e r i od ,  wh i le t h e  LBI he i fe r s  und e r - f ed 

( 7 5% MER ) t ended t o  have the  l owe s t i n c remen t i n  plasma urea a f t er 

fee d i ng . 

C r e a t i n i ne : The l ower plasma c r ea t i n i ne concen t ra t i on i n  t he HBI  

h e i f e r s  t han in  t h e  LBI he i fe r s  was cons i s t en t  wi th  the  o b se rva t i ons i n  

Chap t e r  4 ,  and the  HBI he i fe r s  fed  1 2 5% MER t ended t o  have l ower plasma 

c r ea t i n i ne levels  i n  Chap t er 3 .  In t h i s  expe r i men t ,  fas t i ng and 

r e f e ed i ng i nc r eased plasma c rea t i n ine concen t ra t i on i n  h e i f e r s , b u t  t h e  

l i n e  d i f f er ences  r emai ned un changed . A s  t he ext racellular volume i n t o  

whi ch c r e a t i n i n e  was d i s t r i bu t ed  was s i mi lar i n  the  HBI and LBI h e i f e r s  

( Ta b l e  5 . 1 ) ,  t h e  d i f f e ren c e  i n  p l asma crea t i n i ne leve l b e tween t h e  t wo 

l i ne s  c o u l d  have been due t o  a d e c reased body p ro t e i n  c a t abol i s m  i n  t h e  

H B I  h e i fe r s . However ,  i n c r eased p lasma c rea t i n i n e  clearance r a t e  c o u ld 

a l s o  have caused  lower plasma c r e a t i n ine  concen t ra t i ons i n  t h e  HBI 

l i ne . I n  a s t udy of two l i ne s  o f  Romney rams d i vergen t ly s e le c t ed f o r  

f l e e c ew e i gh t , McCut cheon e t  al . ( 1 9 8 7 )  f ound t ha t  h i gh c r ea t i n i ne 

clearance  ra t e s  were asso c i a t e d  wi t h  l ow plasma c r ea t i n i ne and u r e a  

concen t ra t i ons . Al though the gl omerular f i l t ra t i o n  r a t e s  o f  c r ea t i n i n e  

were  n o t measured  i n  t h i s  s t udy , t h e  s l i gh t ly grea t e r  c l earance r a t es 

( s low o r  b-phase )  o f  t h e  i nj e c t ed urea and NaSCN i n  t h e  HBI he i fe r s  

( Ta b l e  5 . 2 ) ,  wh i ch a r e  large ly due  t o  renal clearance ( Ri t s ch e l  1 98 6 ; 

Bar t le e t  al . 1 9 8 7 ) ,  s ugge s t e d  tha t  t h e  d i f f erence b e tween t h e  l in e s  

i n  c r ea t i n i ne w a s  n o t  due t o  d i f ferences i n  r enal func t i on .  Fur th e r  

s tud i es are , however ,  requ i red t o  e s tabl i s h  t h i s  poi n t  uneq u i vocally . 

I t  should be  no t ed t h a t  whi l e  basal plasma c r ea t i n i ne 

c o n c en t ra t i on s  were cons i s t en t ly lowe r i n  the  h i gh gene t i c  mer i t  calves  
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( t he pres e n t  s tudy ) and lac ta t i ng cows ( Pe t e rson e t  a l . 1 98 2 ; M a  

1 985 ) , the e f f e c t s  o f  gene t i c  mer i t on basal p l asma urea l e v e l  appeared 

t o  b e  the o p p o s i t e  i n  calves ( T i l akar a t ne et  a l . 1980 ; Sej r se n  e t  a l . 

1984 ; S i nne t t - Sm i t h 1 9 8 7 ; 

cows ( S tark e t  a l . 1 9 78 ; 

the presen t s t udy ) t o  tha t  i n  l a c t a t i ng 

Pe t e rson e t  a l . 1982 ; Barnes e t  a l . 1 98 5 ; 

M a  1 9 85 ) . Unl i k e  plasma urea , wh i ch can  be  subs t an t i al ly a f f e c t ed by 

d i e t ary fac t o r s , p lasma crea t i n i ne in an i mals fed a c r ea t i n i n e - f r e e  

d i e t  comes m a i nly f r om endogenous p r o t e i n  d egrada t i on and t hu s  s e rves  

a s  a be t t e r  i nd i ca to r  of  body pro t e i n  d egrada t i on than p l asma  urea  

l evel . The r e f o r e , t h e  grea t e r  p lasma urea level i n  t h e  h i gh gene t i c  

m e r i t  cows may r esul t f rom mechan i sms o t her t han grea t e r  endogenous 

p r o t e i n  degrada t i on .  

Glucos e :  G r ea t e r  basal plasma glucose  concen t r a t i ons  w e r e  found 

i n  the  HBI c a t t le in s everal s t u d i e s  ( F lux et  al . 1984 ; X i ng e t  a l . 

1 988 ; Macken z i e  e t  a l . 1 988 ) ,  and i n  t h i s  s t udy ( Fi gu r e  5 . 1 ) .  

G rea t e r  plasma glucose  level s ,  p resumably due t o  a d i f f e rence  i n  en t ry 

r a t e  o r  i n  g l uc o neogenes i s ,  i n  the  HBI t han i n  the  LBI h e i fe r s  a f t e r  

f e e d i ng ,  w e r e  observed i n  the bas e l i ne - c o r re c t ed d a t a  i n  C ha p t e r  3 .  

S maller  v o lumes o f  glucose d i s t r i bu t i on ,  wh i ch may a l s o  favour a h i gher  

glucose  c o n c en t ra t i on in  animals w i t h  a f i xed r a t e  o f  glucose  en t ry , 

were  obse rved i n  t h e  HBI he i f e r s  i n  Chap t e r  4 (Table  4 . 3 ) . Howeve r , 

t he volumes o f  g lucose  d i s t r i bu t i on were  s i m i lar be tween t h e  l i nes  i n  

t h i s  s t udy ( Table  5 . 2 ) .  Grea t e r  glucose  o u t pu t  i n  H B I  h e i f e r s  v i a  

glycogenoly s i s  was a l s o  observed f o llowing the chal l enge o f  

c a t e cholam i n e s  i n  one s tudy ( B r i dges et a l . 198 7 ) , bu t n o t i n  t h i s  

s t udy ( F igur e  5 . 4 ) n o r  i n  Chap t e r  3 .  I n  add i t i on , glycog en o ly s i s  i n  

response t o  glucagon challenge was n o t  a f f e c t ed by s e l e c t i on l i n e  

( Ch a p t e r  3 ;  Mackenz i e  e t  a l . 1 9 88 ) . 

The grea t e r  bas a l  glucose leve l i n  the HBI he i fers  o f  t h i s s t udy 

may also have a r i s en from a d e c reas e d  p e r i ph eral glucose  u t i l i s a t i on 

caused by r educed s e ns i t i v i ty t o  t h e  glucose regul a t o ry e f f e c t  o f  

insu l i n .  E v i dence f o r  t h i s  i s  tha t basal hype r i ns u l i na e m i a  and 

glucose- i nduced  hyp er i nsul i naemi a  in HBI h e i f e rs did no t r e su l t i n  

grea t e r  g l u c o s e  d i sappearance ( F i gu r e  5 . 6 ) .  Concomi t an t hyperglycaemi a  

and hyper i ns u l i naem i a  were obs erved i n  l a c t a t i ng c ows ( Fl u x  e t  a l . 

1 9 8 4 )  and m i lk- fed calves ( Xi ng e t  a l . 1988 ) . 
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NEFA : The s i m i lar  plasma NEFA con cen t ra t i on i n  the HBI and LBI  

he i fe r s  i n  the  2 9  hour o b s e rva t i on pe r i od was cons i s t en t  w i t h  the  

resu l t s  i n  Cha p t e r s  3 and 4 und e r  s i mi l ar cond i t i ons . Fas t i ng t ended  

t o  resu l t  i n  a s l igh tly grea t e r  NEFA level  in  the HBI h e i fe r s . 

S i m i l a r , bu t mo r e  marked , r e s u l t s  were repo r t e d  by T i lakara tne e t  a l . 

( 1 9 8 0 )  who a t t r i b u t ed thi s d i f fe r ence t o  a g r e a t e r  ab i l i ty t o  mob i l i s e 

f a t  r e s e rves i n  h i gh gene t i c  mer i t  an i ma l s  dur i ng energy d e f i c i t .  

Glucagon : The  e f f e c t  o f  gene t i c  s e l ec t i on on p lasma glucagon 

concen t ra t i ons in c a t t l e  has only been r e p o r t ed i n  one  s tudy i n  t h e  

l i t er a ture  ( Barnes e t  a l . 1 9 8 5 ) . Th i s  may r e f le c t t h e  d i f f i cul t y  i n  

r a i s i ng pancrea t i c  s p e c i f i c  glucagon an t i body s u i table f o r  meas u r i ng 

plasma glu cagon l e v e l  in a r ad i o i mmunoassay sys t em . Dur i ng t h e  c ou r s e  

o f  t h i s  s t udy , an t i s e ra s p e c i f i c  f o r  pan c rea t i c  glu cagon has b e e n  

s u c c e s s ful ly produced b y  i mmun i z i ng gu i nea  p i gs wi th B SA-conj uga t ed 

gluc agon and used  t o  measure p lasma glucagon i n  the h e i f e r s  ( Chap t e r  

2 ) .  

I n  v i ew o f  t h e  r egu la t o ry role  o f  glucagon i n  gluconeogene s i s ,  

F l ux e t  a l . ( 1 984 ) i mp l i ed that  p lasma glucagon concen t ra t i on s  m ay 

have been grea t e r  i n  the  HBI than i n  the  LBI cows and t h e r e f o re 

r e s pons i b le  for  t h e  hyperglycaem i a  i n  the  s e lec t ed line . Howe v e r , t h e  

r e po r t  b y  Barnes e t  a l .  ( 19 8 5 ) s howed t h a t  p lasma glucagon was lower 

in  h i gh gene t i c  m er i t  than in  l ow gene t i c  mer i t  ca t t le . I n  t h e  p r e s e n t  

s t ud y  ( Chap ters  4 and 5 )  basa l  p lasma glucagon con c en t ra t i on s  were  

s i m i lar  in  the  HBI and LBI  heifers  i n  the  normal feed i ng o r  

f as t i ng/ r e f eed i ng p e r i ods  des p i t e  t h e  p e r s i s ten t hype rglycae m i a  i n  t h e  

s e l e c t ed l i ne . Ther e fore  t h e  glucagon hypo t h e s i s  prop o s ed b y  F lux e t  

a l .  ( 1 9 8 4 )  i s  n o t suppo r t ed by more r e c en t d a t a . 

I n  t h i s  s t udy the  glycogenolyt i c  e f f ec t s  of  glucagon were s i mi lar  

in  t he HBI  and  LBI he i fers  ( Chap t e r  3 ) .  Th i s  d i f fe red f r o m  t h a t  o f  

Macken z i e  a t  a l . ( 1 988 ) who repor t ed t h a t  t he glycogen o ly t i c  r e s po n s e  

t o  g lucagon cha l l enge was reduced i n  t h e  H B I  b u l l  calves  . The reasons  

for  t h i s  d i s c re pancy are  no t c l ear . As  glu cagon i s  a h o rmone i nv o l ve d  

i n  gluconeogen e s i s  and t hus  glucose and u r e a  produ c t ion  ( Be r gman 1 98 3 b ; 

R i i s  1 9 8 3 ) ,  i t  i s  i n t eres t i ng t o  no t e  that  sele c t i on f o r  m i lk 

p ro d u c t i on has b r o ugh t about  di f ferences  in p lasma c on cen t ra t i on s  o f  
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u r e a  and glucose  bu t n o t o f  glucagon ( a t  leas t i n  t h i s  s t udy ) . 

Me t ab o l i c  responses  t o  feed i ng 

The r i s e  i n  plasma u r ea and crea t i n i n e  concen t ra t i o n  a t  t h e  o ns e t  

o f  feed i ng/ re feeding appears t o  b e  very rap i d . I t  i s  unl i kely  t h a t  t h e  

c r ea t i n i ne was o f  d i e t a ry o r i gi n  as t h e  h e i fers  w e r e  f e d  

c r e a t i n i ne - f ree feed . A l t e red bl o od d i s t r i bu t i on wi thin  the  body o r  

r emoval o f  plasma f lu i d  upon f ee d i ng ( as i nd i ca t e d  by t h e  r i se i n  

haema t o c r i t )  may be t h e  fac t or s  c au s i ng t he chang e s  i n  p lasma urea  and 

c re a t i n i n e  concen t r a t i on .  Ano t h e r  pos s i b i l i t y  i s  tha t t h e  i ncreased  

p lasma u r e a  and  crea t i n i ne o r i g i na ted from  s t i mula t ed mus c l e  a c t i v i t y  

o f  t h e  d iges t i ve t ra c t and t hus  i ncreased p r o t e i n  t u rnove r .  I t  i s  

known tha t feed i ng i s  as s o c i a t ed w i t h  increas ed c a t echolami n e  s e c r e t i on 

( Di amond and LeB l an c  1 98 7 ) wh i ch can s t i mu l a t e  mus c l e  p r o t e i n  

me tabo l i sm i n  the  an i ma l  ( Ni e  e t  a l .  1 98 9 ) . 

A r e la t i ve ly g r e a t e r  increme n t  i n  plasma urea  concen t ra t i on a t  t h e  

o ns e t  o f  f e ed i ng/ r e f e e d i ng was observed i n  the  H B I  he i f e r s . S i m i l a r  

bu t s i gn i f i can t d i f f erences w e r e  also  o b s e rved i n  t h e  

b as e l i ne - c o r re c t ed da t a  i n  Cha p t e r  3 ( Ap pend i x  8 ) .  G i ven t h a t  t h e  

vo lume o f  urea d i s t r i bu t i on and ra t e  o f  ea t i ng w e r e  s i m i lar  b e t ween t h e  

l i nes ( Chap t e r  5 ) , t hen t h e  d i f fe rence may a r i s e  f rom a grea t e r  ra t e  o f  

endogenous  u r e a  produc t i on i n  t h e  HBI l i ne . Howeve r f u r t h e r  research  

is  needed  on  t h e  r a t e  and  con t ro l  o f  gluconeogen e s i s  i mmed i a t e ly a f t er 

f e ed i ng t o  d e t er m i n e  i f  the  d i f fe r ence be t ween the l i nes i s  due t o  a 

d i f fe re n c e  i n  endogenous u rea produc t i on . 

I n creased plasma glucagon a t  f e ed i ng was p r e v i ously repo r t e d  f o r  

ruminan t s  ( Bass e t t 1 9 7 2 , 1 9 7 5 ) , and t h i s  i s  t hough t t o  be  s t i mu l a t ed by 

a numb e r  of m e t a bo l i c  fac t o rs as well  as t he ac t i v i t y o f  t h e  CNS 

( Bass e t t  1 9 8 1 ) .  I n  t h i s  s t udy , HBI hei f e r s  on t h ree occasions ( F igures  

5 . 2  and  5 . 4 )  exh i b i t ed very br i e f  bu t s i gn i f i can t ly grea t e r  i n c re a s e s  

i n  p l asma glucagon concen t ra t i ons  1 5  t o  30 m i n u tes a f t e r  feed i n g .  A s  

hypoglycaem i a  i s  a n  e f f e c t ive s t i mu lus f o r  glucagon s e c r e t i on ,  t h e  

pan c r ea t i c  A-cell  in  HBI  hei f e r s  may be  more s ens i t i ve t o  t h e  d e c r e a s e  

i n  p l a s ma glucose c o ncen t ra t i on s o o n  a f t e r  feed i ng .  A l t erna t i vely , t h e  

grea t e r  gluc agon s e c re t i on may r e f l e c t  a m o r e  ac t ive a u t o no m i c ne rvous 
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glucagon ( Bas s e t t  1 98 1 ;  ) 

enzymes (Woods et  a l . 
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whi ch could cause a grea t e r  r e l e a s e  o f  

and increas ed ac t i v i ty o f  gluconeogen i c  

1 98 1 ; Frohman 1 983 ; Woods 1 9 86 ) . Fur t h e r  

r e s e a r ch i s  needed t o  de t er m i n e  i f  t h i s  t rans i en t  i n c re a s e  i n  glucagon 

s ec r e t i on i n  the HBI he i fe r s  is suf f i c i e n t  t o  a f fe c t e i t h e r  i nges t i v e  

behav i ou r  o r  g l uconeogene s i s . 

Haema t o c r i t :  The i mmed i a t e  r i s e  i n  haema t o c r i t ( PCV ) w i t h i n  5 

m i n u t e s  a t  t h e  ons e t  o f  feed i ng may par t ly r e f le c t a r e l ea s e  o f  r ed 

b l o o d  c e l l s  f r o m  t he spleen i n t o  c i r cula t i on ( MacFar lane 1 9 7  Swens on 

1 97 7 ) . Increases  i n  PCV o f  u p  t o  10- 1 3 %  can be achi eved i n  s h e e p  

w i t h i n  1 0 - 3 0  m i nu t e s  o f  feed i ng ( MacFar lane 1 9 7  ) .  Red uc t i on o f  p l as ma 

v o l ume , as a resu l t  o f  f l u i d  moveme n t  f rom t h e  plasma i n t o  o t h e r  body 

f lu i d  c ompar tmen t s  upon feed i ng , may also c on t r i bu t e  to an i n c rease i n  

rev, b e cause s plenec t omy d i d  no t abo l i sh the  r i s e  i n  haema t oc r i t  on 

f e e d i ng ( MacFar lane 197  ) .  Moveme n t  of wa t e r  f rom the p lasma i n t o  

d i ge s t i ve t rac t , 

( Swenson 1 9 7 7 ) ,  

par t i c u l a r ly i n t o  the  rumen , i ncreased on f e ed i ng 

and 

i n cr e a s ed on f e ed i ng 

the  mo i s ture c o n t e n t  o f  a d i p o s e  t i s s u e  a l s o  

i n  ra t s  ( Ca rnehe im and Alexson 1 98 9 ) . The r e f o r e  

t h e  c hanges i n  plasma me tabo l i t e  and ho rmone concen t ra t i on s  i n  t h e  

h e i f e r s  may have been i n f luenced b y  a reduc t i on i n  plasma v o lume as  a 

r e s u l t of  f e ed i ng .  

E f fe c t  o f  t i m i ng o f  adrenal i ne chal l enge r e la t i ve t o  f e e d i ng 

The magn i t ude o f  l i p o ly t i c  and glycogenoly t i c  r es ponses  t o  t h e  

adrenaline  challenge was s ign i f i can t ly i n fluenced by t h e  t i m i ng o f  t h e  

c h a l le nge r e l a t i ve t o  feed i ng and fas t i ng . L i poly t i c  r esponse  t o  

ad renaline  was m i n ima l  7 hours a f t e r  feed i ng ,  and max i mal 7 2  hours  

a f t e r  fas t i ng , whe reas the  reve r s e  was t ru e  f o r  glyc ogenoly t i c  

r e s ponses . Th i s  i s  i n  agreemen t wi th  the o b s e rva t i ons  by B lum e t  a l . 

( 1 9 8 2 ) and Frohl i and Blum ( 1 988 b ) . 

A l t hough t h e  NEFA res ponses t o  adrena l i ne chall enge were s i m i l ar 

b e tween t h e  s e le c t i on l i nes , t h e r e  were s i gn i f i can t l i ne x t i me  o f  

c h a l lenge i n t erac t ions i n  p re-challenge plasma NEFA c on c en t ra t i on .  HBI 

h e i f e r s  exh i b i t ed grea t e r  NEFA levels  wi th  i n c reas i ng t i me  of  f a s t i ng . 

T h i s  i s  cons i s t e n t  w i t h  t h e  resu l t  o b t a i ned by T i laka r a t n e  e t  a l . 
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( 1 980 )  who f ound p lasma NEFA was s i gn i f i can t ly h i gher i n  t h e  h i gh 

gene t i c  mer i t calves a f t e r  fas t i ng . 

P lasma glucose  concen t r a t i ons  f o l l owing adrenal ine chal l enge were  

gener a l ly , but  n o t s i gn i f i can t ly , h i gher  i n  the HBI  t han in  t h e  LBI  

he i fe r s  i n  this  s t udy and  the d i f f e r ences appeared t o  i nc rease  wi t h  

t ime o f  fas t i ng ( F igure 5 . 4 ) . T h i s  i s  cons i s t en t  w i t h  t h e  obse rva t i on 

repo r t e d  by B r i dges e t  al . ( 1 987 ) t h a t  HBI hei fers  t ended t o  have a 

grea t e r  glyc ogenoly t i c  response t o  adrena l i ne challenge . However  t h e  

d i f f e re n c e  b e tween t h e  HBI and L B I  h e i fers  were s i gn i f i ca n t  i n  t h a t  

s tudy b u t  no t i n  t h e  present  i nves t i ga t i on .  

N o  s i gn i f i can t selec t i on l i ne e f f e c t s  on l i po ly t i c  and 

glycogeno ly t i c  r e s p onse to ad rena l i ne challenge were o b s e rved in t h i s  

s t udy . Res u l t s  t he re fo re d o  no t  suppo r t  the  hypo the s i s  p r o po s e d  i n  

Chap t e r  3 t h a t  a grea ter  glycogenoly t i c  res ponse a t  f e ed i ng , bu t a 

grea t e r  l i po ly t i c  response d u r i ng fas t i ng , t o  ad rena l i n e  challenge may 

have e x i s t e d  in HBI he i f ers . Thu s , the d i s c r epancy b e t w e en Chap t e r  3 

and t h e  s t udy o f  B r i dges e t  al . ( 1 987 ) i n  g r ea t e r  

l i po ly t i c /g lycogenoly t i c  res ponse i n  the  HBI he i fe r s  t o  ad renal i ne 

chal lenge rema i ns t o  be  eluc ida t ed . 

M e t abo l i c  r e s p onses  t o  glucos e challenge and t h e  i n f luence  o f  

proge s t e ro n e  o n  me t abol i sm 

The  grea t e r  p lasma insul i n  c oncen t ra t i ons  i n  s amples  c o l le c t e d  

b e f o r e  t h e  glu c o s e  challenge i n  the  H B I  h e i f e rs a r e  i n  l i n e  w i t h  

repo r t s  i n  lac t a t i ng c ows ( Flux e t  al . 1 984 ; Barnes e t  al . 1 98 5 ) , 

m i l k- f e d  calves ( Xi ng e t  al . 1 9 8 8 )  and bull calves ( Ma cken z i e  e t  a l . 

1988 ) . M o r eover t h e  grea t e r  panc r ea t i c  insul i n  s e c re t i on i n  t h e  HBI  

h e i f e r s  a f t er glucose  challenge was cons i s t en t  wi t h  t h e  resu l t s  i n  

Chap t e r  4 when t he he i fers were t re a ted  s i m i larly w i th  proge s t er on e . 

The r e su l t s  p r e s e n t e d  i n  Chap t e r  4 provided c i rcums t an t i a l  suppo r t  f o r  

t h e  hypo t he s i s  tha t var i a t i on i n  t h e  s t age o f  oes t rous  c y c l e  o f  t h e  

he i fe r s  i n  Cha p t e r  3 masked any d i f fe rences i n  i n su l i n  res ponse t o  

glu c o s e  be t ween t h e  l i nes . McCann and Reimers  ( 1 98 6 )  r e p o r t ed t h a t 

bas al  i ns u l i n  levels i n  h e i f e r s  was h i ghe r  d ur i ng oes t ru s  t han dur i ng 

d i o e s t rus . The expe r i men t d e s c r i bed i n  t h i s  Chap t e r  was d e s igned t o  
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t es t  the  h y p o t h e s i s  t h a t  insul i n  r e l ease t o  glucose chal lenge woul d  

d i f fe r  be tween h e i fers  t re a t ed wi th  p roges t erone and i mmed i a t e l y  a f t er 

t he p roges t e rone wi t hd r awal . However , basal plasma i n s u l i n  i n  t h i s  

s t udy was n o t  a f f e c t ed by t h e  presence o r  wi t h d rawal o f  

p r oges t erone-CIDR ( PWPC ) ( wh i ch should app r ox i ma t e  t h e  d i oes t r ou s  and 

o e s t rus phase s  r espe c t i ve ly )  ( F igure 5 . 6 ) . S i m i l ar ly , i n su l i n  r e l e a s e  

t o  glucose c ha l l enges w a s  largely una f fe c t ed b y  PVPC . The re fo re , i t  i s  

s t i l l  no t c l ear  why i nsul i n  s e c r e t i o n  ra t e s  were s i m i l a r  be tween t h e  

l i nes  i n  Chap t e r  3 when the  oes t rous  c y c l es i n  t h e  h e i f e r s  w e r e  n o t  

c o n t rolled by p roges t e rone . Neve r t h e l e s s  i n s u l i n  release i n  r e s po n s e  

t o  glucose c ha l l enge i n  b o t h  HBI and L B I  he i f e r s  i n  Chap t e r  3 a n d  i n  

L B I  hei fers  i n  Cha p t e rs 4 and 5 were s im i lar , bu t lower than tha t o f  

t h e  HBI he i fe r s  i n  Chap t e rs 4 and 5 .  Th i s  may s ugge s t  t h a t  

p roge s t e rone t re a tmen t  sens i t i sed  t h e  panc reas o f  t h e  H B I  h e i f e r s  t o  

t h e  glucose s t i mulus . Th i s  may b e  b rough t about by a d i f fe r en t i a l  

hype r t r ophy e f f e c t  o f  p r oges t e r one on  t h e  pancrea t i c  i s l e t s  i n  t h e  two 

l i nes . Chron i c  t reatment  wi th  p roge s t e r one o r  oes t rad i o l  alone o r  i n  

c omb i na t i o n  r e s u l t ed i n  hype r t rophy o f  panc r ea t i c  i s le t s  i n  l a b o r a t o ry 

roden t s  ( Co n s t r i n i  and Kalkho f f  1 9 7 1 ; Bai ley and Ahme d - S o r o u r  1 98 0 )  

and induced glucose i n t olerance i n  t h e  animals ( Me t ca l f e  e t  a l . 1 9 88 ) . 

M cCann and Re i me r s  ( 1 986 ) obs erved tha t h e i fers i n  o e s t ru s  had 

gr e a t e r  b a s a l  p l asma concen t ra t i ons  of glucose  t han t h o s e  i n  d i oe s t ru s . 

T h i s  was cons i s t en t  w i t h  the  presen t resul t .  Plasma g l u c o s e  b e f o r e  and 

a f t er glu c o s e  challenge were grea t e r  in the h e i fers 46 hours  a f t e r  CIDR 

w i t hd rawn . M o reove r , the  s i gn i f i can t l i n e  x presen c e /wi t h d r awal o f  

CIDR i n t e r a c t i ons on  pre-chal lenge p lasma glucose concen t ra t i on 

i nd i ca t ed a g r e a t e r  r i s e i n  the HBI he i fers  f o l lowing t h e  w i t hd rawal o f  

proges t e r o n e -C I DR .  

A s  s e le c t i on l i ne d i f ferences  i n  plasma c oncen t ra t i ons  o f  u r ea , 

c r ea t i n i ne , g l u cose and insul i n  were obs erved i n  t h i s  expe r i men t , i t  i s  

i n t e res t i ng t o  s pe cula t e  tha t i n t er r e l a t i onsh i ps o r  c au s e - e f f e c t  

r e la t i on s h i p  may ex i s t  among t h e s e  parame t e r s . F o r  i n s t an c e , t h e  

g r e a t e r  b a s a l  p lasma glucose level  i n  the H B I  he i fers  may b e  due  t o  an 

i n c reased glucose  s pa r i ng e f f e c t  in t h i s  group . Th i s  hyp e rglycaemi a  

may i n  t u r n  have p r i me d  t h e  pancrea t i c  b-cel l  f o r  a grea t e r  r e s po n s e  t o  

me t abo l i c  s t i mu lus i n  the HBI he i f e r s . M o reover the hyperglycaemi a  i n  
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t h e  HBI h e i f e r s  m ay h ave h ad a i nh i b i t i ng i n f luence o n  b l o o d  u r e a  

concen t ra t i o n . Hyperglycaem i a  p roduced b y  chron i c  i n f us i on o f  glu c o s e  

caused  s i gn i f i can t r e duc t i ons i n  plasma u r e a  i n  man ( Jahoo r  and Wol fe 

1 98 7 ) ,  sheep ( Summer and Weekes 1 98 3 ) and c alves ( P e t i t  e t  a l . 1 9 88 ) . 

M o reove r , nega t i v e  c o rrela t i ons b e tween plasma glucose and u r e a  have 

b e en observed in c a t t l e  ( T i l akaratne e t  al . 1 980 ; Barnes e t  a l .  

1 985 ; Chap t e r  3 unpubl i shed ) .  

E ley e t  a l . ( 1 9 8 1 a )  repo r t ed tha t plasma p roge s t erone concen t ra t i on 

was h i gher  i n  p regnan t cows o f  h i gh gene t i c  m e r i t p r i o r  t o  par t u r i t i o n . 

I n  t h i s  s t udy , t h e  end ogenous p roges t erone was only measured a f t e r  

p roge s t er one-CIDR w i t hd rawal , wh i ch was r e la t i ve ly ( by 50% ) bu t n o t 

s i gn i f i cant ly h i gher  i n  t h e  HBI h e i fers  ( F i gu r e  5 . 9 ) . As t h i s  r e s u l t  

was a f fe c t ed b y  t he very l ow levels o f  proges t erone i n  t wo LBI h e i f e r s , 

t h e  e f fe c t  o f  gene t i c  s e l e c t i on on plasma proges t e rone concen t ra t i on 

n e e d s  fur ther  i nves t i ga t i on .  

Ra t e  o f  e a  i 

The ea t i ng behav i ou r , l i ke o t her  behav i ours  of  an animal , i s  

regu l a t ed b y  t h e  hormonal-CN S  sys tem and has a s t rong gene t i c  compon e n t  

( Fr a s e r  1 985 ; Arno l d  1985 ; Cav i ness  198 7 ) . I t  i s  known tha t d i s t i n c t  

gene t i c  var i a t i on i n  i nges t i ve behav i ou r  ex i s t s  be tween s p e c i e s  d u r i ng 

t he p ro ce s s  o f  evolu t i on ( B e i lharz 1985 ; Arnold 1 9 85 ) . Gene t i c  

var i a t i ons  i n  t h e  i ns t i n c t s  t o  expl o r e  t h e  envi r onmen t f o r  food  may be  

a f a c t o r  a f fe c t i ng t h e  p roduc t i on p e r f o rmance o f  d a i ry c a t t l e . 

In  t h i s  expe r i men t ,  the  ra t e  o f  ea t i ng was s l i gh t ly grea t e r  i n  LBI 

t han in HBI h e i f e r s , bu t t h i s  was s i gn i f i can t only on t h e  f i r s t  d ay o f  

o b s e r va t i ons  ( Fi gu r e  5 . 7 ) .  I t  i s  known tha t the con t ro l  o f  e a t i ng 

behav i ou r  i n  an i ma l s  i s  r egula t ed by a c omplex o f  neuro pep t i d e s  a s  w e l l  

a s  h o rmones a n d  me t abol i t es ( s e e  r ev i ews : d e  J ong 1986 ; B a i l e  e t  a l . 

1 9 8 7 ; M o r l ey 1 9 8 7 ; Oomura 1 987 ) .  In  t h i s  cas e , t h e  s l ower r a t e  o f  

e a t i ng i n  t h e  HBI l i ne  may have resul t ed f r o m  a grea t e r  p lasma g l u c o s e  

concen t ra t i on i n  t h e  H B I  an i ma l s . Fal ls i n  p lasma glucose  l e v e l s  a r e  

known t o  s t i mu l a t e  i nges t i on whereas i n fus i on o f  p r o p i ona t e  c a u s e s  

i n c reases  i n  p l asma glucose l e v e l s  ( T i l akar a t n e  e t  al . 1 9 8 0 ) and 

d e c reases i n  meal s i ze ( de J ong 1986 ) . The h igher glucagon l ev e l  i n  
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t h e  HBI h e i fers  a t  f e e d i ng ,  a l t hough i t  e x i s t ed bri e f ly , may have a l s o  

been a s so c i a ted  wi t h  t h e  s lower r a t e  o f  ea t i ng be cause i ncreased  p l a s ma 

g lucagon concen t ra t i on i s  seen as  a s i gnal o f  s a t i e ty i n  var i o u s  

s pe c i e s  ( De e t z  and Wangsness 1 9 8 1 ; Forbes 1 9 7 9 ; 1985 ; M o rl ey 1 9 8 7 ; 

O omura 1 9 8 7 ) . 

The s lower ra t e  o f  e a t i ng i n  the  HBI h e i f e r s  seems t o  con t ras t 

w i th t h e  observa t i on s  that  HBI cows t ended t o  e a t  more  than LBI cows 

e s p e c i a l ly in lac t a t i on ( B ryan t & Trigg 1 98 1 ; Davey et  a l . 1 9 8 3 ; 

H olmes 1 9 88 ) . I t  may be that  i n  those s t ud i es t he gr e a t e r  food  i n t ake 

by the HBI c a t t le was due to a l onger t i me  s pen t graz i ng as  h i gh 

y i eld i ng c ows t ended t o  s pend more  t i me graz i ng than l ow y i eld i ng c ows 

( Brumby 1 95 9 ) . H i gh y i eld i ng c ows would a l s o  be  expe c t e d  to have a 

g rea t e r  n u t r i t i onal d emand whe reas the same would no t be  t rue  i n  t h e  

c alves ( un l e s s  t h e r e  were sub s t an t i al d i f f e rences i n  mai n t enan c e  

r equi reme n t  o r  e f f i c i ency o f  l i vewe igh t  gai n ) . Howeve r , t h e  s lowe r 

r a t e  o f  e a t i ng i n  t h e  HBI he i fe r s  i s  no t cons i s t en t  w i t h  t h e  hypo thes i s  

p roposed i n  Chap t e r  3 t ha t  a grea t e r  eat ing r a t e  may b e  r e s p ons i bl e  f o r  

t he h i ghe r  p lasma u rea level i n  the HBI h e i fers  a t  feed i ng . 

F u r t h e rmo r e , there was no e f f e c t  o f  s e l e c t i on line  on  ra t e  o f  ea t i ng 

beyond d ay one o f  t h e  measuremen t s . 

I n  s ummary , gene t i c  selec t i on f o r  m i lk p r odu c t i on has r e s u l t ed i n  

d ecreased p lasma concen t ra t i ons  o f  urea and c r ea t i n i ne ,  bu t i nc reased  

p lasma concen t ra t i on o f  glu c o s e  i n  t h e  h e i fers t re a t ed w i t h  

p roge s t e rone . The s e  d i f feren c e s  are  unl i ke ly t o  b e  d u e  t o  d i f ferences  

in  t h e  d i s t r i bu t i on v o lumes as t h e  volumes of  p lasma and  e x t racellular  

fluid  were  s i mi lar  i n  t h e  HBI and  LBI  he i f e r s . Ad rena l i ne challenge a t  

d i f fe ren t t i mes f ro m  f e e d i ng resul t ed i n  d i f f erent  pa t t e rns o f  glucose  

and  NEFA res pons e , i nc reased l i polys i s  and  d e c reased glycogenoly s i s  

b e i ng a s s o c i a t ed w i t h  i n c reas i ng t i me o f  f as t i ng . The HBI h e i f e r s  a l s o  

exh i b i t e d  g r e a t e r  basal gluco s e  and i ns ul i n , and i n s u l i n  s e c re t i on t o  

glucose challenge . Whe r eas t h e  i nsul i n  d i f f e renc e s  wer e  largely 

una f f e c t ed by t h e  p r e s ence/wi thd rawal of p r oges t e rone-CIDR , basal 

glucose  was el eva t ed a f t er p roges t e rone-CIDR w i thd rawal ,  par t i cularly 

i n  t h e  HBI  h e i fers . 
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CHAPTER SIX: GENERAL DISCUSSION AND CONCLUSIONS 

In v i ew o f  t he po t en t i a l  bene f i t s  o f  us i ng me t abo l i c  

chara c t er i s t i cs a s  gene t i c  marke rs i n  da i ry ca t t l e  b r e e d i ng ( Chap t e r  

1 ) ,  t he p r e s e n t  s t udy was conduc ted  t o  i den t i fy d i f ference s  be tween t h e  

HBI  and L B I  h e i f e rs i n  s o m e  o f  t he s e  charac t er i s t i cs .  As n o t ed i n  

Chap t e r  1 ,  marke rs should have a number o f  a t t r i bu t e s : 

1 ) . They should be eas i ly measured , p r e f e rably und e r  f i el d  

c o nd i t i ons , w i th l o w  e t h i ca l  cos t o f  measuremen t ( i . e .  n o t  h a r m f u l  t o  

t h e  anima l ) a n d  l o w  e c onomi c cos t o f  assay . 

m e t ab ol i c  charac t er i s t i c s as marke r s  would 

a n i ma ls to be s c reened , so ensu r i ng tha t 

avai lable f o r  s e lec t i on was max i m i s e d . 

The use o f  e a s i ly-measured 

a l low large num b e r s  o f  

the po t en t i a l  gene pool  

2 ) . They  should be  expressed in  yo ung a n i ma l s , p r e f e rably 

t o  f i r s t  ma t i ng ,  so that  the  gene r a t i on i n t e rval can be  reduced 

m i n i mum . 

p r i o r  

t o  a 

3 ) . They should b e  gene t i ca l ly correla t ed w i t h  l ac t a t i onal  

p e r f o rmanc e  and e i ther  pos i t i ve ly c o r rela t ed or  n o t c o rr e l a t ed at  all  

w i t h o th e r  d e s i rable  produc t i on t ra i t s . 

I n  t h i s  s t udy , s e le c t i o n  l i ne  h e i f e rs were used  as t h e  bas i s  f o r  

i den t i fy i ng p o t en t i a l  g ene t i c  markers . An i mals  f rom t h e s e  l i ne s  have 

t he advan t age that  t h ey are known to be  d i f fe r e n t  i n  ave rage gene t i c  

mer i t even t hough t h e  gen e t i c  me r i t o f  i nd i v i d ual ani ma l s  w i t h i n  l i n e s  

i s  n o t  known . Resul t s  f rom s tu d i e s  w i th  t h e  he i fe r s  may a l s o  b e  

c ompared w i t h  resu l t s  f rom c ows i n  t h e  same l i nes . Th i s  g i ve s  s ome 

i nd i ca t i on as to  whe t h e r  gene t i c  var i a t i on i n  me tabo l i sm o f  t h e  c ows i s  

a l s o  exp r e s s ed i n  the i r  d augh t e r s . 

I .  Di f ferences in basal plasma c oncentra t i ons of me taboli t es and 

hormones and the i r  responses t o  feeding/ fas t i ng be tveen the HBI 

and LBI hei fers 

In t h i s  s t udy ,  o n e  o f  the  mos t cons i s t e n t s e le c t i on l i n e  

d i f f erenc e s  w a s  i n  p o s t -p rand i al plasma u rea concen t r a t i ons , t h e  HBI 

h e i f e rs mai n t a i n ing lower levels than t he LBI h e i f e rs ( Chap t e rs 3 ,  4 ,  

and 5 ) . These resu l t s  were  i n  l i n e  w i th  t h e  resu l t s o f  T i lakar a t ne e t  
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a l . ( 1 980 ) , Sej r s e n  e t  al . ( 1 984 ) and S i nne t t-Sm i t h  e t  a l . ( 1 987 ) 

who o b s erved e leva t ed urea concen t ra t i ons  i n  fas t ed low gene t i c  m e r i t  

calves . T h i s  may h ave reflec t ed a d i f fe rence be tween t h e  l in e s  i n  t h e  

r a t e  o f  endogenous pro t e i n  d egrada t i on ( T i lakara t ne e t  a l . 1 9 80 ) . 

The d i f ferences  i n  p lasma u r e a  leve l be tween the l i n e s  sugges t  t h e  

p os s i b i l i ty tha t p lasma urea m i gh t b e  u s e d  a s  a gene t i c  marker f o r  

p r ed i c t i ng d a i ry mer i t .  Plasma urea has been shown t o  have a 

mode r a t e l y  high repea t ab i l i ty , h e r i t abi l i t y ,  and gene t i c  c o r r e l a t i o n  

w i t h  m i lk produ c t i on ( S t ark e t  a l . 1 9 7 8 ; P e t e r s on e t  a l . 1 9 8 2 ; M a  

1 9 8 5 ; Woo l l i ams a n d  Smi t h 1988 ) . Howeve r , these  parame t er s  w e r e  

measu r ed i n  c ows , a n d  could be  a f f e c t ed b y  envi ronmen t a l  fac t o r s  w i t h  

i nc re a s i ng age o f  t h e  anima l . I n  add i t i on t h e  e f f e c t  o f  gene t i c  m e r i t  

o n  p lasma urea level was pos i t i ve i n  cows ( S tark e t  a l . 1 9 7 8 ; 

P e t e r s on e t  a l . 1982 ; Ma 1 98 5 )  but  nega t ive  i n  t h e  calves  

( T i l akara t ne e t  a l . 1 980 ; Sej r s e n  et  al . 1 984 ; S i nne t t - Sm i t h  e t  a l . 

1 98 7 ) .  Therefore  some reserva t i ons mus t exi s t  concern i ng t h e  poss i b l e  

u s e  o f  t h e  pos t - p rand i al o r  fas t i ng plasma urea c oncen t ra t i o n s  a s  a 

gene t i c  marker for  pred i c t i ng d a i ry me r i t .  The phys i o log i ca l  

me chan i s ms respons i b l e  f o r  t h e  gene t i c  d i f f e rence shou l d  be  c l ar i f i ed 

f i r s t  be f o re w i d e  use o f  the  pos t -pran d i a l urea level as a marke r . 

A l t e r na t i ve ly one migh t  c o n s i d e r  us i ng the  urea response  t o  

feed i ng a s  a gene t i c  marker t o  pred i c t  d a i ry m e r i t ,  because grea t e r  

eleva t i on i n  plasma urea level i mmed i a tely  af t e r  feed i ng was f ound i n  

t h e  HBI he i fe r s  t han i n  t h e  LBI h e i f e rs ( Chap t e r  3 ,  bas e l i n e  

c o r r e c t ed ) .  However ,  t h i s  d i f f e r ence appears t o  b e  r e s t r i c t ed t o  a 

s ho r t  p e r i od a f t e r  feed i ng and was mo s t  apparen t when t h e  an i mals  w e r e  

und e r f ed . T h e s e  grea t e r  urea  levels i n  t h e  H B I  h e i fers  a f t e r  f e e d i ng 

were  s i m i lar  t o  the resul t s  o f  Barnes e t  a l . ( 1 985 ) and Ma ckenz i e  e t  

a l . ( 1 9 8 8 ) . The d i f ference was reduced i n  t he we l l  fed an i ma l s , b u t  

appears t o  be repe a t able from  expe r iment  t o  exper imen t ( Chap t e r  3 v s  

Chap t e r  5 )  o r  f r o m  day t o  day ( i n Chap t e r  5 ) . T h e  mechan i sms f o r  t h e  

pos t - f ee d i ng d i f f erence i n  p lasma u r e a  are  no t known b u t  t hey d o  n o t 

appear  t o  involve d i f ferences be t ween t h e  l i nes i n  urea s pa c e  o r  r a t e  

o f  f ood  c onsump t i on ( Chap t e r  5 ) . 

A l t h ough t h e  role  o f  p lasma urea as  a p o t en t i al gene t i c  marker f o r  
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dai ry mer i t  i s  y e t  t o  b e  ver i f i ed ,  i t  i s  i n t eres t i ng t o  no t e  t h a t  

s e l e c t i on l i ne d i f f erences i n  urea con c en t ra t i on h ave been o b s e rved i n  

a numbe r  o f  o t her  s i t ua t i ons . Thes e  i n c lude l i nes o f  sheep d i vergen t ly 

s e l e c t ed f o r  f l e e c eweight  ( McCu t cheon e t  a l . 1987 ; Clark e t  a l . 

1 98 9 )  o r  l ean t i s s u e  grow th ( Br emme rs e t  a l . 1988 ; Car t e r  e t  a l . 

1989 ; Van Maanen e t  a l . 1 989 ) and p i g  l i ne s  d i vergen t ly s e l e c t ed o n  

the bas i s  o f  f a t n e s s  ( Me rsmann e t  al . 1 9 84 ) . I n  each case  t h e  h i gh 

gene t i c  mer i t  l i ne s  had l ow plasma urea concen t ra t i ons dur i ng b as a l  

cond i t i ons ( fed every 2 hours ) o r  fas t i ng .  Thus t here  may b e  a c ommon 

gene t i c  rela t i onsh i p  be tween p lasma urea concen t ra t i on and p roduc t i v i t y  

( pe rhaps pro t e i n  d e p os i t i on ) . Clearly , there f o re , the role  o f  u r e a  a s  

a p o t e n t i al gene t i c  marker war ran t s  f u r t h e r  s t udy . 

The l ower plasma c rea t i n i n e  concen t ra t i on s  i n  the  HBI h e i fe r s  

dur i ng the  pos t p rand i a l  p e r i od ( Chap t e r s 3 ,  4 and 5 )  suppo r t  t h e  u r e a  

resul t s  and t h e  c on c e p t  f i r s t proposed b y  T i lakar a t ne e t  a l  ( 1 980 ) tha t 

s e l e c t i on f o r  m i lk p r oduc t i on i n  ca t t le  has favoured the  mobi l i sa t i on 

o f  o t h e r  energy r e s e rves ( p r i mar i ly f a t ) r a t h e r  t han body p r o t e i n  

reserves  d u r i ng a p e r i od o f  ene rgy de f i c i t .  I n  add i t i on ,  t h e  e f f e c t  o f  

gene t i c  s e l ec t i o n  o n  plasma crea t i n i ne appears t o  be cons i s t en t  i n  

calves and i n  cows a s  nega t ive  gene t i c  c o r re l a t i ons be tween p lasma 

crea t i n i ne leve ls  and m i lk p roduc t i on have been  repor t ed i n  l a c t a t i ng 

cows ( Pe t e r s on e t  a l . 1982 ; Ma 1 9 85 ) . Th i s  c ons i s t ency o f  t h e  

gene t i c  rela t i on sh i p  be tween p lasma crea t i n i ne and dai ry mer i t ( i . e .  

i t s a pparen t i nd ependence o f  age and phys i o lo g i cal s t age ) could g i ve a n  

advan t age t o  plasma c rea t i n i ne over plasma urea as t h e  p r e f e r r e d  

gene t i c  marke r . L i ke p lasma u rea , plasma c re a t i n i ne has 

h i gh r epea t i b i l i ty and is e as i ly sampled and assayed . 

i n t e re s t i ng t o  n o t e  t h a t  sheep o f  h i gh gene t i c  mer i t f o r  

a r e l a t i v e l y  

Aga i n  i t  i s  

f l ee c ewe i gh t  

have low c i rcula t i ng crea t i n i ne concen t ra t i ons , as we l l  a s  l ow u r e a  

concen t ra t i ons , compared wi t h  s h e e p  o f  l ow gene t i c  mer i t  ( M cCu t cheon e t  

al . 1 98 7 ; Clark e t  a l . 1989 ) . 

I f  p lasma u rea and crea t i n i ne were t o  be  used as gene t i c  mark e r s  

i t  wou l d  p robably be  ne cessary t o  con t ro l  envi ronmen tal  cond i t i ons  o f  

the an i ma l s  und e r  t e s t  s i nc e , a s  shown i n  t h i s  s t udy , c i rcula t i ng u r e a  

and c r ea t i n i n e  c o n c en t ra t ions , and t h e  be tween- s e l e c t i on l i n e  

d i f fe r ences , a r e  marke d ly i n f luenced by fac t o r s  s uch a s  n u t r i t i on a l  
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s ta t u s  and t i me rela t i v e  t o  feed i ng ( Chap t e r  3 ) . These r e s u l t s  a r e  

a ls o  cons i s t an t  wi th t h o s e  i n  shee p . Thus McCu t cheon e t  a l . ( 1 98 7 )  

s h owed tha t the  correl a t i on b e twe en plasma urea c on c en t ra t i on s  i n  s h e e p  

h e ld und e r  con t r o l l ed cond i t i ons , and those  i n  the  s ame sheep  a t  

g ra z i ng ,  was very low . The r e fo re , fur ther  evalua t i on o f  p lasma u r e a  

and c rea t i n i ne as po t en t i a l  marke r s  w i l l  be requ i red . Th i s  woul d  

i de a l ly be  accomp l i shed b y  meas u r i ng plasma urea and c r ea t i n i n e  

c on c e n t ra t i ons ( under appro p r i a t e  cond i t i ons ) i n  young b u l l s  wh i ch a r e  

t o  b e  progeny t e s t ed , a n d  then d e t e rm i n i ng t h e  s i z e  o f  t h e  gene t i c  

c or r e la t i ons  wi t h  m i lk p r odu c t ion . 

A l t hough basal plasma glucose t ended t o  be  grea t e r  i n  t h e  HBI 

h e i f e rs the d i f f e rences were not always s i gn i f i can t i n  t h i s  s t udy . 

T h i s  i s  i n  l i ne wi th  t h e  res u l t s  o f  o t hers ( T i lakaratne e t  al . 1 98 0 ; 

F l u x  e t  a l . 1 984 ; Barnes e t  al . 1 985 ; Macken z i e  e t  a l . 1 98 8 ; X i ng 

e t  a l . 1 9 88 ) . A t  p r e s en t no  f i rm conclusi ons can be  d rawn a b o u t  t h e  

s u i t ab i l i ty o f  blood glucose  a s  a gene t i c  marker  i n  d a i r y i ng because 

i t s r epea t ab i l i ty ,  h e r i t ab i l i ty ,  and  gene t i c  c o r re la t i on w i t h  m i l k  

y i e l d  a r e  n o t wel l  e s t i ma t ed in ca t t l e . In gene ral , one m i gh t  expe c t  

b as a l  glu c o s e  concen t ra t i on t o  b e  o f  l i m i t ed use  as a gene t i c  marke r 

b e cause i t  i s  unde r  t i gh t homeos t a t i c  con t ro l . 

Grea t e r  basal plasma i nsul i n  concen t ra t i on s , and levels  a f t e r  

c h a l l enges o f  glucos e , argin i ne and i nsul i n  inj e c t i ons , have been 

p re v i ous ly r e po r t ed i n  h igh gene t i c  me r i t ca t t le  ( F lux e t  a l . 1 9 8 4 ; 

B a r n e s  e t  a l . 1985 ; Mackenz i e  e t  al . 1988 ; X i ng e t  a l . 1 9 88 ) . I n  

t h e  expe r i men t des c r i bed i n  Chap t e r  3 ,  p lasma insu l i n  levels  i n  

r e s p onse t o  f e ed i ng wer e , however ,  l ower i n  t h e  HBI hei f e r s  than i n  t h e  

L B I  h e i f e r s . I n  o t h e r  expe r i men t s  repor t ed i n  t h i s s t udy , d i f f e re n c e s  

b e t we en t h e  l i ne s  i n  b a s a l  i nsu l i n  w e r e  smal l e r  a n d  incons i s t e n t . Thus 

b a s a l  i nsu l i n  concen t ra t i on d oe s  not appear to have po t en t i a l  as a 

gene t i c marke r a l t hough , as w i l l  be d i s cussed l a t e r ,  i n s u l i n  r e s pons e s  

t o  t h e  glucose  challenge appeared t o  b e  c o r r e l a t e d  wi t h  d a i ry me r i t .  

Al though s e l ec t i on f o r  m i lk produc t i on has been a s so c i a t ed wi t h  

i nc r e ased p lasma GH concen t ra t i ons  i n  o t h e r  gene t i c  g r oups  o f  d a i r y  

c a t t l e  ( Barnes  e t  a l . 1985 ; Mas s r i  e t  al . 1 9 8 5 ; Kazmer e t  a l . 

1 98 6 ; Luk e s  e t  al . 1 9 88 ) , the d i f fe rences were no t a lways s i gn i f i ca n t  
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i n  t h e  l i n e s  a t  Mas s ey Uni vers i ty ( Flux e t  al . 1 984 ; Mackenz i e  e t  a l . 

1 988 ; X i ng e t  al . 1 988 ) . In the  exper i men t repor t ed i n  Chap t e r  3 t h e  

d i urnal p l asma GH con c en t ra t i ons  w e r e  s i m i lar be tween t h e  HBI a n d  LBI 

h e i f e r s , and the  magni tude of b e tween- l i ne d i f f e rences was n o t  a f fe c t ed 

by t h e  ado p t i on o f  d i f f erent  ene rgy balances . As GH  s e c re t i on i s  

pulsa t i le and t h e  ho rmone has a s h o r t  hal f-l i fe i n  blood , t he r e su l t s  

o f  Cha p t e r  3 may n o t have been r e p r e s en t a t i ve o f  the  G H  s t a tus  o f  t h e  

an i mal s .  There f o r e  a 6 hour i n t ens i v e  samp l i ng regimen was f u r t h e r  

i mposed  o n  t h e  an imals i n  t h e  expe r i men t o f  Cha p t e r  4 .  The resul t s , 

howe ve r , s howed tha t the number o f  GH s e c re t i on s p i ke s , t h e  magn i t u d e  

o f  t h e  s e c re t i on s p i ke s , and t h e  p e r c en tage i n c r emen t a b o v e  t h e  

prev i o u s  nad i r ,  wer e  s i m i lar  i n  HBI and LBI h e i f ers . T h e s e  resul t s  

would s ugge s t t h a t  gene t i c  s e l e c t i on f o r  m i lk produ c t i on has had l i t t l e  

e f f e c t  o n  p lasma G H  concen t ra t i ons  i n  the  F r i es i an he i f e r s  a t  Massey 

U n i v e r s i ty .  Howeve r ,  i t  i s  s t i l l po s s i ble  tha t t h e  s e le c t i on l i n e  

e f f e c t  on  p lasma GH i s  con f i ned t o  a par t i cular range o f  phys i o logi c a l  

s ta t es , as  a sho r t - t e rm fas t i nduced a grea t e r  e l eva t i on i n  p lasma G H  

level i n  H B I  than i n  LBI bull calves  ( Mackenz i e  e t  al . 1 988 ) . A l s o  

relevan t t o  t h i s  d i s cus s i on i s  t h e  s t udy o f  M i chel  e t  a l . ( 1 98 9 )  who 

found t ha t  LBI cows were , i n  abs o l u t e  and p ro po r t i onal t erms , mor e  

r e s p on s i ve t o  the  galac topoe i t i c  e f f e c t s  o f  exogenous GH . Th i s  was a 

sho r t - t e rm s t udy and i s  ye t t o  be  r epea t ed but  the apparen t d i f f e r e n c e  

i n  r e s p on s e  t o  GH  c ould n o t  b e  ac coun t ed f o r  b y  a d i f f erence  b e tween 

the  l i ne s  in  ab i l i ty to  mob i l i s e body reserves . These resu l t s  may 

sugges t t h a t  the i n f luence of the s oma t o t roph i c  ax i s  i s  near-maxi mal i n  

HBI c ows ( i . e .  t h ey show l i t t l e  response t o  add i t i onal soma t o t ro ph i c  

s t i mu l a t i on v i a  exogenous GH ) ,  al t hough c i rcula t i ng GH levels  i n  t h e  

un t re a t ed c ows f r o m  t h i s  s tudy are  ye t t o  b e  analy s ed . I f  they a r e  n o t 

d i f f e r en t , as was t h e  case i n  t h e  s t udy o f  Flux e t  al . ( 1 984 ) who used  

c ows f r o m  t h e  s ame l i ne s , resul t s  may imply  tha t " d owns t ream"  

componen t s  of  t h e  soma t o t ro ph i c  ax i s  ( e . g .  hepa t i c  s oma t ogen i c  

r e ce p t o r s ) ,  ra the r then c i rcula t i ng GH p e r  s e , have been a l t e red by 

s e l e c t i o n . 
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C i r cula t i ng concen t r a t i ons o f  hormones and me t abol i t e s  r e f l e c t  t h e  

balance be tween r a t e  o f  s ecre t i on / en t ry i n t o  t h e  plasma pool , r a t e  o f  

r emoval/ clearance from  t h e  pool , and s i z e  o f  the  poo l . The e l emen t s  o f  

s e c r e t i on / en t ry ,  r emoval / c learance and pool  s i ze canno t b e  measured 

s i mply by as s e s s i ng c i rcula t i ng leve l s . I n  add i t i on some m e t a b ol i t es , 

p ar t i cularly t hose  t h a t  are c e n t ral  t o  an i mal me t abo l i sm ( e . g .  

glucose ) may b e  und e r  t i ght  homeos t a t i c  c o n t r o l  s o  that  l i t t l e  gene t i c  

var i a t i on i s  expressed . �hereas me tabo l i c  chal lenges d o  n o t m e e t t h e  

c r i t er i o n  o f  '' s i mple measuremen t "  i n  a gene t i c  marker , t h ey m a y  p r o v i d e  

a me thod o f  exam i n i ng homeorhe t i c  con t rols  t ha t  regu la t e  basal  

me t abol i t e concen t ra t i ons . Thus me t a bo l i c challenges have some 

advan tages a s  p o t en t i al gene t i c  markers e ven t hough , in t he i r  p r e s e n t 

f o r m , they c ould n o t  be  used t o  s c reen l a rge number o f  an i ma l s  

An i n t r av enous glucose chal lenge i nduced grea ter  i ns u l i n  release  

i n  HBI  t han i n  LBI bul l calves i n  one  s t udy ( Mackenz i e  et  a l . 1 9 88 ) . 

T h i s  d i f f e r e n c e  i n  i nsul i n  response was no t observed i n  t h e  he i fe r  

calves i n  t h e  expe r i men t o f  Chap t e r  3 .  Howeve r ,  af t er t h e  a n i mals were 

t re a t ed wi t h  p r oges t erone CIDRs ( Chap t ers 4 and 5 ) , the glucose  

challenge i nduced grea t e r  i nsul i n  release  i n  the  HBI l i ne . The r e as on 

f o r  the d i f f e r ences i n  selec t i on l i ne  e f fe c t s  i n  the  s t udy r e po r t ed i n  

Chap ter  3 v s  those  i n  Chap te rs 4 and 5 i s  n o t clear . I t  d o e s  n o t  

appear t o  h ave been a resul t o f  CIDR t re a t men t per s e  g i ven  t ha t , i n  

Chap ter  5 ,  H B I  h e i f e r s  exhi b i t e d  grea t e r  i n s u l i n  release t o  glucose  

bo t h  when t hey were t re a ted wi t h  CIDRs and 46  h a f t e r  CIDR w i thd rawa l . 

Howeve r , t h a t s t udy perm i t t ed a c ompar i s on o f  selec t i o n  l in e  e f fe c t s  a t  

only two " s t ages " o f  t h e  oes t rus  cyc l e :  dur i ng proges t erone  CIDR 

t re a tmen t ( wh i ch approx i ma t es d i oe s t rus ) and a t  the i nduced o e s t rus  4 6  

h l a ter . The  pos s i b i l i ty s t i l l  rema i n s  tha t , i n  Chap t e r  3 ,  h e i f e r s  

we r e  a t  var i able  s tages o f  t h e  cy c l e  and t h a t  t h i s  c omp r o m i sed t h e  

c ompar i so n  o f  l i ne d i f ference s . A r ecen t s t udy wi t h  t h e  Massey 

Un i ver s i t y  LBI and HBI cows has shovrn that  the  HBI C O\>TS ( a t  

mi dlac t a t i o n )  also have enhanc ed insul i n  r e leas e  in  response to  a 
glucose c ha l lenge ( A . M i chel pers . comm . ) .  The r e su l t s  o f  t h e s e  

s t u d i e s  t h e r ef o r e  cons t i t u t e  o n e  o f  t h e  few ins t ances i n  whi ch gene t i c  

d i ve rgenc e  i n  me t ab o l i c  parame t e r s  has been e xh i b i ted b o t h  by lac t a t i ng 
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cows and b y  t he i r  d augh t e r s . Th i s  i s  a n  i mpor t an t  r es u l t because  i t  

i nd i c a t es t ha t  genes expressed i n  the lac t a t i ng cows are  a l s o  e x p r e s s e d  

i n  t h e i r  non-lac t a t i ng o f f s p r i ng ,  a n  assump t i o n  wh i ch i s  fundamen t al t o  

the  s e a r ch f o r  gene t i c  marker s  but wh i ch has no t been w i d e ly 

demons t ra t ed i n  p ra c t i ce .  

Gene t i c  var i a t i on i n  l i po lys i s  has been f ound be tween t h e  HBI and 

LBI h e i f e r s  i n  t h i s  s t udy . The grea t e r  l i poly t i c  r e s p on s e s  t o  

ad rena l ine  challenge i n  the und e r f e d  HBI h e i f e rs ( F igu r e  3 . 8 ) , and t h e  

grea t e r  basal plas ma NEFA levels  i n  t h e  HBI l i ne a f t er p r o longed 

fas t i ng ( F i gure 5 . 4 ) , also  have the  po t en t i a l  t o  be come useful mark er s  

o f  t h e  d a i ry me r i t .  Howeve r ,  the s e l e c t i on l i ne  d i f fe re n c e s  i n  

l i po lys i s  appear t o  b e  rela t i ve ly small a s  measured by plasma NEFA 

leve l s , and the requ i r ement for p o t en t i al ly s t ress ful  me t abol i c  s t i mu l i  

such a s  h i gh d o s e  adrenal ine  challenge s  o r  chron i c  f as t i ng may c re a t e  

s t r e s s  f o r  the  an i mals . The ques t i on o f  var iable be t ween- l i n e  

d i f f e rences  i n  l i po l y t i c  response t o  ad renal i ne ( s i gn i f i can t i n  Chap t e r  

3 bu t no t i n  Chap t e r  5 )  a l s o  remains  t o  b e  res o lved . The s e le c t i on 

l i ne  d i f f e rences i n  l i polys i s  may be regu l a t e d  by var i a t i on i n  t h e  

ac t i v i ty o f  cer t a i n  key enzymes ( s uch as  ho rmone sens i t i ve l i pas e )  

wh i c h  could be assayed by i n  v i t ro t echn i qus u s i ng b i o p s i ed samp l e s  o f  

ad i po s e  t i s sue . Thus one p os s i ble avenue for  f u t u r e  research i s  t o  

exami n e  a c t i v i ty o f  l i po ly t i c  enzymes by i n  v i t ro t e chn i que s . Thes e  

t e chn i ques have t h e  advan tages o f  r e l a t i v e ly l ow cos t and e a s e  o f  

s amp l i ng ( a t  leas t f rom sub c u t aneous d e po t s ) .  They a l s o  p e r m i t 

e s t i ma t i on o f  l i p o ly t i c  capac i t y  f ree o f  c o n found i ng whol e - body e f f e c t s  

( e . g .  changes i n  b l ood f low i nduced by a n  adrena l i ne challenge ) .  I f  

such s tud i es were t o  b e  unde r t aken i t  would be wor t hwh i le a l s o  

asse s s i ng l i pogen i c  c a pac i ty o f  ad i pose t i s sue gi ven t h e  observa t i o n  o f  

McNamara and H i l l e r s  ( 1 986a)  t h a t  l i pogene s i s  i s  grea t er i n  l ow gene t i c  

me r i t cows dur i ng l a c t a t i on .  

I I I . Conclus i ons 

Th i s  s t udy s h owed tha t gene t i c  var i a t i on exi s t s in n i t r og e n , 

glucos e , l i p i d  and i nsul i n  m e t ab o l i s m  be tween the  HBI and LBI h e i f e r s  

a t  Mas s ey Un ivers i ty under approp r i a t e  e x p e r i men t a l  cond i t i ons . T h e s e  

i nc lude : 
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1 .  P l asma urea concen t ra t i ons dur i ng t h e  pos t- prand i a l  p e r i od 

w e r e  l owe r i n  t he HBI than i n  t h e  LBI he i fers  espe c i a l ly whe n  t h e  

a n i ma l s  were well- fed . T h e  e l eva t i on i n  p lasma u r e a  concen t ra t i on o n  

f e e d i ng was grea t e r  i n  t h e  HBI t han i n  t h e  L B I  h e i f e r s  a n d  t h i s  

d i f f er ence appears t o  b e  mos t apparen t i n  cond i t i ons  o f  under fe e d i ng .  

2 .  P lasma c r ea t i n i ne concen t ra t i ons were grea t e r  i n  the  LBI than 

i n  t he HBI h e i fers and the d i f ferences appea red to be  i ncreased  when 

t h e  c o mpar i s ons  were made in w e l l - f e d  cond i t i ons . 

3 .  P l as ma glucose concen t r a t i on s  were s i m i lar be t we e n  t h e  l i n e s  

b u t  t h e  g l u c o s e  en t ry a f t e r  feed i ng appeared t o  be grea t e r  i n  t h e  HBI  

t han in  t h e  LBI hei fers  i n  the  expe r i men t when t he animals r e c e i v e d  no  

p roges t e rone . A f t e r  chron i c  p r oge s t er one t rea tmen t , bas a l  p la s ma 

g lu c o s e  concen t ra t i ons  wer e  grea t e r  i n  the  HBI than i n  t h e  LBI h e i fe r s  

f e d  1 40% MER a t  1 2  mon t h s  o f  age , bu t were s i m i lar be tween t h e  H B I  and 

LBI  an ima l s  fed 7 0% MER at 6 mon ths  of age . 

4 .  Plasma i nsul i n  concen t ra t i ons  were grea t e r  i n  t h e  LBI t han i n  

t he HBI h e i f ers a f t e r  feed i ng ,  and the i nsul i n  r e l ease t o  g l u c o s e  

c h a l l enge w a s  s im i lar  i n  the  H B I  and L B I  h e i fers  wh i ch r e c e i ve d  n o  

p ro ge s t e rone t rea t men t .  

Howev e r , the  glucose  c ha l lenge s t imu l a t ed a grea t e r  i nsul i n  

r e lease i n  t he HBI t han i n  t h e  LBI he i f ers  a f t e r  t h e  ani ma l s  were  

c h r o n i cally t re a t ed wi t h  p roges t e rone . This  d i f f e ren c e  was  i nd e p enden t 

o f  glucose d o s e , and was exh i b i t e d  b o t h  i n  h e i fers  fed 70%  M ER a t  t h e  

a g e  o f  6 mon ths  and i n  he i fe rs fed 1 40% MER a t  t h e  age o f  1 2  mon t h s . 

5 .  Plasma glucagon concen t ra t i ons  were s i m i lar i n  t he LBI and HBI 

h e i f ers ( t re a t ed wi t h  proge s t e rone ) ,  exce p t  tha t the e l e va t i on i n  

p lasma glucagon was b r i e f ly grea t er i n  the  HBI h e i fers  o n  f eed i ng .  

6 .  D e s p i t e  a s l i gh t ly grea t e r  mean plasma GH concen t ra t i on i n  t h e  

HBI  t han i n  t h e  LBI h e i fers , s e l e c t i on l i ne d i f fe rences i n  p lasma GH , 

and GH s e c re t i on charac t e r i s t i cs ,  wer e  no t s i gn i f i can t i n  a 24 hour  

d i u r nal p er i od o r  i n  an i n t en s i v e  s amp l i ng p e r i od . Use  of  d i f fe r e n t  

e n er gy balances d i d  n o t  a f f e c t  t h e s e  resul t s .  
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7 .  Plasma  NEFA concen t ra t i ons were  s i m i lar  i n  normal f e e d i ng 

c o n d i t i ons be tween the  t wo l ines . Ad rena l i ne cha l l enge i nduced  a 

g re a t e r  e l eva t i on i n  plasma NEFA concen t ra t ions i n  the HBI h e i f e r s  f ed 

7 5 %  MER t han i n  the LBI hei fers  fed 7 5% MER o r  e i th e r  group fed  1 2 5% 

MER . P r o l onged f a s t i ng ( i n the  presence  o f  p roges t e rone t re a t men t )  

caused a grea t e r  eleva t i on i n  basal plasma NEFA concen t ra t i on s  i n  t h e  

H B I  he i fers  bu t d i d  no t a f fe c t  se le c t i on l i ne d i f f e rences i n  l i po ly t i c  

r e s ponse t o  t h e  adrena l i ne challenge . 

8 .  The ado p t i on o f  d i f fe ren t ene rgy balances  was e f f ec t i ve i n  

s e pa r a t i ng t h e  s e l ec t i on l i nes w i t h  r e s p e c t  t o  plasma urea  leve l s  and 

p lasma NEFA r e s ponse to adrena l i ne chal l enge . 

9 .  Me t a bo l i c  cha l lenges o f  glucose and adrenal i ne wer e  e f f e c t i v e  

i n  cau s i ng grea t e r  i n s u l i n  s ecre t i on and NEFA levels , r e s pe c t i ve ly i n  

t h e  HBI l i ne , a t  l e as t  i n  some c i r cums t ances . Chal lenges o f  g l ucagon 

and i n s u l i n  d i d  no t p roduce marked me tabol i c  d i f ferences  b e tween t h e  

l i nes . 

1 0 . Chr o n i c  t rea tmen t wi th proges t e r one may 

expres s i on o f  d i f feren c e s  in insul i n  release  

b e t ween the  HBI  and LBI h e i fers . 

have p e rm i t t ed t h e  

t o  glucose  chal l enges 

I n  con c lu s i o n , gene t i c  selec t i on f o r  mi lk produc t i on has r e s u l t ed 

i n  d i f ferences i n  plasma concenra t i ons  o f  u r ea , crea t i n i ne , g l u c o s e , 

i ns ul i n ,  and NEFA i n  t h e  F r i es i an h e i fers  a t  M as s ey Un i v e r s i ty .  The 

expre s s i on of  t h e se d i f ferences , howeve r ,  appears to  requ i re s p e c i f i c  

e x pe r i men t a l  c o nd i t i ons , such as an appropr i a t e  plane o f  nu t r i t i on , 

challenge w i t h  me t abol i c  s t imuli , o r  c on t r o l  o f  a phys i o logi ca l  p r o c e s s  

( oe s t rous a c t i v i ty i n  t h i s  case ) .  A s  many of  t h e s e  me t abol i c  

d i f fe r ences  a r e  p resen t i n  the  6 mon t h  o l d  h e i fers  and are  s i m p l e  t o  

measure ( such as  plasma urea and crea t i n i ne ) , they have t h e  p o t en t i a l  

t o  s e rve as  gene t i c  markers f o r  d a i ry mer i t  i n  t h e  female c a t t l e . I n  

add i t i on t h e s e  d i f fe rences  may exi s t  i n  t h e  bull calves a n d  c ould b e  

evalu a t ed i n  a p rogeny t e s t . Howeve r ,  t h e i r  t rue value as  gene t i c  

markers i n  d a i ry ca t t l e  breed i ng w i l l  only be  known when e x t en s i v e  

s t ud i es have been performed t o  es t i ma t e  gen e t i c  correla t i on s  b e tween 

t hese  t ra i t s  and m i lk produ c t i on .  
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APPEND I X  1 :  Val i da t i on o f  insu l i n  d i lu t i on as 

P lasma i nsul i n  concen t ra t i on s  a f ter  i n s u l i n-challenges are  o f t en 

v e ry h i gh and samples there fore  have t o  be d i lu t ed b e f o r e  a s s ay i ng . 

The d i lu t i on p r o c edure  has been eva l ua t ed i n  the fol lovr i ng t h re e  t r i a l s  

dur i ng t he course  o f  exper imen t s  d e s c r i bed i n  Chap t e r  4 .  

T r i a l  One : Four bovine plasma pools  vre r e  s p i ked t o  2 5 0  and 60 

ng/ml . The 2 50ng/ml pools vrere  d i l u t e d  a t  1 : 50 ,  1 : 40 ,  1 : 25 and 1 : 20 .  

The 60 ng/ml poo l s  were d i lu t ed a t  1 :  1 6 ' 1 : 8  and 1 : 4 .  A l l  d i lu t i o n s  

w e r e  wi t h  7 %  BSA i n  phos pha t e  bu f f e r . 

Plasma s amples  collec ted a f t e r  insul i n  challenges o f  h i gh ( 1 0 

�g/kg ) , med i um ( 1  �g/kg ) and low ( 0 . 1  wg/kg ) dose were p r e pared f rom 6 

h e i fers  and d i lu t ed  as  f o l lows : 

1 )  h i gh d o s e  challenge : 

samp l e s  c o l l e c ted  4 m i nu t e s  a f t e r  i nj ec t i on :  1 : 40 ,  

1 : 1 6 '  

samples  c o l l e c t ed 1 2  minutes  a f t e r  i nj ec t i on :  1 : 1 0 

samp l e s  c o l le c t ed 2 0  m i n u t e s  a f t e r  i nj e c t i on :  1 : 6  

sample s  c o l l e c t ed 30  minu t e s  a f t e r  inj e c t i on :  1 : 2  

2 )  med i um dose  challenge : 

sample s  c o l l e c t ed 4 m i nu t e s  a f t e r  i nj e c t i on :  1 : 8  

sampl e s  c o l l e c t ed 1 2  m i nu t es a f t e r  inj e c t i on :  1 : 2  

3 )  low d o s e  chall enge : 

sampl e s  col l e c t ed 4 m i nu t e s  a f t e r  inj e c t i on :  1 : 2  

1 : 2 5 ,  

These  d i lu t i on s  were based on s i mula ted c learance 

1 : 2 0 ,  

curves 

cal cula t ed u s i ng t h e  ac tual dose and publ i shed es t i ma t e s  of  p lasma 

space and the hal f- l i f e  o f  i ns u l i n  i n  p lasma ( Land et  a l . 1 9 8 3 ; 

McCann and Reimers  1 9 8 5� . 
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Resul t s  u s i ng t he c u r r en t  insu l i n  R I A  m e t hod ( Flux e t  a l . 1 984 ; 

Cha p t er s  3 ,  4 and 5 )  showed a lack o f  paral l e l i s m  i n  t h e  d i lu t ed 

s amples . For  examp le , wh i le the  d i l u t i on o f  t he 6 0  ng/m l  s p i ked poo l s  

a t  1 : 4 , and 1 : 8  gave r e s u l t s  c l o s e  t o  t h e  expe c t ed values , d i lu t i o n  a t  

1 : 1 6 o r  grea t e r  p r o duced resu l t s  abou t 50% h i gh e r  than e x pe c t ed d e s p i t e  

t h e  expec t ed c oncen t ra t i ons  be i ng w i t h i n  t h e  l i near range o f  t h e  a s s ay 

s t andard curve . Poss i bl e  i n t e r f e r i ng e f f e c t s  o f  the concen t ra t i on o f  

B SA used i n  t h e  d i lu t i on were exam i ned by c ompar i ng 3 . 5% BSA and 7 %  BSA 

as  t he worki ng d i lu t ion  in  the  f o l l owing t r i a l . 

2 )  T r i a l  Two : The s ame pool s , s p i ki n g  m e t h ods and d i lu t i on s  a s  

t h o s e  i n  f i r s t  t r ial  w e r e  used , each s ample  be i ng d i lu t ed  w i t h  b o t h  

3 . 5% and 7 %  B SA .  

The resu l t s  showed t h a t  when t h e  6 0  ng/ml pools  were  d i lu t ed a t  

1 : 4  and 1 : 8  w i t h  3 . 5% B SA ,  t h e  resu l t s  were 50% and 2 5% l owe r t han 

expe c t ed wh i le at  1 : 1 6 d i lu t i on t h e  r es u l t was close to t h e  exp e c t ed 

values . Resu l t s  from t h e  pools s p i ked t o  250  ng/m l  and d i l u t ed a t  

1 : 20 ,  1 : 2 5 w e r e  about  2 0% and 10% l ower than expe c t ed ,  wh i l e a t  1 : 40 

and 1 : 50 t he r e su l t s  were  abou t 15% h i gh e r  t han expec t ed . 

D i lu t i on w i t h  7% BSA t ended t o  give  h i gh e r  resul t s  than t h a t  w i t h  

3 . 5% B SA .  I n  add i t i on ,  the  resul t s  f r om 250 ng/m l  p o o l s  d i lu t ed a t  

1 : 40 and 1 : 50 w i t h  7 %  BSA were abou t 50% h i ghe r  than expec t ed and 30% 

h ighe r  than r e su l t s  f r o m  3 . 5% BSA d i lu t i on . 

3 )  T r i a l  Three : F i ve pools were s p i ked t o  250 , 200 , 1 7 5 , 1 5 0 , 

1 2 5 , lOO , 7 5 , 5 0  and 2 5  ng/ml and they wer e  d i l u t ed a t  1 : 50 ,  1 : 40 ,  

1 : 35 ,  1 : 30 ,  1 : 2 5 ,  1 : 20 ,  1 ; 1 5 ,  1 : 10 and 1 : 5  r e s p e c t ively w i t h  3 . 5% BSA 

so  t h a t  a l l  d i lu t ed p o o l s  had the same i nsul i n  l evel of  5 ng/ m l . 

Howeve r ,  the  concen t ra t i ons  e s t i ma t e d  by the a s s ay were  s t i l l 

c on s i s t en t ly grea t e r  t han would b e  expe c t ed .  

D i s cus s i on :  McCann and Re i m e r s  ( 1 9 8 5 )  add ressed t h e  prob lem  o f  

h i gh i nsu l i n  concen t ra t i ons i n  samples f rom i nsulin- chal l enged h e i f e r s  

by s e r i a l ly d i lu t i ng samples wi t h  7 %  BSA . They repor t ed t h a t  d i lu t ed 

samples d i s p laced  labe l le d  i nsul i n  i n  paral l e l  wi th each o t h e r  and w i t h  
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t he s t andard insu l i n . Exac t ly how t hey ass essed paral l e l i sm ( e . g .  

v i sually vs  compar i so n  o f  regre s s i on s lo pes ) was no t s t a t ed . 

I n  t h i s  s tudy , a s i mi lar  approach was i n i t i ally used , the e f f e c t s  

o f  d i l u t i on being eva lua t ed bo t h  b y  eye a s s e s s men t o f  paral l e l i s m  and 

by c a l cu la t i ng ra t i o s  o f  observed to expe c t ed  concen t r a t i ons  ( ob s e rved= 

a c t ua l  assay concen t ra t i on adj us t ed f o r  d i lu t i on f a c t o r , expec t ed= 

calcula t ed concen t r a t i on bas ed o n  i nsul i n  c o n t en t  o f  uns p i ked pools  and 

amoun t of  c o ld i n s u l i n  added to  ' s p i ke '  t h e  poo l ) . Whereas samples 

w i t h  r e la t i vely low insulin concen t ra t i ons  e xh i b i t ed para l le l i sm and 

observe d / expe c t ed ra t i os close t o  1 . 0  ( T r i a l  One ) , those w i t h  h i gh 

concen t ra t i ons ( e . g .  s p iked t o  250 ng/ ml o r  f rom high d o s e  i n s u l i n  

cha l lenge ) d i d  n o t . I n  almo s t  all  cases t h e  observ e d / ex pe c t e d  r a t i o  

was subs t an t i ally grea t e r  t han 1 . 0  f o r  t h e s e  h i gh 

s ampl e s . The s i t ua t i on was i mp r oved t o  s ome ex t en t  

o pp o s ed t o  7%  BSA , sugg e s t i ng t h a t  t h e  B SA i n f lu enced 

t hough t he B SA i t s e l f  con t a i ned no i mmunoreac t i ve 

i n s u l i n  s p i ked 

by us i ng 3 . 5% as  

b i nd i ng ( even  

insu l i n ) . Th i s  

sugge s t i on i s  r e i n f o rced  by the  f a c t  tha t obs erved / expe c t ed r a t i os 

d ev i a t ed from 1 . 0  t o  t h e  grea t e s t ex t e n t  i n  h i gh i nsul i n  samples wh i ch 

requ i red the  h i ghes t d i lu t ion  t o  ge t them on  t h e  s t andard curve . F o r  

t h e s e  s amp les  d i lu t i o n  wi th 3 . 5% o r  7% B SA subs t an t ially over-es t ima t ed 

the  t ru e  insul i n  c o n c en t r a t i on i n  s p i ked s amples . As a r e su l t ,  

d i lu t i on o f  the  samples from h i gh dose  i nsul i n  challenges , as d e s c r i bed 

by M cCann and Re i me r s  ( 1 985 ) , could no t be r e l i e d  upon t o  g i v e  a c c u r a t e  

e s t i ma t es o f  insu l i n  concen t ra t i ons . 

The resul t s  o f  t h e s e  s t ud i e s  also  cas t doubt  on t h e  m e t h o d s  by 

wh i ch M cCann and Re i m ers ( 1 985 ) val i d a t ed t h e  d i lu t i o n  ¥r i t h  7 %  BSA . 

The i r  v al i d a t i o n  c on s i s t ed only o f  an asses sment o f  paral l e l i s m  i n  

s e r i a l ly d i l u t ed s amples  f r om t he i r  h e i f e r s . Because they d i d  n o t u s e  

( s p i ked ) samples o f  kno¥rn i nsul i n  concen t ra t i on , they could n o t  a s s e s s  

assayed vs t rue i ns u l i n  concen t ra t i ons . F i gur e  A1 shows the  resul t s  o f  

ser i al d i l u t i on o f  one pool ( No . 2 )  i n  the p r e sen t s t udy . As  

des c r i bed p revi ous ly , d i lu t i ons were made a t  1 : 20 ,  1 : 2 5 ,  1 : 40 and 1 : 50 

( i n t h i s  case us i ng 3 . 5% B SA ) . Eye asses smen t o f  t h e  d i s p l a c emen t 

curves shown i n  F igure A1  would c learly l ead t o  the conclus i o n  t h a t  t h e  

curv e s  wer e  paral l e l . Fur t he rmore , t h e  es t i ma t ed i ns u l i n  

concen t ra t i ons ( co r r e c t ed for  d i lu t i on f a c t o r s )  i n  the  1 : 25 ,  1 : 40 and 
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1 : 50 s am p l e s  w e r e  c l o s e t o  t h o s e  o f  t h e  1 : 20 d i lu t i on ( range= 8 4 - 9 8% ) . 

Thus , a s  d e f i n e d  b y  M cCann and R e i m e r s  ( 1 985 ) t h e  B SA d i lu t i on a p p e a r e d  

t o  be  appr o p r i a t e . H ow ev e r , b e ca u s e  t h e s e  w e r e  s p i ke d  poo l s  ( i . e .  

s amp l e s  w i t h  a s s ayed b a s a l  i ns u l i n  l evels  t o  wh i ch known amoun t s  c o l d  

i n s u l i n  h a d  b e en added ) ,  t h e  a c t ual  c o n c en t ra t i ons  o f  i ns u l i n  w e r e  a l s o  

known . In  t h e  c a s e  o f  p o o l  No . 2 ,  t h e  c a l c ul a t ed c o n c e n t ra t i on w a s  

2 4 4  ng/ml . A s s ayed c o n c e n t ra t i o n s  ( co rr ec t ed f o r  t h e  d i l u t i on )  a n d  

o b s e rved  t o  exp e c t ed r a t i o s  w e r e : 1 : 20 ,  3 98 . 8  ng/m l , ra t i o =  1 . 6 3 ;  

1 : 2 5 , 360 . 2  ng/ml , 1 . 48 ;  1 : 40 ,  3 3 5 . 3  ng/ml , 1 . 3 7 ;  and 1 : 50 ,  3 90 . 2  

n g/ m l , 1 . 60 .  C l e a rly  t h e s e  r e su l t s  d o  no t s u p po r t  t h e  v i ew t h a t s e r i a l  

d i lu t i on w i t h  B SA in  ph o s pha t e  b u f f er e d  s a l i n e  i s  a n  approp r i a t e  me t h o d  

o f  d ea l i ng w i t h  v e ry h i gh c o n c en t ra t i ons  o f  i n s u l i n  s u c h  as  t h o s e  wh i ch 

o c c u r  af t e r i n s u l i n  c h a l l e nge . The  reason f o r  t h i s  p r o b l e m  i s  n o t 

known b u t  i t  d i d mean t h a t  t h e  a s s ay could  no t b e  r e l i ed upon t o  g i ve 

accu r a t e r e s ul t s  f o r  s am p l e s  f r om t h e  h i gh d o s e  cha l l enge i n  Chap t e r  4 .  

FIGURE At INSULIN STANDARD CURVE AND THE DISPLACEMENT CURVE OF LABELLED 
INSULIN BY A SPIKED POOL 2 DILUTED AT 1:20, 1:25, 1:40 AND 1:50. 

100�----------------------------------------------, 
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APPENDIX 2 :  P a t t erns o f  p lasma GH concen t ra t ion i n  8 HBI h e i f e r s  ( le f t  

pane ls ) and 8 LBI he i fe r s  ( r i gh t panels ) over  a 6 hour p e r i od 

( Chap t e r  4 ) . 
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APPENDIX 3 :  Pa t t e rns o f  plasma i ns u l i n  concen t ra t i on i n  8 HBI h e i f e r s  

( le f t  pane l s ) and 8 LBI h e i f e rs ( r i g h t  pane l s ) o v e r  a 6 hour 

period ( Chap t e r  4 ) . 
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APPENDIX 4 :  The r a t e  o f  ea t i ng i n  t e rms o f  percen t age ( % )  o f  allowance 

consumed per un i t  t i me ove r the exper i me n t  i n  8 h i gh breed i ng 

i ndex  ( s o l i d  bars ) and 8 low breed i ng i ndex ( ha t ched bars ) 

h e i f e rs . 
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APPENDIX 5 :  The ra t e  o f  ea t i ng i n  t e rms o f  amoun t ( g )  o f  allowance 

c onsumed per un i t  t i me ove r the exper i men t i n  8 h i gh breed i ng 

index ( s o l i d  bars ) and 8 low breed i ng i ndex ( ha t ched bars ) 

h e i f e r s . 
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APPENDIX 6 :  D e t e rm i na t i on o f  t h e  concen t ra t i on o f  Evans b l u e  dye 

( T 1 8 2 4 )  i n  plasma 

The m e t hod d e s c r i be d  by Consolaz i o  et  a l . ( 1 964 ) was used  t o  

d e t e rmine  t h e  concen t r a t i on o f  T 1 8 2 4  i n  p l asma and i s  ou t l i ned b e l ow . 

S t andards 

The s t andard curve was cons t i t u t ed by d i lu t i ng the  s t o ck s o l u t i on 

( 4  mg/ml , a p ro po r t i on o f  wh i ch had been used f o r  the  chal l enge ) wi t h  

p hy s i o l ogi cal  s a l i n e  o v e r  a range o f  4 ,  8 ,  1 2 , and 2 0  �g/ml . The 

o p t i cal dens i ty of the  s t andard s o lu t i ons  was measured a t  620 nm u s i ng 

d i s t i l led wa t e r  as  a b lank . The p l o t  o f  o p t i ca l  dens i ty ( O . D ) aga i n s t 

concen t ra t i on i s  shown i n  F igu re A6 . The regres s i on e q u a t i on 

d e s c r i b i ng t h e  curve was : 

Y= 2 2 . 19x  + 0 . 3 3 

whe re 

Y= T 1 8 2 4  concen t ra t i on o f  the  sample 

X=  the O . D  o f  t h e  sam p l e  

and t h e  r 2 va lue w a s  0 . 9996 . 

Blood analys i s  

A plasma b l ank f r o m  t he pre- chall enge sample ( a t  - 5  m i nu t es ) o f  

each ani mal was p repared and s e t  a t  ' 0 ' dens i ty a t  a wavel eng t h  o f  6 2 0  

nm . Plasma sample s  ( 0 . 4  m l ) were d i lu t ed wi th  0 . 6  m l  sal i ne c o n t a i n i ng 

1 %  sod i um c i t ra t e ,  as t h e  Tl824  concen t ra t i on i n  a few s am p l e s  was 

g r ea t e r  t han the h ighe s t s t andard ( 20 �g/ml ) .  All  the d i lu t ed  s am p l e s  

were  t hen m e a s u r e d  i n  dupl i ca t e  o n  the  s p e c t ropho t ome t e r  and t h e  T 1 8 2 4  

c on c en t ra t i on e s t i ma t ed u s i ng t h e  a b o v e  s t andard cu rve . A l l  s amples  

were  d e t er m ined  w i t h i n  one assay and the  i n t ra-assay c o e f f i c i en t  o f  

var i a t i on was l e s s  than 1 . 5% .  
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S i nc e  h aemoglo b i n  a l s o  abs o r b s  a t  6 2 0  n m  a n d  could i n t e r fe r e  w i t h  

t he r e su l t ,  i t  was n e c e s sary t o  check t ha t  t h e  expe r i men t a l  p r o c e d u r e  

h ad n� t c aus ed any haemo lys i s  a n d  con t am i na t i on o f  t h e  p lasma w i t h  

h aemoglo b i n . Thus t h e  p lasma samp l e s  f rom each an imal  wer e  chec ked by 

p as s i ng t h e  sample t h rough a c o l umn o f  an i on i c-d e t e rgen t washed  

s h redded t i s sue paper . Und e r  these  condi t i on s , the  T 1 8 2 4  b i n d s  t o  t h e  

paper wh i le haemoglob i n  passes  t h rough t h e  c o lumn and i s  c le a r ly 

v i s i bl e  i n  t h e  eluen t i f  presen t .  A l l  t h e  samp l e s  wer e  f re e  f rom 

haemolys i s . 

FIGURE A6. STANDARD CURVE OF EVANS BLUE (T1824) 
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APPENDIX 7 :  De t ermina t i o n  o f  t h i ocyana t e  ( Na SCN ) i n  b l o o d  p lasma 

The p lasma NaSCN concen t r a t i on i n  the samples  c o l l e c t ed a f t er 

NaSCN chal lenge was de t ermined  by t he me t hod o f  Consolaz i o  e t  a l . 

( 1 9 64 ) . Th i s  me thod i s  based on the  f orma t i on o f  an or ange colour when 

NaSCN i s  mixed in acid cond i t i on s  w i t h  Fe ( N0 3 ) 3 • 

Reagen t s  The fo llow i ng r eagen t s  were used : 

20% t r i chlorac e t i c  ac i d , f i l t e r ed b e f o r e  use  

F e rr i c  n i t ra t e  solu t i o n , 80 g of  Fe ( N0 3 ) 3 . 9H2 0 d i ssolved i n  2 N 

n i t r i c  ac i d  and made u p  t o  2 5 0  ml . 

S t andards S t andard s o lu t i ons  we re made up by d i s s o lv i ng 1 6 0  mg 

NaSCN i n  200 ml dH2 0 ,  and further  d i l u t ed to 2 . 5 ,  5 ,  1 0 ,  20 and 40 

�g/ml . 

M e thods 

1 )  Plasma p r o t e i n s  were p r ec i p i t a t ed by d i lu t i ng 0 . 2  ml plasma 

w i t h  1 . 3  m l  H 2 0 ,  m i x i ng wi t h  0 . 5  ml 20% t r i chlo roace t i c  a c i d  in LP3 

t ub e s  and s t and i ng for 1 5  m i nu t es . The m i x ture  was t h en c en t r i f uged a t  

3000 g for 1 5  m i nu tes . 

2 )  0 . 6 ml  o f  the supern a t an t  f r om the samples or  o f  t h e  s t andard 

was t rans f er red into  LP3 t ubes and m i xed wi t h  0 . 6  ml of  the  f e r r i c  

n i t ra t e  s o lu t i on . S i nc e  t h e  colour developed i n  t h e  m i x tu r e  i s  

uns t able  i n  the  presence o f  l i gh t , the f i nal  reac t i on was car r i ed o u t  

unde r d i mmed l i gh t i ng t o  d elay t h e  d ecay o f  the c o l o u r  a n d  o n l y  small 

b a t ch e s  were  processed a t  a t i me . 

3 )  The s tandards and t h e  samp les  we re read on a spec t ro ph o t ome t e r  

a t  4 6 0  nm w i t h i n  1 5  m i nu t e s  o f  add i ng t h e  f e r r i c  n i t r a t e  s o lu t i on ,  w i t h  

a b lank con t ro l  plasma sample s e t  a t  1 00% T a t  460 nm und e r  d i mmed 

l i gh t . 

4 )  The s tandard curve o b t a i ned by p lo t t i ng t h e  o p t i cal  dens i ty 

aga i n s t  c o n c en t ra t i on i s  s hown i n  F i gure A7 . The regres s i on equa t i on 

was :  



w h e r e  

Y 0 . 0 3 6 7 5 7  X - 1 . 4232  

1 5 6  

Y=  p l a s ma N a SCN c o n ce n t ra t i o n ( �g / m l ) and X i s  t h e  r e a d i ng 

o f  t h e  a b s o r b an c e . The r 2  v a l u e  was 0 . 9 998 . A l l  s amples w e r e  

d e t e rm i n e d  i n  d u p l i c a t e  i n  one a s s ay a n d  t h e  i n t r a - a s s ay c o e f f i c i e n t  o f  

v a r i a t i on w a s  l e s s  t ha n  3% . 

E 
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FIGURE A7. STANDARD CURVE OF THIOCYANATE (NaSCN) 
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APPENDIX S a : Feeding - i nduced changes i n  plasma concen t ra t i on s  o f  urea  

( upper - l e f t  pane l ) , crea t i n i ne ( m i dd le-le f t  panel ) ,  glucose 

( lowe r- l e f t  pan e l ) ,  NEFA ( up p e r- r igh t panel ) ,  i ns u l i n  

( m i d d l e - r i g h t  panel ) ,  and G H  ( lowe r - r i gh t  pane l )  i n  6 h i gh 

breed i ng i ndex ( red ) and 6 l ow b reed i ng i ndex  ( b lack)  h e i fers  

o f fered 75% ( ha t ched bars ) and  1 25% ( s ol i d  bars ) m ai n t enance 

ene rgy requ i remen t .  Changes i n  concen t ra t i on concen t ra t i o n  a t  

t i me 1 ( 1 7 00h ) m i nus concen t ra t i on a t  t i me 0 ( i . e  f ee d i ng t i me :  

1600h ) . ( Chap t e r  3 )  
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APPENDIX 8b : Feed i ng-i nduced changes 

( upper-le f t  panel ) ,  crea t i n i ne 

i n  plasma 

( m i dd l e- l e f t  

concen t r a t i ons o f  urea 

panel ) ,  glucose 

( l ower- lef t panel ) ,  NEFA 

( m i ddle-r igh t panel ) ,  and 

b reed i ng i ndex ( red ) and 6 

o f fered 75% ( ha t ched bar s ) 

( upper-r i gh t panel ) ,  i nsul i n  

G H  ( lowe r - r i gh t  pan e l )  i n  6 h i gh 

low breed i ng i ndex ( black) h e i f e r s  

and 1 2 5% ( solid  bars ) ma i n t enan c e  

ene rgy requi remen t .  Changes i n  concen t ra t i on = concen t ra t i o n  a t  

t i me 0 ( i . e  f eed i ng t i me : 1600h ) mi nus concen t ra t i o n  a t  t i me 2 3  
( i . e . l  h before  feeding ) . ( Chap t e r  3 ) . 
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APPENDIX S e : Rela t i v e  changes i n  p l asma concen t ra t i ons  o f  u r e a  ( up p e r  
pane l ) � c r ea t i n i ne ( m 1 ddle  � ane l )  and glucose ( lowe r-le f t  p an e l ) 
a f t e r  r eed i ng i n  6 h 1 gh breed 1 ng i ndex ( s t a r )  and 6 l ow b r e e d i ng 
index ( sguare ) h e i f e r s  o f fe rea 7 5% ( b roken l i ne ) and 1 2 5 %  ( so l i a  
l i ne ) ma1 n t enanc e  ene rgy requi r emen t .  Changes in concen t ra t 1 on 
concen t ra t i on a t  quest 1on m i nus t he concent ra t i on o f  t h e  p r e v i ous 
obse rva t i on . 
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APPENDI X  8 d : Rel a t ive  changes i n  plasma concen t r a t i on s  of NEFA ( ug � e r  
panel) i n su l i n  ( m i ddle pane l )  and G H  ( l owe r ganel ) a f t e r  feea 1 n� 
1 n  6 h i gh breed i ng i nd ex \ s t a r )  and 6 low breea i ng i ndex ( s qu a r e  
h e i fers  o f f ered 75% { b roken l i ne ) and 1 25% ( s ol i d  l i ne 
m a i n t enance  ene rgy requi remen t .  Changes i n  concen t ra t i on = 

concen t ra t i o n  a t  ques t i o n  m i nus the concen tra t i o n  o f  the p r ev i ou s  
o b s e rvat i o n .  
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