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CHAPTER ONE 

INTRODUCTION 

Body Compos i t ion as a Sele c t i on Cri t e r ion in  the New Zealand 

Sheep Indus t ry 

1 

The New Zealand meat i ndus t ry requi res that producers supply lean 

animals for  slaugh t e r  and , accord ingly , payments  are s t ruc t ured such 

t ha t  excess i ve carcase fat  is heavily penal i zed . Th i s  requi reme n t  i s  

a consequence o f  the increas ing consumer preference f o r  lean mea t o f  

h i gh qual i t y ,  a t rend wh i ch reflec t s  med i cal evidence that h i gh f a t  

d i e t s  are unhealthy ,  par t i cularly given modern sedentary l i fes tyles . 

Moreover , t he modern consumer prefers produc t s  which requi re m i n i mal 

prepara t i on and con t a i n  li t t le was te . Sele c t i on for  lean grow t h  has 

therefore become an increas ingly impo r tan t  componen t of sheep 

s e le c t i on p rogrammes . The rate  o f  gene t i c  gain in  these programmes i s  

t o  a large degree dependen t upon the abi l i ty o f  breeders t o  i d en t i fy 

an i mals o f  high gene t i c  me ri t .  

Gene t i c  mer i t  for  lean meat produ c t i on can be pred i c t ed from ac tual 

compos i t i on whi ch may be measu red in  the live animal by vari ous 

t echniques . These have been revi ewed by Hed r i ck ( 1 983 ) and i n c lude 

measures us i ng spec i f i c  gravi ty , marker d i lu t i on ,  conduc t i vi ty and 

x- ray t echni ques . Such methods are expens ive and are not  appli cable 

to large s cale selec t ion of sheep . More prac t i cal measuremen t s  have 

the refore been sough t , wh i ch would s e rve as pred i c t ors o f  gene t i c  

m eri t  for  lean grow t h . These pred i c t ors mus t  ful f i ll cer t a i n  c r i t e r i a  

i f  gene t i c  gai n  is  t o  b e  max i m i s ed in  a sele c t i on programme . They 
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mus t be h i ghly correlated wi th  body compos i t i on and , s ince the animals 

under t e s t are po t en t ial replacemen t s ,  they mus t not be harmful or 

t erminal . Measuremen ts  should be highly repeatable and eas i ly made . 

I deally pred i c t ion o f  gene t i c  mer i t  should be poss ible  i n  the young 

ani mal , p re ferably p r i o r  to puberty , so allowing a reduc t i on i n  

generat ion i n t e rval through hogge t ma t ing . Pred i c t ors should also be 

i ndependen t o f  non-gene t i c  influences such as body wei gh t  or  ma t e rnal 

e f f ec t s . 

The Use o f  Markers t o  Pred i c t  Gene t i c  Meri t for  Body Compos i t i on 

A var i e ty o f  me t hods have been used , or migh t be used , t o  pred i c t  

gene t i c  mer i t  for lean growth . These include assessmen t s  made o n  the 

l i ve an i mal ( e . g .  asses smen t o f  an imal s i ze and shape ) ,  analyses of  

the fat  t i ssues themselves and examina t ion o f  the phys i olog i cal 

charac t e r i s t i c s  assoc i a t ed wi th  lean t i ssue growth . These pred i c t o r s  

vary i n  t h e  e x t e n t  t o  wh i ch they ful f i l l  t h e  c r i t e r i a  requi red  t o  

achi eve t h e  selec t i on obj e c t ives be ing sough t . 

1 .  Assessmen t o f  s i ze and shape i n  the live an imal 

Body compos i t i on may be evaluat ed using vi sual assessment  o f  

conforma t ion , by handl i ng s t ock ( as i s  rou t inely car r i ed out  on- farm 

for lamb d raf t ing ) , or  by using a number o f  measureme n t s  o f  body s i z e  

and shape . 
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( a )  V i sual assessmen t o f  con forma t i on 

I n  sheep , as wi th  many o t her mea t-produci ng animals , conforma t ion  

p r ov i des l i t t le i nd i ca t ion of  lean body compos i t i on ( Kemps t e r  et  al . 

197 6 ) .  Th i s  is  due largely t o  the inab i l i ty o f  visual as sessme n t  t o  

d i s t i ngui s h  be tween mus cling and fat . Selec t i on wh i ch concen t r a t es on 

t he conforma t ional enlargemen t o f  those body areas con t ai n ing the  h i gh 

qua l i ty cu t s  o f  mea t does no t succeed i n  producing greater mus c l i ng i n  

t h e s e  areas. The relat ive grow t h  rates of  groups o f  muscles a r e  f i xed 

and these muscle groups w i l l therefore grow in uni son ( B e rg and 

Bu t t er f i e ld 1977 ) .  Thus such selec t ion succeeds only in  inc reas i ng 

t he  fat  depos i t i on i n  the des i red areas , as fat  i s  the more mob i le 

t i s sue ( Be rg and Bu t t e r f i eld 197 7 ) . Vi sual assessmen t o f  s tock for  

compos i t ion may be success fully made by  expe r i enced j udges , bu t t h i s  

i s  res t r i c ted t o  groups o f  an imals wi thin  a narrow we igh t range and 

wi t h  a low level o f  fa tness ( He d r i ck 1983 ) . 

( b )  Handl i ng 

Handl i ng o f  lambs i s  rou t i nely used t o  assess we igh t s  and carcase 

f a tness . Exper i enced handlers are able t o  assess fatness wi t h  

su f f i c i en t  accuracy t o  perm i t the iden t i f i ca t ion o f  an i mals ready for  

s laugh t er . However t h i s  i s  no t s u f f i c i en t ly reliable for  breed i ng or  

research purposes ( Kemps t e r  e t  al . 1976 ) . 
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( c )  Linear measuremen t s  

There has been only a l i m i ted appl i cat i on o f  l i near measu remen t s  

made o n  t he l i ve ani mal t o  the pred i c t i on o f  body fatness  ( Purchas 

1 9 7 7 ) . Wi t h  selec t i oh programmes based on linear measuremen t s , ( eg. 

cannon bone length , �i d t h  o f  h i p  poin t s )  the primary changes t o  occur 

have been in  bone leng th , �i th  only mi nor changes i n  the as s o c i a t ed 

musc le  mas s ( Hedrick 198 3 ) . Heigh t and gi r th have provided the bes t 

l inear i nd i cat i on o f  body compos i t i on ( Hed r i ck 198 3 ) . 

2 .  Fat  charac t e r i s t i cs 

Research d i re c t ly exam i n i ng the ad i pose t i ssue of  animals has 

revealed charac t er i s t i cs �hi ch are suf f i ci en t ly highly correla t ed �i t h  

carcase compos i t i on t o  b e  o f  u s e  a s  pred i c tors of  body compos i t i on i n  

t he l ive ani mal . These range f rom t i ssue vo lume and d e p t h  

measuremen t s  �i th  var i ous body fat  depo t s  t o  h i s t ologi cal 

exam ina t i ons . The mos t succes s ful correla t e  found t o  da t e  has been 

subcut aneous fat dep th. Sele c t ion on the bas i s  of t h i s  charac ter  has 

achieved useful changes i n  body compos i t i on �i thout  de t r imen tal  

e f fec t s  o n  �eigh t , gro�th ,  reproduct ive performance o r  fleece 

p roduc t ion ( McE�an e t  al. 1 984 ) . 
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( a )  Fat  dep t h  

The accurate measuremen t o f  subcu taneous fat  dep t h  has been made 

p o s s i ble by technologi cal developments  in the use of u l t rasound. 

Ul t rasound p robes loca t e  boundar ies where changes in t i ssue dens i ty 

occur ( e.g. between skin and subcu taneous fat , and be tween 

subcu taneous fat  and the underlying muscle ) .  Measuremen t s  o n  sheep 

are  mos t commonly carr i ed ou t at  the "C" s i t e ,  located over t he 

long i s s i mus mus cle ( eye mus c l e )  a t  the twel f t h  ri b. Fat dep t h  over 

t he  s houlder  at  the "M"  s i t e has also been used to  pred i c t  body 

compos i t i on but wi th  less success t han measuremen t at the "C '' loca t ion  

( Pu rchas , pers. comms.) . 

Modera t e  to  high correla t ions ( 0 . 2-0.8 ) be tween ul t rason i c  f a t  

d e p t h  and carcase compos i t i on have been found ( Gooden e t  al. 1 980 ; 

Wolf  e t  al. 1 98 1 ; Parra t t e t  al. 198 7 )  and u l t rasoni c  measures o f  

back fat  dep th are moderat ely t o  h i ghly repea t able ( 0.56 -0.7 2 ;  

Purchas e t  al. 1981 ) .  Ul t rason i c  fat  dep t h  is  also h i ghly correlat ed 

( r=0.9 1 )  w i th  carcase "GR " , the measuremen t used for  carcase grad i ng 

( Gooden e t  al. 1 980 ) .  The gene t i c  gain achi eved by selec t i on based on 

u l t rasoni c  fat dep t h  w i l l , howeve r ,  be limi ted by the low her i t abi l i ty 

( 0.2 -0.3 ) o f  the fat  dep t h  measurement ( Wolf  e t  al. 1 98 1 ; 

1 98 4 ; S i mm 1986 ) .  

McEwan 

Fat  i s  i nheren t ly a lat e-develop ing t i ssue and d i f ferences i n  body 

compos i t io n  therefore be come more apparen t as the animals approach 

ma t u r i ty. Maximisa t ion o f  gene t i c  improvement  and long t e rm e conomi c  

r e t urn us i ng ul t rasound i s  bes t achi eved by selec t ion based o n  a 1 0 - 1 2  
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mont h  weight -correc ted back-fa t measuremen t ( Si mm 1 986 ; Bea t son 

1 9 87 ) . Hence selec t i on on the bas is  of  ul t rason i c  backfa t dep th does 

no t appear t o  be a viable o p t i on i f  rams or  ewes are to be ma ted as 

hogge t s  in  order t o  reduce the generat i on i n t e rval . 

( b )  Ad ipo cy t e  s i z e  and number 

The h i s t ology of ad i pose t i ssue has been exami ned to d e t ermine 

whe ther any cellular charac t e r i s t i c  may be ind i cat ive o f  gene t i c  me r i t 

for  reduced fat  depos i t i on . The to tal  number and s i ze o f  ad i pocyte  i n  

sheep increase u p  t o  12  mon ths o f  age wi th  the increase i n  numbers , o r  

hyperplas t i c  growth , being mos t rapid in  the 8-12  mon th period . A f t e r  

1 2  mon ths o f  age , fat t en i ng predominan t ly involves changes i n  cell  

s i z e  or  hype r t roph i c  grow th ( Hood 1 9 7 7 ) .  The s i z e of  ad i pocy t e s  in  

t h i s  later  growth  phase has  been found t o  be grea t e r  i n  gene t i cally 

f a t  sheep ( Kad im 1989 ) and p i gs ( Hood 198 3 )  when compared wi t h  lean 

an i mals . No d i f ference exi s t ed between the l i nes in  cell numbe r s . 

Sele c t ion o f  animals for reduced ad i pocy t e  s i z e  may r educe t o tal body 

f a t  based on the fact that ad i pocy t e  d i ame t er has a her i t able 

c omponen t and a h igh gene t i c  correla t i on wi th  body f a t  con tent  ( Ch'ang 

e t  al . 1986 ) .  However ,  as wi th  the use o f  fat  dep t h  measures , cell  

s i z e  would no t  b e  o f  use as  a pred i c t or  o f  gene t i c  mer i t  f o r  lean 

growth unt i l  

repeatable 

af ter  

measures 

puber ty . Problems 

of api pocy te s i ze 

also 

as 

exi s t  i n  

var i a t ion  

ach ieving 

i n  c e l l  

charac te r i s t i cs exi s t s  be tween and wi thin  f a t  depo t s . Cell s i ze  i s  

also  i n fluenced b y  nu t r i t i onal s t a t us ( Leat and Cox 1980 ) . 
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3 .  Phy s i o l ogi cal charac t er i s t i cs 

None o f  the curren t ly avai lable markers i s  i deal as a pred i c t o r  o f  

gene t i c  mer i t  for lean mea t produc t i on . Superior  markers are b e i ng 

s ough t whi ch may overcome t he current problems of  low accuracy and 

h i gh asso c i a ted cos t s .  Many at t emp t s  i nvolve the use  o f  d i ve rgen t ly 

s elec t ed l ines o f  animals i n  wh i ch the phys i o log i cal bas i s  o f  

pheno ty p ic  d i f ferences i n  lean t i ssue grow t h  i s  s tudied . Al t hough the 

gene t i c  mer i t  o f  indivi dual an i mals wi thin  t hese l i nes i s  no t known , 

l i ne means are 

researchers some 

su f f i c i en t ly d i f feren t 

assurance that  they 

pheno typi cally to g i ve 

also d i f fe r  in  mean gene t i c  

meri t .  I t  i s  there fore as sumed that phys i o logi cal d i f fe rences b e t ween 

the l ines are gene t i cally based . Hence many a t temp t s  are being made 

t o  iden t i fy phys i oloigi cal d i f ferences be tween sele c t ion l i nes wi t h  a 

v i ew t o  us ing such di f fe rences as pred i c tors o f  gene t i c  me r i t .  

Fur ther  areas o f  use for such selec t i on lines are the develo pmen t o f  

exogenous growth  p romo t i ng age n t s  and the loca t ion and man i pulat ion  o f  

key regulat ing genes . 
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Phy s i ologi cal Di f ferences Be tween Sele c t ion Lines 

1 .  Basal concen t rat i ons of ho rmones and me t abo l i tes 

The measu rement  of basal plasma concent ra t i ons of ho rmones and 

me t abol i t es  is o f ten the s t a r t i ng po i n t  i n  the s tudy of phy s iolog i cal 

d i f ferences between selec t i on l i nes . Such concent ra t i ons are o b t a i ned 

f r om samples normally col lec t ed by ven i pun c t ure or , f o r  mul t i ple or  

f r equen t sampl i ng ,  by means of  venous cannulae . Basal hormone 

concen t ra t i ons may ind i ca t e  the level of endocr i ne s t i mulat i on of a 

pa t hway wh ich  affec ts  the growth  of  ad i pose or lean t i s sue. Basal 

me t abol i t e concen t ra t i ons may indicate  the  ava i lab i l i ty o f  

i n t e rmedi ary me taboli tes  for  the syn thes i s  o f  these t i s sues o r  level 

o f  byprodu c t s  from t h i s  syn t hes i s . The concen t ra t i ons of these  

f a c t ors  will  i n  turn be a func t i on o f :  

a )  the r a t e  o f  turnover i n  the plasma pool , 

b )  t he s i ze o f  the plasma pool , and 

c )  the s e t  level a t  wh i ch secre t ory and /or clearance processes 

are i nvoked thus mod i fying the concen t rat ion. 

H o rmones 

( a )  Soma t o t ro p in  

S tu d i es i nvolving t he exogenous use o f  soma t o t ropin i n  growing animals 

have repo r t ed decreases i n  carcase fat and increases in carcase 

p ro t e i n  con t e n t  in  p igs ( Machl i n ,  1 97 2 )  and we t her lambs ( Wagner and 

V eenhui zen 1 9 7 2 ;  Mui r e t  al . ,  1 983 ) . Inc reas e s  i n  grow t h  r a t e  

( Machl i n ,  1 9 7 2; Wagne r and Veenhu i zen 197 2 )  and decreased feed per 
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uni t  gain ( Machlin , 1 97 2 ;  Muir e t  al . , 1 98 3 )  were also observed . 

Soma t o t ropin  treatmen t appears t o  increase carcase pro t e i n  depos i t i on 

at the expense o f  ad i pose t i ssue accre t i on . Further man i pula t ion o f  

soma t o tro p in  has been ach ieved by the i mmuni s a t i on o f  an i mals agains t 

soma t o s t a t i n . This i s  a neuro-pep t i de wh i ch decreases the p i tui t ary 

release o f  soma t o tro p in  and t hyroid  s t imula t i ng hormone . However,  

i mmuni s i ng lambs i n  this manner has no t been success ful i n  al teri ng 

body compos i t i on . Some of these s tud i es resul ted in i ncreases i n  

growth  rate ( Spencer e t  al . 1983 ; Bass e t  al . 1 9 8 4 )  whi le o thers 

o b t a i ned no response ( Varner e t  al . 1 980 ; Bass e t  al . 1 984 ) . 

There is  evi dence o f  a reduc t i on in soma t o t ropin secre tory capac i ty 

i n  obese humans ( Bray and York , 197 1 )  and roden t s  ( Be ck e t  al . , 19 7 1 ) .  

S i mi lar d i f ferences have also been no t ed i n  lines o f  pigs sele c t ed on 

backfat depth ( Wangsness e t  al . , 197 7 , 198 1 ) ,  or on both backf a t  dep t h  

and growth ra te (Althen and Gerri t s ,  1 9 7 6 a ,  1 9 7 6 b ; Ri ngberg 

Lund-Larsen e t  al . ,  1 9 7 5 ) . Measuremen ts  o f  basal soma t o tro p i n  levels  

in  ca t t le have been nega t ively related t o  body fatness  ( Trenkle e t  

a l . ,  1 9 78 ) , al though evidence o f  this  rel a t i onship i n  rumi nan ts  i s  

g enerally n o t  well supported . However, t here are d i f f i cu l t ies  i n  

assess i ng the basal soma t o trop i n  s t a tus of  animals a s  the hormone i s  

s e cre t ed from the p i tui tary gland i n  pulses ( Kl i n d t  e t  al . 1985 ) . 

In tens i ve blood sampling i s  t here fore required t o  mon i t or t hese  

pulses . 

pulse  

The  e f fe c t  o f  soma t o t ropin  on me t abol ism  is  a fun c t i on of  t he 

frequency and amp li tude as well as the average basel ine  

concen t rat i on . 
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( b )  IGF-I 

The small pep t ide hormone i nsulin-like growth fac t o r-I ( IGF-I , 

somatomed in-C ) i s  impor tan t  in  the ma i n t enance of  normal pos t -na tal  

grow th  ( Hall and Sara , 1983 ) and i s  cons idered t o  have a role i n  t he 

gene t i c  regula t ion o f  soma t i c  grow t h .  This  is  seen in  the  grow t h  

pa t t e rns o f  l i nes o f  mice  sele c t ed o n  t h e  bas is  o f  plasma IGF-I 

concen t ra t i ons. Di f fe rences in  plasma IGF-I levels , grow th rate  and 

mat ure body weigh t have been found in  these l i nes ( Bl a i r  e t  al. 1987 , 

1 988a ; S i ddiqui  e t  al. 1 989a ) .  However , Sidd i qu i  e t  al. ( 198 9 b )  

repor t ed that m i c e  f rom low and h igh IGF-I selec t ion l i nes had equal 

f a t  and pro t e i n  compos i t i on when compared at equal body we igh t s .  

Divergence i n  plasma IGF-1 levels has no t been found i n  t h e  Massey 

Uni vers i ty li nes o f  sheep selec t ed on we igh t -correc t ed back fat dep t h  

( Ca r t e r  e t  a l . ,  1989 ) .  Th i s  con t ras t s  wi th  greater basal l evels o f  

IGF-1 found i n  lean , fas t -growing pig selec t i on l i nes when compared 

wi t h  t he i r  f a t , s low-growing coun t erpar ts  (Ringberg Lund-Larsen e t  

al. ,  1 9 7 5 ; Al then e t  al.,  1976 ) .  The inclus ion o f  growth ra t e  i n  the 

s e lec t i on c r i t e r i a  for these p i g  lines may accoun t f o r  the d i vergence 

i n  IGF-1 levels. Selec t i on on weigh t -corre c t ed body compos i t i on i n  

t h e  Massey Un ivers i ty sheep has no t been assoc iated w i t h  any change i n  

growth rate  ( Kad im , 1989 ) .  Car t e r  e t  al.,  ( 1987 ) found t h a t  basal 

IGF-1 levels were correlated wi t h  growth  rate f rom b i r th to 8 mon ths 

of  age ( r=0.5 7 , p<0.05 ) .  Thi s relat ionshi p  has also been observed in  

sheep ( Olsen et  al.,  1 98 1 )  and cat t le (Ringberg Lund-Larsen et  al.,  

1 9 7 7 ) .  Di f f erences in  basal IGF-1 levels i n  pig grow t h  rat e  s elec t ion  

lines  (Ringberg Lund-Larsen e t  al.,  1 9 75 ) , and grow t h  r a t e  d i f ferences 
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i n  mouse IGF- 1 sele c t i on l i nes ( Blai r e t  al . ,  1 9 8 7 ) suppo r t  the 

hypo thes i s  o f  a gene t i c  bas i s  t o  the rela t ionsh i p  be tween grow t h  rate  

and IGF-1 levels.  IGF-1 therefore appears t o  be associated  w i t h  

grow t h  ra t e  wh i le having no apparen t role i n  the determina t ion o f  body 

compos i t i on . 

( c )  Insu l i n  

I n  humans , eleva ted bas al blood insulin leve ls have been ass o c i a t ed 

wi t h  obes i ty ( B ray and York , 1 9 7 1 ) .  This  associat i on i s  t hough t t o  be 

a resul t  of a rela t i ve t i ssue insens i t ivi ty to i nsulin  and / o r  

increased pancrea t i c  sens i t i vi ty to  glucose ( �aghorn e t  al . ,  1984 ) . 

Insul i n  i s  known to  s t imula t e  fat ty acid syn thes i s  and glucose 

u t i l i sa t i on in  ruminan ts  but  these e f fe c t s  are generally less marked 

than those found in  monogas t ri cs ( Vernon , 1980 ) . This  reduced 

response to insulin may be due to  a low capac i ty for  glucose 

me t abol i s m  in  ad i pose t i ssue a r i s i ng from the i nab i l i ty t o  use glucose 

for  f a t ty acid  syn thes i s  and a low capaci ty for glucose oxida t i on 

o t her t han via  t he pen t ose phos pha te pathway . 

A s l igh t eleva t ion in  basal blood insulin concen t ra t i on has been 

as s o c i at ed wi t h  increased levels of fatness i n : sheep ( Munro and 

Geen t y , 1984 ; McCann et al . 198Sc ) ;  fat  mi lkfed vs l ean early weaned 

lambs ( Munro , 1 9 84 ) ; fat vs lean adul t  sheep ( McNiven , 1 9 84 ) ; fat  vs  

lean sele c t ion l i nes o f  p ig s  ( �angsness et  al . , 1 97 7 ;  Mersmann e t  

al., 1 9 82 ) ; and in  obese vs 

1986) . McCann et al., ( 1986)  

rela t i ve i nsulin  insens i t ivi ty 

lean he i f ers ( McCann et  al. , 1985b , 

sugges t ed that the d i f fe rence i n  

be tween the groups o f  hei fe r s  was a 
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resu l t  o f  decreased numbers o f  i nsulin rece p t ors . N o  d i f ferences i n  

basal insul i n  concen t rat i on have been found i n  the Massey Univers i ty 

Sou t hdown selec t ion l ines ( Bremmers e t  a l . , ( 1988 ) . 

( d )  Thyro i d  hormones 

The t hyro i d  gland ma in tains the level of metabol i sm in t i s s ues t o  

an o p t i mal ra t e  f o r  their normal func t i on . The thyroid  hormones that  

ach i eve t h i s , t hyroxine ( T4 ) and tri i od o t hyronine ( T 3 ) ,  s t imula t e  

oxygen consump t i on in  mos t cells in  the body , contri bute  t o  regula t ion 

of  l i p i d and carbohydra t e  me tabo l i sm and are necessary for normal 

growth and ma turat i on ( Ganong , 1981 ) .  

The poss i b i l i ty that d i vergen t pig selec ti on l ines d i f fer i n  

thyro i d  hormone ac t i vi ty and thus in  me tabo l i c  ra te has been examined . 

H igher levels o f  the more ac t ive t hyroid  hormone T3 have been found 

in  the lean p ig  lines ( Bakke and Tvei t ,  1 97 7 ; Standal e t  al . 1 980 ; 

Yen e t  al . 1985 ) . McCann and Re imers ( 1 986 ) fai led t o  f ind any 

d i f ferences in T3 and T4 levels be tween lean and obese hei fers , or any 

corre la t i o n  wi t h  f atness . Obes i ty in humans does no t seem t o  be 

asso c i a t ed wi t h  any abnormal levels o f  t hyro id hormones on the blood 

( Glass e t  al . , 1981 ) .  

The role o f  the thyro id hormones i n  t he growi ng animal i s  

cons i dered t o  b e  permi ss ive , and related mai nly t o  pro t e i n  syn t he s i s  

( Go ldberg e t  al . , 1 980 ; Flori n i , 1 985 ) . However , the  t hyro i d  

hormones may a f f e c t  body compos i t i on i nd i re c t ly .  There appears t o  b e  
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s ome i n t erac t i on be tween thyrox ine and the e f fec t s  o f  soma t o t ro p i n  and 

the IGF ' s  on o t her t i ssues . I t  is though t t hat  the t hyro i d  hormones 

may regulate the number o f  muscle IGF receptors ( Spencer 1 9 85 ) , 

pos i t ively in t erac t w i t h  soma t o t ropin releas ing fac tor i n  s t imula t i ng 

p i tui tary produ c t i on o f  soma t o t ropin ( Leung et al . , 1 98 5 )  and be a 

necessary co- fac t o r  for soma t o t ropin-s t imulated syn t he s i s  o f  IGF ' s  

( F roesch e t  al . ,  1985 ) .  I t  is  not  clear how t hese ind i re c t  a c t i ons o f  

t he thyroid hormones may affec t the determina t i on of  a n  an i mal ' s  body 

fat con t en t . 

M e t aboli  tes  

( a )  Urea and crea t i n ine 

Ram hogge t s  from the low backfa t sheep selec t ion l ine at  Mas s ey 

Univers i ty have cons i s ten t ly exibi ted a lower basal plasma urea 

c oncen t ra t i on than the hi gh backfat selec t i on l i ne ani mals ( Bremmers 

e t  al . , 1988 ; Carter  e t  al . ,  1989 ; Van Maanen e t  al . , 1989 ) .  

S i mi lar d i ff e rences have also been repo r t ed in pig l i nes selec t ed for 

low vs high f a t ness ( Me rsmann et  al . , 1984 ) ; i n  Romney sheep s e l e c t ed 

for high f leecewe ight vs con t rols ( McCu t cheon e t  al . ,  1 98 7 ; Clark e t  

al. 1989 ) ; i n  ca t t le sele c t ed for low vs h igh milk y i elds ( Sej rsen  e t  

a l . , 1 984 ; S i nne t t -Smi th e t  al . , 1987 ) ; i n  lean Texel lambs compared 

w i t h  lambs from the fa t t er  Suf folk breed ( F i t zs i mons and Hanrahan 

1 9 86 ) . In each case , the low plasma urea leve l was evi den t in the  

h igh- produc i ng s elec t i on l i ne . 

Mos t plasma urea i s  derived from l i ver convers ion o f  ammoni a  

produced by t h e  deamina t i on of  surplus amino acids  and rumen 
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d egradat i on o f  d i e t ary p ro t ein . I t  has been sugges t ed that  the  

observed d i f f erence i n  p lasma urea concen t ra t ions could  be due  to  a 

more e ff i c i e n t  use o f  am ino acids for  pro t e i n  syn thes i s  i n  t he h igher 

ra t e  o f  p rodu c i ng l ines , wi t h  an assoc ia ted reduc t ion i n  the 

deamina t i on o f  amino acids . However ,  when s t udyi ng Romney 

f l eecewe igh t and cont rol l ines , McCu t cheon et al . ( 1 987 ) and Clark e t  

a l . ( 1989 ) observed that the fleecewe igh t l i ne also ma i n t a i ned a lower 

p lasma crea t i n i ne concen trat ion . This  sugge s t s  tha t t he con t rol l i ne 

sheep had a lower glomerular f i l t rat ion rate ( GFR) s ince  t h i s  is o f t en 

a charac t e r i s t i c  o f  an imals wi th high levels of  subs tances such as 

u r ea and crea t inine wh i ch are not  a c t ively secreted or reabsorbed in 

the kidney nephron . Expe riments  carried ou t by B remmers  e t  al . ,  

( 1 988 ) in  the high and low backfat Sou t hdown selec t i on l i ne s  and by 

McCu t cheon e t  al . , ( 1 987 ) in the Romney fleecewe ight  and con t rol 

l i nes , have fai led t o  show any d i f ferences be tween l ines in  urea 

excre t i on r a t e  o r  creat i n i ne clearance ra t e .  The plasma u r ea 

d i f ferences were , however , no longer s ign i f i can t when correc t ed t o  a 

common creat i n ine clearance rate  and urea excre t i on r a t e . In a more 

t horough s t udy o f  urea me tabolism  i n  the Southdown selec t i on l i ne s , 

Van Maanen e t  al . ( 19 8 9 )  found that  the plasma u rea d i f ferences 

b e t ween the l ines appeared t o  be pr imar i ly due t o  d i f f erences in urea 

c l earance rate  f rom the ki dney . However , in  con t ras t t o  t he 

fleeceweigh t  sele c t i on l i nes ( McCu t cheon e t  al . 1987 ; Clark e t  al . 

1 9 8 9 ) t here were no d i f ferences in  crea t inine clearance ra t e  or  plasma 

c r ea t i ni ne concen t rat i on be tween the Sou thdown l i nes . Thus t he 

d i f f erences i n  urea clearance cannot  be explained 

d i f f erences i n  glomerular f i l t ra t i on rate . 

ent i rely by 
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( b )  G lucose 

Bremmers et al . ( 1988 ) found an eleva t ed basal blood glucose 

concen t rat ion i n  the low backfat  sele c t ion Southdown l i ne o f  sheep 

compared wi t h  high backfat  sheep . This d i f ference exi s ted i n  s p i t e  o f  

a lower energy i n t ake in the low backfat  ani mals due t o  d i e t  

selec t i on . Such d i f f erences have no t been found i n  o t he r  s t ud i e s  

invo lv i ng t h e  same selec t i on lines ( Carter  e t  al . 198 9 ; Van Maanen e t  

al . 198 9 ) .  D i f ferences have been found i n  pig  selec t ion l ines wher e  

obese p igs main t a i ned h i gher levels o f  blood glucose , but  these levels 

were no t suf f i c i e n t ly d i f ferent t o  be cons i dered a r e f lec t ion o f  

abnorma l i ty i n  glucose me tabolism  ( S teele e t  al . ,  19 7 2 ) .  Subsequen t 

s t udies  have fai led t o  f i nd d i f ferences i n  basal blood glucose 

concen t rat ion in  p ig  sele ct i on lines ( Co t e  et  al . ,  1982 ) .  

( c )  Non-es t e r i f i ed fat ty ac i ds 

McNiven ( 1984 ) found that in a group of  fat  sheep ( a f t e r  3 mon ths  

on a h i gh p lane o f  nu t r i t i on )  the non-es t e r i f i ed fa t ty acids  ( NEFA ) 

levels were higher than i n  leaner sheep . However t h i s  s tudy re flec t ed 

pheno typ i c ,  rather than geno typ i c , d i f ferences i n  body fatness . No 

d i f ferences in basal blood NEFA concen t ra t i on have been found i n  

rela t i on to  fa tness i n  sheep selec t i on line s tud i es ( Br emmers e t  al . ,  

1988 ; Car t e r  e t  al . ,  198 9 ) .  S imilarly , b lood choles t erol and 

t riglyc er ides ( a t  normal feed ing levels ) have no t been found to vary 

be tween p igs selec t ed for rate  of gain and backfat t h i ckne s s  ( B akke , 

19 7 5 ) .  
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Measuremen ts  o f  baseline concen t ra t ions of  hormones and metabol i tes  

may not  be ideal as phys iologi cal marke rs o f  body compos i t ion . They 

are a f fec te d  by e xternal env i romen t al fac t o rs , are some t i mes d i f f i cu l t  

to  i nt e r p re t , and are cons tan t ly being modi f i ed by homeos t a t i c  

regulators . Moreover , the concen t rat i on o f  a par t i cular hormone o r  

me tabo l i t e  i n  the plasma pool may not  reflect  the dynami c s  o f  the 

sys t em because o f  homeos tat i c  i n t e rven t ion . Many s i t ua t i ons are known 

in wh i ch marked changes in me tabo l i c  func t i on occur in the absence o f  

changes i n  ho rmone o r  metabol i t e concen trat ions . These  long - t erm 

changes i n  me tabol ism have been termed '' homeorhes i s " ( Bauman and 

Curr i e , 1980 ) .  Techniques o t he r  than s i mple measuremen t s  o f  

t o  me tabol i t e / hormone concen t ra t i ons 

inves t iga t e  these changes . 

i n  plasma 

Responses  to Me tabo l i t e  and Ho rmone Challenges 

are requi red  

I t  has  been proposed tha t animals achi eve the dynami c  con t ro l  of  

nu t r i e n t  par t i t i on ing b y  the a l t e ring the sens i t ivi ty o f  s pe c i f i c  

targe t t i ssues t o  homeos t a t i c  regula t o rs . ( Bauman and Cur r i e , 1 980 ) 

Challenges are therefore used t o  d e t e c t  d i f ferences be tween gene t i c  

groups i n  sens i t i vi ty t o  homeos t a t i c  s ignals . Challenges gene rally 

i nvolve the measuremen t o f  basal levels o f  hormones and me tabo l i t es 

p r i o r  t o  the admi n i s t ra t i on o f  the chal lenge and the subsequen t 

mon i t o r i ng o f  responses in  a f u r t he r  series  of  samples  un t i l  basal 

concen t ra t ions are again reached o r  approached 

( a )  Insulin  challenge 
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The higher basal glucose concen trat ion found i n  t he low backfa t 

sheep selec t i on line  by Bremmers e t  al . ( 1 988 ) des p i t e  the s i m i lar  

basal insulin concen t ra t i on in  the  two  l ines may reflec t a reduced 

per i pheral sens i t ivi ty t o  insul i n .  If  t h i s  we re the cas e , the blood 

glucose response t o  an insul in challenge would be expe c t ed t o  be l e s s  

i n  t he low backfat  line . When animals f rom t he same l ines were  

cha llenged wi th  i nsulin  by  Car ter e t  al . ( 1989 ) no such d i f ferences 

were eviden t . Conversely McCann and Re i mers  ( 1986 ) found that  obese  

hei fers  had a reduced glucose response t o  insulin and a grea t e r  basal 

insul i n  concen t ra t i on , sugges t i ng that they are res is tant  to  insul i n .  

( b )  Glucose challenge 

The lower basal insulin to  glucose ra t io found by Bremmers e t  al . 

( 1988 ) in  low backfa t sheep could also be i n terpre t ed as sugges t ing 

that the pancreas of the low backfat l i ne sheep is less respons i ve t o  

c i rcula t ing glucose than that of  the high backfat  line . McCann e t  al . 

( 1985c )  found tha t obese Dorse t ewes had a grea ter glucose and i n s u l i n  

response t o  a glucose challenge when compared wi t h  lean ewes . A 

grea t e r  insulin response t o  glucose has been also been found i n  obese  

compared wi th  lean hei fers ( McCann and Re i mers , 1985 ) . Car t e r  et  al . 

( 1 989 ) were unable t o  d e t e c t  d i f ferences in  pancrea t i c  sens i t i v i t y  

( i e . i nsulin  response ) t o  a glucose challenge in  the i r  work wi t h  the  

Sou t hdown selec t ion l i nes . However the h i gh backfat  l ine had a 

great e r  plasma g lucose res ponse to  the glucose challenge wh i ch 

appeared t o  have been largely a t t r i bu t able t o  the i r  smaller  glucose 

d i s t r i bu t i on space . McNiven ( 1984 ) 

d i s t r i bu t i on s pace and pool s i z e  i n  a 

found a 

group o f  

smaller gluco s e  

pheno typically lean 



1 8  

c rossbred sheep compared wi th  f a t  sheep . 

Work by Fran c i s  e t  al . ( 1988 ) and Arms t rong e t  al . ( 1988 ) has 

p roduced li nes o f  lambs s i red by rams selec ted for e i ther long o r  

sho r t  hal f l i fe ( T 112) o f  glucose in  plasma following an i n t ravenous 

glucose infus i on . The progeny o f  the rams wi th  the longer T 112 have a 

l ower subcu t aneous fat  level and a grea t e r  r a t e  of  grow t h .  The longer 

T 112 group also have a reduced hypoglycaemi c response  t o  exogenous 

i nsulin . 

( c )  Glucagon challenge 

Glucagon is a ho rmone secreted pr ima r i ly by the pancrea t i c  A cells  

al though i t  is  also  syn thesi zed by  duodenal and s tomach t i ssue ( Ganong 

1 9 8 1 ) .  Glucagon is a glycogenoly t i c ,  gluconeogeni c  and l i poly t i c  

hormone . I t s  mai n  ac t ions are therefore t o  increase blood FFA levels 

and , by ac t ivat i ng live r  adenyla te cyclase ,  wh i ch s t i mulates  l i ve r  

phosphorylase a c t ivi ty , i t  s t imulates glycogen breakdown t o  glucose . 

The presence o f  glucagon s t imula tes the p roduc t ion o f  soma t o t ro p i n , 

i nsulin  and soma t o s t a t in ( Ganong 198 1 )  wh i le glucagon secre t i on i s  

i nh i bi ted by glucose and am ino acids . Since  insulin i s  a glycogen i c , 

an t i l i po ly t i c ,  and an t igluconeogeni c  hormone , these energy-s t o r i ng 

ac t i ons oppose the energy- releas i ng ac t i ons of glucagon . The 

i nsulin-glucagon molar ra t i o ,  normally abou t 2.3 , therefore d e t ermi nes 

t he  net  e f f e c t  that these hormones have on carbohydra t e  and l i p i d  

me t abol i s m .  

Car t e r  e t  al . ( 19 8 9 )  found a grea ter  plasma NEFA response t o  a 
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glucagon challenge i n  the low backfat Sou thdown sheep s e lec t i on l i ne 

compared w i t h  the high backfat l i ne . Th is  sugges t s  that  the low 

backf a t  l i ne is more sens i t ive to  the l i poly t i c  e f f e c t s  of glucagon 

t han the h igh backfa t ani mals . No d i f ferences i n  blood glucose 

response to glucagon were apparen t be tween the lines . 

( d )  Ad renal ine challenge 

Adrenaline ( e pinephrine ) is secre t ed f rom the ad renal medulla and 

among i t s ac t i ons on me t abolism are l i poly t i c  and glucogenoly t i c  

e f fe c t s . 

Car t e r  e t  al . ( 1 989 ) fai led to  f ind d i f ferences be tween the 

Sou t hdown selec t i on l i nes in l i poly t i c  res ponse t o  an ad renaline  

challenge ( i e .  the ad renal ine response d i d  no t di f feren t i a t e  be tween 

the l i nes in  the same way that l i poly t i c  responses to glucagon d i d ) .  

However p ig  s tud i es have found that  fat  s low-growing p igs are  less  

sens i t ive t o  t he 

fas t -growi ng l i nes 

l i poly t i c  e f fec ts  of  

( S tandal e t  al . 1 9 7 3 , 

adrenaline  than 

1979 ; Mersman 

l ean 

1985 ) .  

B rocklen e t  al. ( 1 986 ) also showed a reduced l i poly t i c  response t o  an 

adrenaline challenge in f a t  P i e t rain p igs when compared wi t h  lean 

p i gs . Cellular response to  glucagon and ad renal ine i s  med i a t ed v i a  

t h e  C-AMP cascade sys t em involving speci f i c  rece p t o r s  f o r  t hese  

hormones ( Hu e t  al . 1 987 ) .  Di f ferences found by  Car t e r  et  al . ( 1 989 ) 

i n  l i poly t i c  res ponse t o  glucagon , but no t t o  adrenal ine , may r e f le c t  

a grea t e r  numbe r  o r  binding a f f i n i ty o f  glucagon rece p to r s  t han 

ad rena l i ne rece p t ors i n  the low backfat  l ine . 
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( e )  Fas t ing and refeed ing 

The depr i va t i on o f  an ext ernal nu t r i en t  supply w i l l  induce many 

phy s i ologi cal changes wh i ch enable the con t i nued s upply of necessary 

me t abol i c  subs t rates. These changes invo lve the mob i l i sa t i on o f  

s t o red nu t ri en t s , par t i cularly s t ored energy , and a reduc t ion  i n  the 

accre t i on o f  many t i ssues. The phy s i o logi cal response t o  fas t i ng 

requi res a coord inated change in  the par t i t i o n i ng o f  ava i lable 

nu t r i en t s  whi ch may d i ffer  between d i f f e r i ng geno types for body 

compos i t i on. In  a s t udy o f  the Massey Un ivers i ty Sou thdown selec t i on 

l i nes ( Ca r t e r  e t  al. 1989 ) an imals were fas ted  and r e f ed and 

phys i ologi cal responses were moni tored. The soma t o tropin  response t o  

fas t i ng o f  t h e  low backfat  an i mals was three t imes that o f  t h e  h igh 

backfat animals. S i m i lar fas t ing res ponse d i f ferences have been f ound 

in lean and o bese l i nes of p i gs ( Wangsnes s e t  al. 1 9 7 7 , 1 98 1 ) .  

Fas t i ng and refeed i ng urea d i f ferences be tween the sheep selec t ion 

l i nes have also been found wi th  lower urea levels in  the low backfa t 

ani mals ( Ca r t e r  e t  al. 1989 ) .  No d i f ferences have been found i n  the 

changes i n  glucose and NEFA levels  asso c i a ted w i t h  fas t i ng in  t he 

sheep ( Ca r t e r  e t  al. 1 989 ) or  pig  l ines ( Wangsness e t  al. 1 9 7 7 , 1 98 1 ) .  
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4 .  F a t  breakdown and oxida t i on 

The rate  o f  ad i pose t i s sue development  i s  a fun c t i on o f  b o t h  

l i pogene s i s  and li polys i s . There are a number o f  key enzymes 

con t roll i ng these oppo sing processes wh ich  have the abi l i ty to exe r t  

a n  i n f luence over the d e termi na t i on o f  body compos i t i on . The a c t i v i t y  

o f  s ome o f  these enzymes may d i splay su f f i ci en t  gene t i c  var i a t i on t o  

enable t he i r  successful u s e  a s  gene t i c  marke rs in  selec t ion programmes 

for mea t -p roducing animals . 

Many s tudies  o f  the rate  o f  ad i pose t i ssue breakdown ( l i polys i s )  

i nvolve the measure o f  r a t e  o f  epinephrine-s t imulated  fat ty a c i d  

release. This  p r i mar ily measures the ac t i vi ty o f  the f a t  mob i l i s i ng 

l i pase enzyme , respons ible for  the hyd rolys is  o f  f a t ty acids  and 

glycerol from t r iglyceri des . Many pig  s tudies have exami ned l i poly t i c  

r a t e  i n  sele c t ion lines ( Sco t t  e t  al . 198 1 ; Mersmann e t  al . 1 9 8 4 ; 

Mersmann and Koong 1984 ) and have found no cons i s t e n t  d i f ferences 

be tween l i nes . Mersmann ( 1 985 ) , i n  an e f fo r t  t o  resolve the  

assessmen t o f  l i po ly t i c  rate  i n  the pig l i nes , conduc t ed a large t r i a l  

on lean and obese p ig  l i nes and was not  able t o  d e t e c t  any 

d i f fe rences . 

Ca t alas e , an enzyme involved i n  many pa t hways including f a t ty a c i d  

o x i da t i on i n  the liver , has been found t o  have a grea t e r  ac t iv i ty i n  

l i ver b i opsy samples from high backfat Sou t hdown sheep o f  t he Mas s ey 

Univers i ty selec t ion lines , compared wi t h  t he low backfat sheep 

( Pe te r s on and Purchas , 1989 ) .  The correla t i ons be tween l i ve r  catalase 

ac t i v i t ies  i n  10  s i res (5  s i res per line)  and both the  u l t rasound "C'' 
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f a t  dep th and carcase ''GR" f a t  dep th measurement o f  2 9 3  progeny were 

0 . 60 ( P=0 . 05 )  and 0 . 65 ( P <0 . 05 ) , respe c t ively . Due to the many 

me t abol i c  processes i nvolv ing the catalase enzyme fur t he r  work i s  

necessary t o  ver i fy the findings of  Peterson and Purchas ( 1989 ) . 

5 .  Fa t accre t ion 

Li popro t e i n  l i pase ( LPL)  is  an enzyme whi ch ca talyzes the u p t ake of 

f a t ty acids at  the blood cap i llary i n t e r face . A grea t e r  foe t al 

ac t i v i ty o f  LPL has been found a t  1 10 days o f  ges t a t ion i n  h i gh 

backfa t lines o f  p igs compared wi th  t he low backfat  line  an imals 

( McNamara and Mar t i n ,  1982 ) . The larger average ad i pocy t e  s i z e  f ound 

by Hausman e t  al . ( 1 98 3 )  in the high backfa t pigs of the same l i nes a t  

t h e  same age would also suppo r t  t h i s  d i f fe rence i n  li pogenes i s . 

Measures o f  pos tnatal l i pogenes is  in  pigs have also iden t i f i ed grea t e r  

r a t e s  in  p igs f rom lean selec t i on l ines a t  3-6 mon ths o f  age ( S t e e le 

e t  al . ,  1974 ;  S t eele and Frob i sh , 1976 ; Sco t t  e t  al . ,  1 98 1 ) . 

The supply o f  reducing equivalen t s  ( NADP H )  has been found t o  be a 

maj o r  fac tor  l i mi t i ng the de novo syn thes i s  o f  fa t ty acids . The 

pen tose  phospha t e  pathway produces 50-80% of NADPH 

ad i pose t i ssue for  the syn thes is  o f  fat ty acids . 

requi red i n  p i g  

This pa t hway i s  

c a talyzed by t h e  enzymes glucose-6-phospha t e  dehydrogenase ( G-6-PD ) 

and 6 phosphogluconat e  dehyd rogenase ( 6-PGD ) . The rema i n i ng NADH i s  

produced by the oxidat ion o f  c i trate  t o  py ruva t e  i n  a pa t hway 

ca t alysed by malic dehyd rogenase ( MD) , cit ric cleavage enzyme (CC )  and 

NADP i soc i t ra t e  dehydrogenase ( NADP-ICD) .  Elevat ed a c t iv i t i es o f  

t hese  enzymes has been repo r t ed in  l i nes o f  p i gs selected  f o r  f a t n e s s  
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( S t eele  e t  al . ,  1 97 2 ; McNamara e t  al . ,  1982 ; Rogdaki s ,  1982 ; 

Ro t h fuss  e t  al . ,  1984) and i n  obese ra t s  ( Hood , 198 3 ) . The ac t i vi ty 

o f  t hese enzymes has been shown t o  be highly he r i t able i n  pi gs 

( h2=0 . 4-0 . 7 ,  hal f  sib analys i s )  and to have a gene t i c  c o r rela t ion  wi t h  

carcase fatness o f  0 . 4-0 . 7  ( S t ru t z  e t  al . ,  1972 ; S t andal e t  al . , 

1 9 7 9 ) .  

6 .  Pro t e i n  syn thes i s  

F i nal mus cle mass i s  d e t e rmined early in  l i fe by t h e  rep l i ca t i on 

and accumulat i on o f  DNA by mus cle satelli t e  cells . The amoun t o f  DNA 

repl i ca t ed may be rela t ed t o  the number of  precursor s a t e l l i t e  cells  

a t  o r  near b i r t h  (Allen e t  al . 1979)  Lower numbers o f  s a t e l l i t e  cells  

show i ng proli ferat ive ac t i vi ty have been found in  high f a t  l ines o f  

pigs ( Ho f fman e t  al . 1 98 3 )  and m i ce ( Purchas e t  al . 1 9 85 ) . The ra t e  

o f  mus cle thymid ine up t ake has also been rela ted t o  r a t e  o f  DNA 

syn t hes i s . Lord e t  al . ( 1 986 ) found an increased r a t e  o f  

incorporat i on o f  labelled t hym i d i ne i n t o  t he muscle o f  young lambs 

from a low fat selec t i on li ne . Both t hese f i ndings sugges t  that  the 

repl i ca t i on o f  DNA and therefore the d e t e rmina t i on o f  p o t e n t i al muscle  

con t en t may vary between geno types for lean body con t en t . 

Pos t -na tal muscle hype r t rophy i s  the net  result o f  muscle  accre t i on 

and d egradat ion , the ra t i o  o f  wh ich , i n  young pigs , i s  approx i ma t e ly 2 

t o  1 ( Wa t e r low e t  al . 1984) . Insulin i s  necessary for  the con t r o l  o f  

amino  ac i d  u p t ake i n  muscle and the supply o f  energy , and is  a 

co-fa c t o r  t o  soma t o t ropin  for  the syn thesis  o f  IGF-I i n  the live r 

( Allen e t  al . 1 9 79 ) . However insulin has more o f t en been nega t ively 
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associa ted wi t h  pro te in  con t en t  and pos i t i vely asso c i a ted w i t h  fa t 

con tent  (T renkle e t  al . 1 9 7 8 ) and i s  therefore cons i de red as hav i ng 

p e rmiss ive role i n  pro te in  accre t i on .  

Pos t-natal t rea t men t o f  young sheep w i th soma t o t ropin  p romo t e s  

i n c reases in  growt h  r a t e  and the rela t i ve ra te  o f  pro t e i n  depos i t i on 

( Chung et al . 1 985 ; Pell et al . 1987 ) and foe tal body compos i t i on has 

been rela t ed to p lasma soma t o t ropin  levels  in  gene t i cally lean and 

obese p igs ( Ho f fman et al . 1983 ) . Soma t o t ropin  has also been 

im plica ted i n  the promo t i on of myogeni c  cell prol i fe ra t i on i n  young 

p igs ( Ko t ts e t  al . 198 7 ) . These f indings are suppor t ed by 

cons i s t en t ly grea t e r  plasma soma t o t ropin  l evels found in l ean p i g  

selec t i on l i nes when compared wi th  fat  selec t i on l ines ( R i ngberg 

Lund-Larsen et al . 1975 ; Al then e t  al . 1 9 7 6 ) .  

Muscle cell subs t ra t e  uptake , ri bosome ac t ivi ty ,  DNA syn t he s i s  and 

p r o t e i n  syn t hes i s  in vi t ro have all been shown to increase when 

an imals are t rea t ed w i t h  IGF-I , IGF-II  and s oma t o t ropin  ( Fl o r i n i  1985 ; 

Froesch e t  al . 1985 ) . Soma t o t ropin  appears to  have a pos i t i ve e f fe c t  

o n  p ro t e i n  depos i t i on a s  i s  seen in  p i g  selec t i on l i nes ( R i ngberg 

Lund-Larsen et al . 1975 ; Al then et al . 1 9 7 6 )  and i t  is l i kely that  

the e f fe c t s  of  soma t o t ropin  are  invoked both  d i re c t ly on muscle  cells  

( F lorini  1985 ) and via  IGF-I ( R i ngberg Lund-Larsen e t  al . 1 9 75 ) . 

Pos i t ive i n t e rac t i ons between the thyro i d  hormones and the e f fe c t s  

o f  soma t o t ro p i n  and IGF-I o n  pro t e i n  accre t ion have been found , 

pos s i bly due t o  t hyro i d  regula t i on of  IGF receptor numbers ( Spencer 

1 9 8 5 ) ,  pos i t ive i n t erac t i on wi th  growt h  hormone- releas i ng f a c t o r  
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( Leung e t  al . 1985 ) , and t h e  fact  that  t hyro id fun c t i on may be  a 

necessary fac to r  for ho rmone s t i mula t ed syn thes is  o f  IGFs ( Froesch e t  

a l .  1 9 8 5 ) . Thyroid ho rmones have not  been d i re c t ly r e l a t e d  t o  con t ro l  

o f  pro t e i n  me tabo l i sm and there fore , as wi t h  i nsul i n , appear t o  have a 

p ermi ss ive role . 

Non-Gen e t i c  Fac tors Af fect ing 

Selec t i on Lines 

Phys i o logi cal Di f fe rences B e t ween 

When at t em p t ing to  iden t i fy gene t i c  e f fe c t s  on phys i olog i cal 

p ro cesses i n  animals , cons idera t i on mus t be given t o  i n terac t i ons 

b e t ween gene t i c  and non-gene t i c e f fec t s .  The non-gene t i c  e f f e c t s , 

i n c lud i ng envi romen t al , age , we igh t , e t c . e f fec t s , w i l l  d i c t a t e  the 

condi t i ons under wh i ch s t ud ies  mus t be performed if  the i solat i on of  

t rue gene t i c  e f fe c t s  i s  t o  be at temp ted . Fai lure t o  corre c t  for  o r  

s t andard ise non-gene t i c  fac tors  may mean t h a t  po t e n t ial gene t i c  

markers are n o t  iden t i f i ed o r  that selec t i on on the bas i s  o f  marke rs 

is assoc i a t ed wi t h  low rates o f  gene t i c  gai n  due to  the i n f luence of 

the non-gene t i c  factors ( i e .  a low heri tabi l i ty ) .  Some examples of 

impo r t an t  non-gene t i c  e f fe c t s  will now be cons idered . 

1 .  Age 

Van Maanen e t  al . ( 1 9 8 9 )  found a rela t i onship  between plasma u r ea 

levels and age i n  Sou thdown sheep f rom the Massey Un ivers i ty selec t i on  

l i ne s . Wh ile  u rea in  the low backfa t  l i ne remai ned independen t o f  age 

( ov e r  the  range of 6 to 8 mon t hs ) , levels in t he high line decreased 

wi t h  age . Thus urea levels i n  the two l ines converged as the an imals 
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aged . This  relat i onsh i p  was n o t  been found i n  two previ ous s tu d i e s  on 

the same sheep selec t i on l i nes ( Bremmers et al . 1 988 ; Car t e r  e t  al . 

1 98 9 ) , pos s i bly because fewer animals were i nvolved and the range i n  

ages was smalle r . Sej rsen e t  al . ( 1 984) , i n  a s tudy o f  bull calves o f  

h igh o r  low gene t i c  meri t for m i lkfat  produc t i on ,  observed large 

between-line d i f ferences in  plasma urea concen t ra t i on at abou t 3 . 5  

mon ths but only smal l d i f ferences at  7 mon ths o f  age . 

�hen s tudyi ng changes i n  the glucose- insulin s tatus  o f  p i g  

selec t i on lines , Mersmann e t  al . ( 1 98 2 )  showed that found t ha t  plasma 

insul i n  in  the fat and lean l i nes d ive rged wi t h  inc reas i ng age . P igs 

f rom t he lean l i ne had lower insul i n  levels t han those o f  the fat l i ne 

a t  1 6-22 weeks o f  age but  no t at  4- 1 2  weeks . �angsness e t  al . ( 1977)  

found a grea t e r  inc rease in glucose clearance rate  wi t h  age i n  lean 

selec t i on line  p igs than in  obese pigs . 

Di f ferences i n  the ra t e  o f  l i polys is  be tween selec t i on l i ne s  o f  

p igs may also be dependen t on age ( Mersmann 1986 ) .  �hen l i poly t i c  

rates  were compared for  p i gs a t  28 , 42 and 5 6  days , the  obese pigs had 

grea t e r  rates of l i po lys i s  only unt i l  42 days old . 

l i poly t i c  ra t e s  were s i m i lar i n  the two l i nes . 

A t  56  days , 

Thus age i s  a factor  wh i ch can a f f e c t  the magni tude o f  gene t i cally 

based d i f ferences i n  me t abol i sm related to  body compos i t i on . Ev i d en c e  

o f  t h i s  geno type b y  age in t erac t i on implies t h a t  c a r e  mus t b e  t aken 

when s e l e c t i ng the age at wh i ch an i mals are t o  be s tud i ed . The 

e f fec t s  of the geno type by age in t e rac t i ons appear to be mos t apparen t 

when an ani mal  i s  young and growing rapidly . However ,  i n  t h e  grow i ng 
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animal , t he in t erac t i ons be tween geno type and age may be  con founded 

wi t h  weigh t  e f fe c t s  thus making the iden t i f i ca t i on o f  any t rue age 

e f fec t more d i f f i cul t . 

2 .  Phys i o logi cal s ta t e  

The ma in changes in  the phys i o logi cal s tates  o f  

asso c i a t ed wi th  f emales and include s tage of  

pregnancy , and lac t a t i on .  E f fec ts  o f  puber t y ,  

farm an imals a r e  

t h e  oes t rus cycl e , 

ano ther  t i me o f  

impo r t an t  phys i o log i cal changes , are to  a large degree confounded w i t h  

t h e  e f fec ts  o f  age a s  d i scussed previ ous ly . 

McCann and Re i mers  ( 1986 ) examined the rela t ionsh i p  be tween t he 

s t age o f  oes t rus 

pheno typi cally lean 

cycle and 

and obese 

insuli n/glucose 

hei fers . They 

me tabo l i s m  

found that  

in  

basal 

concen t ra t i on of insulin was pos i t ively correla t ed wi t h  degree o f  

obes i ty a t  both  oes t rus and d i oes t rus . However ,  the  d i f f e rence 

between obese and lean hei fers i n  basal i nsul i n  was grea t e r  a t  

d i oes t rus than a t  oes t rus . There have been n o  a t temp t s  t o  exam i ne the 

e f f e c t s  of  o t her physiologi cal s t a t e s  ( eg .  pregnancy , lac t a t i o n )  on 

the me t abol i s m  of gene t i cally lean and fat  ani mals . 

3 .  D iurnal var i a t i on and dayleng t h  

Dur i ng a 24  hour blood sampl ing s t udy b y  Bremmers  e t  al . ( 1 988 ) 

wi t h  h i gh and low backfat sheep li nes , plasma NEFA d i s played a d i urnal 

pat t e rn in rams fed the 0 . 7  mai n t enance ra t ion even t hough the ani mals 

were fed at  2 hour ly i n tervals and rema i ned unde r  a cons t an t  l i gh t ing 
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regi men . Thus the lo w  backfat  animals had a grea t e r  basal NEFA 

concen t rat i on bu t only dur ing the nigh t . There is also evidence of a 

pho t operiodi c/seas onal e f fe c t  on blood urea d i f ferences be tween Romney 

f leecewe igh t selec t i on lines ( Ma t t hew 1989 ) . The d i f fe rence in blood 

urea be tween the fleeceweigh t and con t rol l ines t ended t o  be grea t e s t 

dur i ng the w i n t e r  pe r i od . 

4 .  Energy balance 

The plane o f  nu t r i t i on i s  an impor tan t  fac tor  i n f luen c i ng mos t 

metabo l i c  processes t hrough the supply o f  nu t r i en t s . A t t emp t s  t o  

m i n i m i z e  var i a t i on i n  energy balance requ i re the s t andard i za t i on o f  

feed i n t ake . Th i s  commonly involves feed ing all animals a f i xed 

propo r t ion o f  mai n t enance , as sumi ng that ma i n t enance can be calculated  

us ing me tabol i c  body weight ( l ivewe igh t 0 · 7 5  i s  o f ten used ) . Howeve r ,  

i n  mos t s tud ies involving sele c t ion l i nes , plane o f  nu t r i t ion  i s  

'' s t andard i sed " by assuming that  t he two l i nes have equal mai n t enance 

energy requi reme n t s  per uni t me tabo l i c l i veweigh t . Th i s  as s ump t ion  

does  no t always ho ld  t rue . For  example , lean and obese p igs f ed in  

propo r t ion to  me t abol i c  l iveweigh t have been  shown t o  have d i f fe r e n t  

energy balance , i mply i ng d i f ferent  mai n t enance requi remen t s  ( Yen e t  

al . 198 3 ) . Fai lure t o  s tandard ise  energy balance i n  me tabol i c  s tu d i e s  

may lead t o  erroneous conclus i ons . An example o f  t h i s  was seen i n  a 

s t udy comparing basal concent rat ions of  me t abol i tes and hormones i n  

h igh and low p rodu c i ng dai ry cows when fed a t  s i m i lar energy i n t akes 

( Ha r t  et  al. 1978 ) .  D i f ferences found be tween t he h igh and l ow 

produc ing cows in  the leve ls of  these b lood componan t s  were large ly 

due t o  d i f ferences i n  energy balance ( i e .  energy balance and gene t i c  
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mer i t  w e r e  con founded ) and d i f ferences d i sappeared when an i mals were 

fed t o  ma i n tain  equal energy s t atus ( Hart  1983 ) . 

Nu t r i t i onal s ta t us could p o t en t i ally be used t o  o p t i m i se the 

express i on o f  phys i o logi cal d i f ferences between d i f fering  geno types as  

i t  no t only d i re c t ly affec ts  the c i rcula t ing levels o f  me t abo l i tes  and 

hormones b ut  can alter  t i ssue sens i t ivi ty to  hormones . An example o f  

t h i s  was seen when the release o f  soma t o t ropin , and i t s  r e la t i ons h i p  

wi th  plasma IGF levels , was s t udi ed in  s teers fed on t h ree  d i f fe rent  

planes o f  nut ri t ion ( Breier et  al . 1 9 86 ) . Associa ted wi t h  the lower 

levels  o f  i n t ake were a h i gher mean concen t rat i on ,  amp l i tude and 

response area , and the elimina t i on o f  any d iurnal rhy thm in plasma 

soma t o t ro p i n .  Basel i ne concen t ra t ion and pulse f requency d i d  n o t  

a l t e r  wi t h  plane o f  nu t r i t ion . Thes e  changes are cons i s t e n t  wi th  t he 

hypo thes i s  that  n u t r i t i on-dependen t change i n  soma t o t ro p i n  

respons i veness i s  a dominan t inf luence on the s t a t e  o f  the 

soma t o t roph i c  axi s  and growt h  in  the ruminan t . Thus man i pula t ion o f  

energy balance could po tent ially b e  used t o  max i m i s e  d i f ferences 

be tween genotypes i n  the func t i on o f  the s oma t o t ro p i c  ax i s .  

The e f fe c t  o f  the in terac t i on be tween energy balance and geno type 

for  body compos i t i on on basal hormone and me tabol i te concen t rat i ons 

was s tud i ed by Bremmers et al . ( 1 988 ) . They used feed i ng l eve ls o f  

0 . 7  and 1 . 2 t i mes mai n tenance energy requi remen t t o  crea t e  d i f fe r ing 

energy balances b e t ween h i gh and low backfat  Southdown s e l e c t i on l i ne 

sheep . They found that energy balance did influence phys i ologi cal 

d i f ferences be tween t he selec t i on l i nes . Basal plasma urea 

d i f ferences be tween the l ines were grea t e r  when animals were fed above 



30 

mai n t enance requi remen t and basal crea t i n i n e  d i f ferences were grea t e r  

when ani mals were f e d  below ma i n t enance . In terac t i ons w i t h  energy 

balance have n o t  been used as cri t e r i a  i n  metabo l i c  s tudies  exam i n i ng 

res ponses t o  me tabol i c  challenges in  d i ve rgen t sele c t ion  l ines . 

In  conclus i on , i t  seems l i kely that a number of  non-gene t i c  fac t o rs 

may inf luence the express ion of  me tabol i c  d i f ferences be tween animals 

o f  low or  h i gh gene t i c  mer i t  for lean t i ssue growth . Energy balance 

is l i kely t o  be one impor tan t  such 

respons i b le for  d i f ferences observes 

s t a t es . However , des p i t e  i t s  po ten t ial 

i n f luence and may also be 

i n  d i f ferent phys i o logi cal 

importance , t he e f fe c t  of  

energy balance on t he me tabo l i sm o f  gene t i cally lean and fat  an i mals 

has no t been s t ud i ed in d e ta i l .  
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Purpose and Scope o f  the I nves t i ga t i on 

Previ ous s t ud i e s  have shown t hat  di f ferences exi s t  be tween h i gh and 

low backfat s e le c t ion lines i n  basal hormone and me tabol i t e 

concen t ra t i ons and i n  the phys i o logi cal responses t o  me tabol i c  

challenges . M e t abol i c  challenges involve t he i n t ravenous 

adm i ni s t ra t i on o f  homeos t a t i c  regula tors such as hormones o r  

me t abol i t es , a s  we ll  as fas t i ng and re feed i ng t reatmen t s .  I f  such 

d i f fe rences in  hormone and metabol i te concen t ra t i ons were b o t h  

repeatable and eas i ly measured , they could prove t o  be use ful marke rs  

o f  gene t i c mer i t  for  lean mea t grow th i n  young an i mals . 

The respons iveness o f  me t abol ic  sys t ems t o  homeos t a t i c  regula t o r s  

i s  known t o  b e  i n f luenced b y  the energy balance. Thus i t  i s  l i kely 

that the d i f f erences be tween the geno types in  respon s iveness t o  

challenges may vary accord i ng t o  the energy s t atus . Th i s  would 

rep resen ts  a geno type by ene rgy s t atus in t e rac t i on. I f  t h i s  were s o ,  

the  energy s t a t us would t hen represen t an impo r t an t  cons i d e ra t ion  i n  

the use o f  s pec i f i c  gene t i c  markers for  the d i f feren t i a t i on o f  

selec t i o n  l i nes . Some examples o f  geno type by energy s t a t us 

i n t e rac t ions have been descr i bed previously. 

The o bj ec t i ve of t h i s  s tudy was therefore to  examine r e s ponses t o  

me t abol i c  challenges i n  ram hogge ts  f rom the Massey Uni vers i ty h igh 

and low back f a t  Sou thdown selec t ion l i nes . Of  par t i cular i n t eres t 

were the e f fe c t  o f  energy balance on responses to metabo l i c  

challenges , and t he i n t erac t i on be tween selec t i on line  and energy 

balance. Fee d i ng levels o f  0 . 7  and 1 . 3  t i mes calcula t ed ma i n t enance 

energy r equi remen t s  were used t o  crea t e  d ivergen t energy balances f o r  

t h e  purposes o f  compa r i ng t h e  selec t i on l ines . The me tabo l i c  

challenges chosen f o r  t h i s  s t udy were adrenaline , glucagon , i nsu li n ,  

glucose and a 7 2  hour f as t i ng period . 
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The a i m  o f  t h i s  s t udy was t o  examine the e f fect  o f  energy balance 

on responses t o  me tabolic  challenges in selec t i on l i nes of sheep 

d i f feri ng in p ropens i ty for lean grow t h .  Twenty- four Sou t hdown ram 

hogge t s  ( 12 each f rom the Massey Univers i ty h igh and l ow backf a t  

sele c t ion l ines ) were o f fered lucerne cha f f  at 0 . 7  or  1 . 2 t imes 

mai n tenance requi remen t in  a balanced factor ial des ign . The me tabo l i c  

challenges involved the admi n i s t rat i on o f  acu te i n t ravenous doses  o f  

adrenaline , insul i n ,  glucose and glucagon , and a 7 2  hour fas t .  P lasma 

concen t rat i ons o f  ho rmones and metabo l i tes  in response t o  t hese  

challenges were mon i t ored b y  serial  bl ood sampling. 

Relat i ve t o  t he 1 . 2  t imes mai n tenance feed i ng leve l , t he an i mals 

fed 0 . 7  t i mes mai n t enance had ; grea t e r  basal NEFA levels ; a grea t e r  
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l i po ly t i c  res ponse t o  the glucagon and adrenaline challenges ; lower 

basal concent ra t i ons o f  glucose and insul i n ;  a lowe r glucose  

c learance rate  i n  response t o  the glucose and insu l i n  challenges ; and 

h ighe r  p lasma crea t i n i ne bu t lower urea levels dur ing the fas t . 

The low backfat selec t ion l i ne rams had a grea t e r  reduc t i on i n  

plas ma glucose concen t ra t ion in  response t o  the insulin  chal lenge and 

a grea t e r  level o f  soma t o t ro pin  during 

wi th  the h igh backfat an imals . 

the 

Higher 

fas t i ng 

basal 

per i od 

levels 

concent ra t i ons were also found in  t he low backf a t  rams . 

compared 

o f  T 3 

I t  i s  

concluded that me tabol i c  d i f fe rences be tween the two l i ne s  are n o t  

markedly inf luenced by energy balance . 

I n t roduc t ion 

Gene t i c  mer i t for lean mea t produc t i on may be p red i c t ed f rom 

es t i ma t es o f  body compos i t i on ( Hedr i ck 1983 ) .  Selec t ion o f  an i mals on 

the bas i s  o f  we igh t -corre c t ed backfat measuremen t s  has been used t o  

achieve gene t i c  i mp rovemen t in  lean growth ( Beatson 1987 ) .  However ,  

supe r i or markers o f  gene t i c  mer i t  for lean grow t h  are b e i ng sough t 

whi ch may overcome the problems o f  low accuracy and/ o r  high as soc i a t ed 

cos t s  w i t h  curren t ly ava i l able markers . 

Physi olog i cal  d i f ferences be tween l i nes o f  animals selec t ed on the 

bas i s  o f  body compos i t i on have been examined in  an a t t emp t t o  i d en t i fy 

me t abo l i c  charac ter i s t i cs as soci at ed w i t h  lean body grow t h . Such 

phys i o logi cal markers could po t e n t ially reduce e r rors  of pred i c t ion , 

s o  allow i ng ear l i e r  selec t i on o f  breed i ng s t ock and increas i ng t he 

r a t e  o f  gene t i c  gai n . 
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Several phys i ologi cal d i f ferences between sele c t i on l ines o f  

animals have been f ound . Higher levels of  soma t o t ro p i n  have been 

found in  l i nes of p i gs sele c t ed for  lean growth when compared wi th  t he 

fat  selec t i on lines ( A l t hen e t  al . 1 9 7 6 ; �angsness e t  al . 1 9 7 7 ) .  

Plasma urea concen t ra t i on has also been observed t o  d i f fe r  be tween 

selec t i on - l i nes . Lower leve ls of  urea have been found i n  lean vs f a t  

lines o f  p igs ( Mermann 

( Ca r t e r  e t  al . 1 989 ; Van 

e t  al . 

Maanen 

1984) and low vs h igh backf a t  sheep 

et  al . 1989 ) . The assoc i a t ion  

be tween lower urea levels and increased produc t ivi ty has also  been 

f ound in  dai ry cows selec ted for h igh vs low milk yi eld ( Sej r s en e t  

al . 1 984 ;  S i nne t -Smi th e t  al . 1 987 ) and i n  Romney sheep selece ted  for  

h igh v s  lo w  fleece weigh t ( McCu t cheon e t  al . 1987 ; Clark et  al . 

1 9 89 ) . 

S t udies i n  humans ( Bergman e t  al . 1 9 8 1 ) ,  p igs ( �angsness e t  al . 

1 9 7 7 ) ,  cat t le ( McCann e t  al . 1986 ) and sheep ( McNiven 1984 ;  Munro e t  

a l . 1 984) have demons t ra t ed that obese individuals o r  l i n e s  have 

h i gher basal concen t ra t ions of  glucos e  and/or i nsul i n , reduced 

p e r i pheral sens i t i v i ty t o  insulin and , in  some cases , i n c reased 

pancrea t i c  sens i t i v i ty t o  glucose . 

Exogenous adrenaline has been shown t o  provoke a grea t e r  l i po ly t i c  

response i n  lean sele c t i on lines o f  p igs t han i n  con t emporary f a t  

l ines ( St andal e t  al . 1 97 3 ,  1 9 7 9 ; Mersmann e t  al . 1985 ; Brocklen e t  

a l . 1986 ) . An increase i n  l i poly t i c  response to  exogenous glucagon , 

b u t  no t t o  exogenous adrenal ine , has been found i n  a low back f a t  l i ne 

o f  sheep compared wi th  h igh backfat ani mals ( Carter  e t  al . 1 9 89 ) . 
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Such d i f f erences be tween selec t i on l ines i nd i ca t e  t h a t  basal 

concen t ra t i ons o f  hormones and metabo l i tes may be gene t i cally 

correla t ed w i t h  compos i t ion o f  grow t h . Di f ferences in t i s s ue 

respons iveness  t o  homeos ta t i c  fac tors  may also ind i ca t e  d i f f erences i n  

t h e  dynamics  o f  nu t r ient  par t i t ioning t o  ei ther lean o r  f a t  t i ssue 

( Bauman and Cur r i e  1 980 ) . Car ter  et al . ( 1 98 9 )  used metabo l i c  

challenges o f  i n t ravenous hormones and me taboli t e s , and fas t i ng , t o  

compare res ponse d i f ferences in  sheep from two sele c t ion l i ne s . They 

found d i f f erences in res pons iveness to glucagon and glucose chal lenges 

whi ch may represent po t en t i al pred i c t ors of gene t i c  mer i t .  

Many o f  the responses wh i ch have been measured i n  s tudies  o f  lean 

and f a t  selec t i on l i nes are known o r  expec ted t o  be s t rongly 

i n f luenced by energy balance . Thus the poss i bi l i ty exi s t s tha t 

d i f fe rences between the lines depends on the energy s t a tus o f  an imals 

b e i ng s t udied . 

t he e f fec t s  

The obj e c t ive of  t h i s  s t udy was there fore 

o f  energy balance on differences i n  

t o  examine 

me t abo l i c  

charac t er i s t i cs be tween the Massey Univers i ty high and low backfat 

selec t i on l ines o f  Sou t hdown sheep . 

Ma t e r i als and Me thods 

1 .  An i mals 

Twenty-four Sou t hdown ram hogge ts , 12 each from the Massey 

Unive rsity High ( H )  and Low ( L )  Backfat  s e le c t ion lines , were u s ed in 

t his s tudy . The lines o rigina ted from a selec t ion experime n t  which 

s ta r t ed in 1 9 7 6  and i nvolved approx i ma t e ly 50 commer c i a l  Sou thdown 
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ewes p e r  l ine . These ewes were al loca t ed to  l ines , and replaceme n t s  

have subsequen t ly been selec ted , o n  t he bas i s  o f  we igh t - correc t ed 

backfa t dep t h  ( Purchas e t  al . 198 1 ; Purchas e t  al . 1 9 8 2 ) measured 

u s i ng an u l t rasound backfat  probe as described by Gooden et  al . 

( 1 982 ) . The selec t i on l ines now comprise  abou t 80 mi xed-age ewes per  

l i ne and each year 18  mon t h-old rams (2  per l i n e )  are selec t ed for  

ma t ing . 

The rams i n  t h i s  s t udy were chosen from t hose 1 985-born an imals 

whi ch ,  prior t o  t he s ta r t  o f  the s t udy , were grea t e r  than 25  kg 

l i vewe i gh t  and had at leas t 1 mm of backfat ( as measured by the  

ul t rason i c  probe ) . They were approximat ely 6 mon ths  o f  age a t  the 

c ommencement o f  the s t udy and equally represen t ed the two selec t i on 

l i nes as well as the two s i res wi thin  each line . 

The an imals were housed in  me tabolism  crates and were secured w i th  

cha i ned hal t e rs . 

equ i valent t o  e i ther 

They 

0 . 7  

were 

or 

fed chaf fed lucerne hay at r a t e s  

1 . 2  t i mes the i r  ma i n t enance energy 

requi remen t in a fac t o r i al arrangemen t wi t h  selec t ion l i ne ( see 

Append i x  I ) . An imals were fed once dai ly a t  1 700 h and f resh wa t e r  

was avai lable ad l i b i t um . The individual feed al lowances were 

calculat ed f rom exper imen t ally-derived requi remen t s  f o r  lambs 

( Ra t t ray , 1986 ) . De tails  of the cal cula t i ons are in  Append i x  I I . The 

dai ly mai n t enance feed requi remen t for a ram lamb was assumed t o  be 

0 . 7  MJME/ kg l i vewe igh t 0 · 7 5  ( Ra t t ray , 1 986 ) . The lucerne hay had a d ry 

mat t e r  ( DM )  con tent  o f  88 . 4% and was assumed t o  have a me t aboli sable 

energy con tent  o f  9 . 5  MJ / kg DM ( Holmes and �ilson , 1 984) . Crude 

pro t e i n  cont en t  of  the feed was 21 . 7% on a DM bas i s . The feed 
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allowance f o r  each ani mal was weighed out  dai ly o n  elec t roni c  s cales . 

On a l t erna t e  days , 2 g o f  a mi neral supplemen t ( 59% s o d i um chlor ide , 

3 7 %  sodium sulpha t e  and 4% sodium molybda t e )  was added t o  the lucerne 

hay to coun t e ra c t  poss i b le copper tox i c i ty . 

2 .  Exper i me ntal Procedure 

To ass i s t  i n  the running of the t r ial the an imals were divi ded i n t o  

two blocks o f  1 2  animals balanced f o r  line and s i re ( see  Append i x  I ) . 

These blocks were run 10  days apar t .  

( a )  Prot ocol 

The following pro tocol ou t l i nes the sequence o f  even t s  for  each 

block o f  animals for the durat i on of the expe r i men t . 



Table 2 . 1  Pro t ocol o f  even t s  

DAY 

1 

1 - 3  

4-10 

1 1 - 21  

2 2 - 23 

2 4-25 

26-28 

2 9  

3 0  

3 1  

3 2  

3 3-35 

3 6  

3 8  

3 8  

PROTOCOL 

Rams i n t o  me tabo l i sm crates  and fas t ed we igh t taken 

Fed 1 700h (ma i n t enance level ) 

Fed 1 7 00h ( 0 . 7  or  1 . 2  mai n t enance ) 

Balance per i od 

Fed 4 hourly and cannulated 

24h blood sampl i ng and fed 2 hour ly 1 700h-1 7 00h 

Fed once dai ly at 1700h 

Adrenaline challenge 

Insul i n  chal lenge 

Glucagon chal lenge 

Glucose chal lenge 

Fas t ed f rom 0800h on day 33  

Re feeding and removal o f  cannulae 

�eighed and backfat depth  measured 

Re t u rned to  pas ture 

38  

Upon e n t e r i ng t he indoor enclosure the  rams were fas ted for  24 hours 

a f t e r  whi ch they were we ighed and alloca t ed a dai ly ma i n t enance 

ra t i o n .  A f t er day three t hey were t hen put  on t o  e i ther the  0 . 7  or  1 . 2  

t i mes mai n t enance  r a t i on and allowed 7 days i n  wh i ch t o  adj us t .  
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A s  p a r t  o f  ano ther  s tudy ( B remmers e t  al . 1988 ) ( Append i x  I I I ) , t h e  

animals underwen t an energy and ni t rogen balance per iod and then a 

d i urnal s t udy involving 2 hourly blood samples over 24 hou r s . Th i s  

was followed by the challenge and fas t i ng periods o f  the current  

s t udy . 

The balance period entai led a 10-day collec t i on o f  u r ine and 

faeces , from day 11 to day 21 , to s t udy the energy and n i t rogen s t a tus 

of  the animals . The rams were then given t hree days ( 2 2 t o  24)  t o  

adj us t t o  4 hourly feed ing in  prepara t i on for t he two hourly feed i ng 

necessary dur ing the 24 hours o f  blood sampl i ng beginning on  day 25 . 

Du r i ng these three days o f  adj us tmen t , j ugular cannulae were inse r t ed . 

Du ring days 25 t o  2 6 ,  the an i mals were fed a f t e r  each 2 hourly blood 

sample , t he i r  dai ly ra t i on being divi ded i n t o  12 equal por t i ons . Th i s  

was then followed by an adj us tmen t back t o  once dai ly feed ing f rom 

days 2 6  t o  28 . 

The four ho rmone and me tabo l i t e  challenges were admini s t e red over 

the next  four days ( 29 t o  32 ) and the accompany ing blood samp les were 

t aken . The rams were t hen fas t ed for 72 hours , from day 33  un t i l  day 

35 , wi t h  two blood samples being taken each day . Fol lowing r e f eed i ng 

and the removal o f  the cannulae on day 3 6 ,  the rams were kep t  ins i d e  

for  observat ion for  a fur ther 2 days dur i ng wh i ch t ime a 24 hour 

fas ted weigh t  was t aken , backfa t depth measured and animals were 

r e turned t o  pas ture on day 38 . 
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( b )  Cannulat i on 

Jugular cannulae were inser ted to fac i l i t a t e  sampl i ng blood and 

infus i on of challenges . To i n t roduce the cannulae t he rams were 

res t rai ned in  a small head bai l and t i ed so  as t o  i mmobi l i se and 

ext end the head , expos ing one s i de of the neck . The area over t he 

j ugular vein  was cli pped , washed wi th  a d i lu t e  s o lu t i on o f  

d i s i n f e c t an t  ( Savlon , ICI Tasman , Ue ll ington , NZ ) and swabbed wi t h  7 0% 

e t hano l . A local anaes t he t i c  ( Xylocaine spray ,  1 0% lignocaine , ASTRA 

Pharmaceu t i cals PTY L td . , N .  Ryd e ,  NSU ,  Aus t ralia)  was a p p l i ed t o  the 

a rea and allowed several minutes t o  a c t . The vein was then occluded 

and a 1 4G Argyle Med i cu t  "T '' Sleeve ( Sherwood Med i cal , St  Lou i s , Mo . ,  

Uni t ed S t ates ) passed down th rough the skin i n t o  the ve i n  un t i l  the  

blood f lowed f reely . The needle was removed leavi ng the s leeve i n  the 

ve in , and a cannula ( medi cal grade po lye thylene tube ; i . d .  1 . 0mm , 

o . d .  1 . 5mm ; Dural Plas t i cs and Engineer ing , N . S . U . , Aus t ra l i a )  

passed through t h e  s leeve and 6 c m  i n t o  t h e  vein . A small quan t i ty o f  

blood was d rawn from the cannula t o  ensure that i t  lay i n s i de the 

ve i n .  The s leeve was wi t hdrawn and a sho r t  leng t h  of  t ape ( Sleek 

plas t i c  adhe s i ve s t rapping no . 7045 , Sm i t h and Nephew , Auckland , NZ)  

was wrapped around the base o f  the cannula . A s i ngle li nen su ture  was 

placed in the ski n , 1 cm above the po i n t  of en t ry of the  cannul a ,  

us i ng a 1 6G needle ( N i pro , Japan ) . T h i s  was t ied o f f  around the 

cannula , b i t ing into  the tape t o  prevent  s l i pping .  An t i b i o t i c  powder 

( Au reomy c i n  2% , Cyanamid , Auckland , NZ ) was applied to  t he s i te and 

the cannula bandaged ( Elas t oplas t elas t i c  adhesive bandage no . 1004 , 

Smi th  and Nephew , Auckland , NZ ) to  the neck so as t o  emerge beh i nd t he 

head . An elas t i c  mesh ( Sys t ene t ,  s i ze C ,  I n terna t i onal Surgi cal 
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Ne t t i ng S. P. A. , Moncal i e r i , I taly ) was t hen used to cover t he 

d res s i ng. I n t ramuscular an t i b i o t i c  ( Sml/day , S t reptopen lo t ,  3 1 2 620 , 

G laxo , NZ ) was admi n i s tered and rectal  t emperatures mon i t ored d a i ly.  

No elevated rec t al t emperatures were observed duri ng t he exper imen t .  

Patency o f  t h e  cannulae was main t a i ned by ensur ing t h a t  t hey were 

regularly flushed wi t h  heparini sed sal i ne ( 0. 9% NaCl , T raveno l  

Laboratories  NZ L t d. , Auckland , NZ ; 100IU/ml sod ium hepa r i n  1 6 1 IU/mg , 

b a t ch 128B , Wendal Pharmaceut i cals L t d , London ; 0. 04m l / 1 00ml 

oxy t e t racycl ine , Terramyc i n  LA , P f i ze r  Labora t ories , Auckland , NZ ) .  

( c )  Challenge pe r i od 

Four i n t ravenous challenges ( adrenal ine , insulin , glucagon and 

glucos e )  were admini s t ered over 4 consecut i ve days. The dose  r a t e s  

and concen t ra t i ons o f  the chal lenge solu t i ons a r e  shown i n  Tabl e  2 . 2.  
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Table 2 . 2 .  

challenges . 

Dose rates and concen t ra t i ons of  the four i n t ravenous 

Challenge 

Adrenal inea 

Insulinb 

Glucagonc 

Glucosed 

Dose Ra te ( /kg livewe i gh t )  

l . Oug 

O . Olg 

0 . 175ug 

0 . 1 7g 

a M cGaw E t h i cals L t d ,  Auckland , NZ . 

Concen t ra t i on  ( /ml ) 

7 . 0ug 

0 . 07g 

1 . 5ug 

0 . 4g 

b Lo t 1 2 1 c- 1 350 , Ca t .  No . 15500 , 26 . 4  I U/mg , S i gma Chemi cal Co . ,  

S t . Lou i s , Mo . ,  USA . 

c Lo t 735094,  S i gma Chemi cal Co . , S t .  Loui s ,  Mo . , USA . 

d Dex t rose 40% , NDA An imal Remed ies , Auckland , NZ . 

The ad renal ine challenge was prepared on the morning o f  use . S tock  

adrenal i ne ( lug/ ml )  was d i lu t ed t o  the appro p r i a t e  concen t ra t i on w i t h  

sal i ne in  a dark bo t t le and t rans ferred t o  individual syri nges covered 

wi t h  foil t o  exclude l i gh t . 

The insul i n  and glucagon challenges were b o t h  prepared as  f o l l ows . 

The hormone was we i ghed out  ( Cahn Model 4600 E l e c t robalance , 
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Cahn/Ven t ron Corp . , Paramoun t ,  Ca . , USA . ) and d i ssolved i n  B SA 

solu t i on ( bovine serum album i n ,  0 . 015g/ml saline , Sigma Chem i cal Co . ,  

S t . Loui s ,  Mo . , Uni t ed S t a t es ) . Solu t i ons were t hen d rawn i n t o  

syri nges and frozen wi th  an ai rspace un t i l  being t hawed o n  t h e  morning 

o f  the challenge . 

The glucose challenge was prepared by drawing 

und i lu ted , i n t o  syringes on the day requi red . 

the  glucos e , 

To ass i s t  i n  t he managemen t  of blood samp l i ng ,  the  2 blocks o f  1 2  

rams were fur the r  d i v ided i n t o  3 groups o f  4 rams ( balanced for  l i ne 

and s i re ,  see Append i x  I ) .  The and admini s t ra t ion o f  chal lenges t o  

these 3 groups was as i s  shown i n  the following table . 

Table 2 . 3 .  Challenge t i mes for the th ree groups of  four rams 

per block . 

Group 

1 

2 

3 

a 

S t a r t  Time 

(T=-30mi n . )  

0930 h 

1 200 h 

1 430 h 

Chal lenge T i me 

( T=Omin . )  

1000 h 

1230 h 

1500 h 

End T i mea 

(T=+120min . )  

1 200 h 

1 430 h 

1 700 h 

End t ime f o r  i nsulin  challenge i s  1 hour later  ( T=+180mi n . ) 
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Each challenge invo lved 4 pre-challenge b lood samples  and 1 2  

pos t -challenge samples . The t i mes for  these blood samples are 

presen t ed i n  Table 2 . 4 . 

Challenge solu t i ons were adm i n i s tered a t  t ime zero and were 

followed immed i a t e ly by 6ml of sal ine . Blood samples ( 6ml ) were t aken 

at the t i mes shown in  Table 2 . 4 . The cannulae were t hen cleared wi t h  

saline . The presence of t h i s  sal i ne in  t h e  cannula neces s i t a t ed t h e  

d i s card i ng o f  t h e  f i r s t  lml 

sample . Blood samples were 

of  blood prior to t ak i ng each blood 

imme d i a t ely t rans ferred i n t o  chi lled 

cen t r i fuge tubes con taining sod i um c i t ra t e  ( 3 . 5mg/ml o f  blood ) as the 

an t i coagulan t . Plasma was separa ted by cen t r i fuga t ion at  2600 g and 

4° C for 20  minutes . The plasma was t hen p i p e t ted i n t o  dup l i c a t e  vials  

and s t o red f rozen a t  - l 2 ° C  un t i l  requ i red for  analys i s .  



Table 2 . 4  Blood sampl i ng t i mes ( m i nu t e s )  for  each challenge 

Challenge 

Adrenal ine Insulin  Glucagon Glucose 

-30 -30 -30 -30 

- 1 5  - 15  - 1 5  - 1 5  

- 5  -5 -5 - 5  

- 2  -2 -2 -2  

Chal lenges admi n i s t ered at t ime=O 

2 2 . 5  2 . 5  2 . 5  

4 5 5 5 

6 7 . 5 7 . 5 7 . 5  

8 10 10 1 0  

10  15 15 1 5  

1 5  20 20 20 

20 30 30 30 

30 45 45 45 

45 60 60 60 

60 90 75 75 

90 120 90 90 

120 180 120 120 

45 
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( d )  Fas t ing Per iod 

The rams underwen t 3 days of  fas t i ng , begi nning w i t h  the removal o f  

feed a t  0800 h o n  day 33 . Blood samples were taken t w i ce dai ly a t  

0800 h and 2000 h and were processed i n  the same manner a s  t hose  

samples f rom the  challenge period . The animals we re re fed a t  0800 h 

on day 36  a f ter  the f inal b lood sample was t aken . Refeed i ng was 

carr i ed ou t gradual ly to avo i d  animals gorging themselves . 

3 .  De t e rminat ion o f  P lasma Hormone and Metabo l i t e  Concen t ra t ions 

Samples  f rom all  four chal lenges were assayed for glucose 

c oncen t ra t i on and all  but the glucose challenge were assayed for  NEFA 

concen t r a t i on .  Insul in conce n t ra t i on was assayed only i n  samples  f rom 

the glucose challenge . The samples taken duri ng the fas t i ng per i od 

were analysed for  glucose NEFA , insul i n , soma t o t ro p i n , urea and 

c rea t i n i ne . 

( a )  Glucose 

Plasma g lucose concen t ra t i ons were d e termi ned us i ng a YSI Model 27  

i ndus t rial  analyzer ( Ye l low Spr ings Ins t rument  Co . ,  Colorado , USA) . 

Thi s me t hod uses an e l e c t rode sens i t i ve t o  hydrogen peroxide wh i ch i s  

p roduced by the enzyma t i cally  catalysed oxida t ion o f  glucose . P lasma 

samples  ( lOOu l )  are i nj e cte d  i n t o  a chamber where t hey are d i lu t ed 

w i t h  buffer  and al lowed to  d i f fuse through a polycarbonat e  membrane i n  

wh i ch t h e  b ound glucose oxi dase enzyme i s  loca ted  and where  the  
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oxida t i on reac t i on t akes place . 

The ins t rumen t was cal ibrated us i ng seven glucose s t andards a t  

concen t rat i ons o f  0 , 2 5 , 50 , 7 5 , 100 , 150 and 200 mg/dl . Repea t ab i l i ty o f  

read i ngs was checked by dupl i ca t e  analys i s  o f  the s t andards a f t e r  

every f ive samples . The coe f f i c i en t  of  var i a t i on ( CV )  be tween 

dupl i c a t e  read i ngs o f  the s t andards and samples was less t han 1 % .  The 

i n ter-assay CV was 5% . 

( b )  Non-es t e r i f i ed fa t ty acids  ( NEFA) 

Plasma NEFA concen t ra t i ons were d e t e rmined us i ng an enzyma t i c  

colou r i me t r i c  me t hod ( NEFA-C ki t ,  Wako Pure Chemi cal Indus t r i e s  L t d . , 

Osaka , Japan ) . Th is sys t em is  based on en zyma t i c  ac t iva t i on o f  NEFAs 

to Coenzyme A es ters , wh i ch are t hen ox i d i sed to produce hyd rogen 

peroxide . The presence of peroxidase and hydrogen perox i d e  al lows 

condensa t i on o f  3-me thyl-N- e t hyl-N-B-hyd roxye t hyl-anal ine wi t h  

4-amino-an t i py r ine to  form a purple complex , the op t i cal dens i ty o f  

whi ch i s  measured a t  550 nm . The s t andards are p rov i ded as olei c 

acid . The assay me thodology was mod i f i ed accord ing t o  the p r ocedure 

o f  McCu t cheon et al . ( 1 98 6 ) , al lowing a reduc t i on of samp le and 

reagent  volume , thus reducing assay cos t .  Assay accuracy was n o t  

a f fec t ed by t h i s  mod i f i ca t i on .  I n t ra-as say and i n t er-as say 

c oe f f i c i en t s  o f  varia t i on were 3% and 1 0% respe c t ively . 
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( c )  Urea and c reat inine 

Plasma urea and crea t i n i ne concen t ra t i ons were d e t ermi ned by an 

au toma ted me thod based on the Jaffe  Reac t i on . The p lasma samples are 

d i alyzed and d i v i ded for  the two me tabol i t es to be assayed . From the 

u rea subsample a complex be tween d i ace tyl monoxine and urea i s  

p roduced and t h i osemi carbaz ide and ferri c  i ons are then used t o  a l t e r  

and i n tens i fy t h e  colour of  the complex f o r  read i ng .  ( Marsh e t  al . 

1 9 65 ) . The reac t i ons used to  genera t e  the colour o f  the crea t i n i ne 

s ubsample are descri bed by Chasson e t  al . ( 1961 ) .  I n t ra-assay and 

i n t er-assay coe f f i c i e n t s  of var i a t i on were 2% and 7% respe c t ive ly for  

each me tabol i t e .  

( d )  Insul i n  and somato t ropin  

Insul in and soma t a t ropin  were assayed u s i ng s t andard 

double-an t i body compe t i t i ve binding rad i o immunoassays . The assay 

me thodology was descri bed by Flux e t  al . ( 1984 ) . Informa t i on on t he 

source o f  the hormone used for  s t andards and t race , t he l i near range 

o f  the assay ( log-log i t  t rans fo rmed d a t a ) , and the i n t ra-as say and 

i n t e r-assay coe f f i c ients  of var iat i on is presen ted in  Table 2 . 5 .  



Table 2. 5 Source o f  hormones and as say parame t ers for  t he 

measuremen t o f  insulin and soma t o tropin concen t rations.  

Ho rmone Source As say Parame t e rs 

Int ra- I n t e r-

Assay S t andards Trace 

Linear 

Range As say CV Assay CV 

Insu lin Bovine I -5500 Bovine I -5500 100- 1 2800 8. 2 12 . 4  

Lo t 5 5 f -0536a Lo t 55 f-0536a  pg/ml 

23. 4 IU/mg 

Soma t o- Bovine-GH-B1 

t ropin 

Bovine-GH-I 1 2-64 ng/ml 8. 6 

( AFP 6500b ) 

a Sigma Chemical Co . ,  S t  Louis , Mo. , USA. 

b USDA , Reproduction Labora tory , Bel tsvil le , Md. , USA. 

( e )  Thyroid hormones 

1 3. 2 
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Blood plasma samples f rom the 24 hour collec t ion s t udy were 

analysed for l evels o f  T3 and T 4 • The 12  two-hourly s amples f rom each 

animal were poo led in t o  4 sampl es , each covering three of t he original 

periods ( or 6 hours ) .  The pooled samples were then as sayed by 

radioimmunoassay using TKT35 ( fo r  T3 ) and TKT45 ( for  T 4 ) COAT-A-COUNTR 

diagnos tic kit s  ( Diagnos t ic Produc t s  Corporation , 5 7 00 Wes t S t ree t .  
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Los Angeles , Ca . 900045 ) .  These i nvolve soli d-phase 

rad i o i mmunoassays , bas ed on an t i body coa t ed t ubes and human s e rum 

cali bra t ors . The T 3 and T4 assay parame t ers are presen t ed i n  Table 

2 . 6 .  All samples for  each ho rmone were run in  one assay . 

Table 2 . 6 .  Assay parame t e rs for the measuremen t of  T3 and T4 

concen t rat i ons . 

L i near range 200-600 ng/dl 1 . 0-24 . 0  ug/d l  

B i nd i ng % 38 . 7  48 . 8  

I n t ra-as say CV 5 . 7  7 . 5  

4 .  Glucose to le rance t e s t  

Data aris ing f r o m  the glucose response t o  the glucose chal lenge 

were used to der ive the rela t ive d i sappearance cons tan t s  (K ) and the 
g 

t heore t i cal t ime ze ro glucose concen t ra t i on ( G0 ) .  Assuming that  the 

glucose load was ins t an t aneous ly d i s t r i bu ted into  one t he o re t i cal 

compar t men t , t he model G ( t l =G ( O l  . e ( - t K g ) was applied to the glucose 

r e s ponse data f rom 5 to  30 minutes f o llowing glucose inj ec t i on .  

G lucose d i s t r i bu t i on space as a percen tage o f  body weigh t  was then 

calculat ed from the G ( O ) concen t rat ion and glucose dose ra t e  accord ing 

to t he equa t i on :  

% Space Dose Rat e  ( g / kg )  x 100 

G ( O l ( mg/d l )  1 
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5 .  S t a t i s t i cal analys i s  

Dat a  a r i s i ng f rom a l l  sequen t ial blood sampling were subj e c t ed t o  

repeated measures analys i s  using a general i s ed l i near model compu t e r  

package ( REG ; 

leve l , block , 

i n t erac t i ons . 

Gi lmour 1985 ) to  tes t 

s i re-wi thin-l ine and 

Pos t challenge hormone 

ma in e f fec t s  ( l i ne ,  fee d i n g  

sampling t ime ) and t he i r  

and me tabol i t e concen t ra t i ons 

were corre c ted for  pre-challenge concen t ra t ions by sub t rac t i on of  t he 

mean conce n t ra t i on o f  the four pre-challenge samples . S t a t i s t i cal 

analys i s  ( repeated measures ) were appl i ed t o  the pre-challenge d a t a  

and pos t-challenge d a t a  ( bo t h  uncorrec ted and base l i ne-corre c t ed ) . 

O t he r  parame t ers , wh i ch d i d  no t involve sequen t ial  sampl i n g ,  were 

s ubj e c t ed to  analyses o f  var i ance to  test  for the s i gn i f i cance o f  t he 

main  e f fec t s . Block and s i re-wi thin-line e f f e c t s  were rarely 

s i gn i f i can t and have therefore generally no t been repor ted . 
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Resul t s  

1 .  L i veweigh t , l ivewe igh t  ga i n  and backfa t measuremen t s  

There were no d i f ferences i n  l i veweigh t  between l i ne s  o r  feeding 

leve ls a t  the s t art  o f  the exper i ment  ( Table 2 . 7 ) . Rams o f fered 0 . 7  

mai n t enance los t  an ave rage o f  1 . 65 kg liveweigh t  dur i ng the s t udy . 

High line  rams on the 1 . 2  ma i n t enance feed level gai ned an ave rage o f  

1 . 2  kg l i vewe igh t  whereas low l ine rams a t  a s i m i lar  al lowance 

mai n t a i ned the i r  bodywe igh t . 

A l t hough the two feed ing levels we re su f f i c i e n t  t o  induce 

d i f f erences i n  bodywe igh t change dur ing the exper i men t ,  they did no t 

a l t e r  backfat thi ckness . Thus the only fac tor t o  a f f e c t  backfa t 

thi ckness  at  the end of the experimen t was selec t i on l ine ( P<0 . 0 1 ,  

Tabl e  2 . 7 ) . S i re wi thin  l i ne had a marginal e f fec t on backfa t 

thi ckness ( P<0 . 1 0 )  but  no e f fe c t  on liveweigh t . 
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Table 2 . 7  Weigh t change and backfat  t h i ckness in h igh backfat  l i ne and 

low backfat  line Sou t hdown rams at  two feed i ng levels .  

High backfa t  line  Low backfat  line S i gn i f i canceb 

Var i able 

Weigh t ( kg ) c  32 . 7  

W t . c hange ( kg )  -1 . 7  

Backfat  ( mm ) d 2 . 3  

33 . 1  

1 . 2  

2 . 4  

0 . 7M 

32 . 2  

-1 . 6  

1 . 6  

1 . 2M 

33 . 1  

0 . 1  

1 . 6  

Pooled 

SE 

1 . 2  

0 . 5  

0 . 3  

a Feed i ng level , 0 . 7  mai n t enance v .  1 . 2  mai n t enance . 

L F 

*** 

** 

b Signi f i cance o f  l i ne ( L ) , feed i ng level ( F ) , e f fec t s  and t he i r  

i n t erac t i on ( LXF ) based on s i x  rams per cell . 

c A t  day 1 o f  the experi ment fol lowing a 24 hour fas t . 

ct A t  day 38 o f  t he experimen t .  

From : Bremmers e t  al . ( 1 988 ) . 

2 .  Challenge res ponses 

( a )  Adrenal ine challenge 

LXF 

Plasma concen t rat i ons of glucose and NEFA during the i n t ravenous 

ad renal i ne challenge ( lug/kg bodyweigh t )  are presen t ed in Figure 2 . 1 .  

P rechallenge glucose concen t ra t i ons were s table ( no s ign i f i can t t ime 

e f fec t s )  w i t h  levels in  animals fed 1 . 2  ma i n t enance b e i ng 

s ign i f i can t ly ( P <O . Ol )  grea t e r  than those in  an imals on  0 . 7  

main tenance . Fo l lowing the chal lenge , plasma glucose levels i n c reased 

rap i d ly ,  peaking at 6 minutes pos t -challenge and then  d e c l i ned , 
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r e turning t o  basel i ne concen t ra t ions by 90 minutes . Pos t -challenge 

concen t ra t i ons , e i ther uncorre c t ed or corre c t ed for bas e l i n e , were n o t  

s i gn i f i can t ly i n f luenced by line , feed ing level or  t he i r  i n t e r ac t i on .  

Baseline NEFA concen t rat ions were s ign i f i can t ly ( P<0 . 01 )  grea t e r  i n  

an i mals o f fered 0 . 7  mai n t enance than i n  those of fered 1 . 2  ma i n tenance  

and the feed i ng level by t ime i n t e rac t i on was also s i gn i f i can t 

( P<O . OS ) . Pos t -challenge NEFA levels rose t o  peak a t  4 t o  8 minu t es 

and t hen dec l i ned t owards basel ine concen t ra t i on .  NEFA levels  du r i ng 

the pos t -challenge period were s i gn i f i can t ly ( P <O . OO l ) grea t e r  i n  the  

0 . 7  main t enance  feed i ng group compared wi t h  the 1 . 2  mai n t enance group 

for  bo th base l i ne-corre c t ed and uncorrected  data . Thi s  reflec ted a 

grea t e r  l i poly t i c  res ponse ( above baseline ) to  ad rena l i ne i n  sheep a t  

0 . 7 ma i n t enance . The 

s i gn i f i cant ( P<0 . 001 ) 

feed ing level by t i me i n t e rac t i on was 

dur ing the pos t - chal lenge p e r i od . Thus blood 

NEFA levels i n  both l i nes on the 0 . 7  ma i n tenance feed i ng leve l began 

to i nc rease aga in from 60 to 1 20 minu tes  compared to t he 1 . 2  

mai n t enance group whi ch remained at  abou t baseline NEFA concen t ra t i on .  

NEFA concen t ra t i ons were not  i n f luenced by sele c t i on l i ne a t  any 

per i od o f  the challenge . 
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Fig . 2 . 1  P lasma concen t ra t i ons o f  glucose ( upper pane l )  and 
non-e s t er i f i ed fa t ty acids (NEFA , lower panel ) in 1 2  h i gh back f a t  l i ne 
and 12 low backfat  l i ne Sou t hdown rams at 0 . 7 x mai n t enance feed i ng 
and 1 . 2  x mai n t enance f eed i ng during an i n t ravenous adrenal ine 
challenge ( 1 . 0ug/kg l i veweigh t admin i s t e red at  t i me z e ro ) . Ver t i cal 
bars deno t e  the pooled s t andard error . 

• H i gh backfat line , 0 . 7  M f eed level ( H  0 . 7 M )  
- - • - - High backfa t l ine , 1 .  2 M feed level ( H  1 .  2 M )  

Low backfat l ine , 0 . 7  M f eed level ( L  0 . 7 M )  
- _ ..,. _ - Low backfat l ine , 1 . 2  M f eed level ( L  1 . 2M )  
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( b )  Insul i n  challenge 

P lasma concen t r a t i ons of glucose and NEFA during the i n t ravenous 

i n s u l i n  chal lenge ( 0 . 01g/kg bodywe igh t ) are presen t ed in Figure 2 . 2 .  

P r echallenge glucose concen t ra t ions were s t able (no s igni f i can t t ime 

e f fec t )  and a s ign i f i can t ly ( P <0 . 01 )  greater  basel ine glucose 

concen t ra t ion was apparen t i n  those animals fed 1 . 2  main t enance 

compared wi t h  the group fed 0 . 7  ma i n t enance . The low backfat  

s e l e c t i on l ine tended ( P <0 . 1 0 )  to have a grea t e r  base l i ne glucose 

c oncen t ra t i on than the high backfa t an imals bu t di f ferences i n  glucose 

concen t ra t ion became non-sign i f ican t during the pos t-challenge per i od . 

Plasma glucose concen t rat i on decreased rapid ly i n  t he f i rs t 45 t o  60 

m i n u t e s  fol lowing the i n fus i on of  insul in and then i n creased t owards 

bas e l i ne values f rom 60 t o  180 minu t es . Pos t -chal lenge glucose was 

s i gn i f i can t ly ( P<0 . 001 ) lower in the 1 . 2  mai n tenance-fed an i mals t han 

in those on 0 . 7  mai n t enance , when correc t ed for prechal lenge levels , 

b u t  was nons ign i f i can t i n  t he uncorrec t ed da t a .  Th i s  

bas e l i ne-cor re c t ed d i f fe rence reflec t s  the grea t e r  sens i t i v i ty o f  the 

1 . 2  mai n t enance group to insulin compared wi t h  the 0 . 7  ma i n t enance 

group . The l i ne by t ime i n terac t i on was signi f i can t ( P<O . OS )  in 

pos t -chal lenge glucose concen t rat i ons , bo t h  correc t ed and uncorre c t ed 

f o r  prechallenge concen t ra t i ons . Th i s  l i ne by t i me rela t i onsh i p  can 

be s een in Figure 2 . 3 .  where glucose concen t ra t i ons of each selec t i on 

l i ne are plo t ted agains t t ime .  The correc t ed glucose response t o  

i n s u l i n  i n  the low backfat  line s t ayed depres sed  f o r  longer than 

glucose concen t ra t ion in the h i gh backfat  l i ne . 

The plasma NEFA res ponse t o  insulin i nvolved an i n i t ial decrease i n  



57  

NEFA concen t ra t i on ,  dur i ng 2 . 5 to  30 minutes pos t-challenge , in  

res ponse t o  endogenous glucagon secre t ion . This was then  followed by 

an i n crease in  NEFA concen t ra t i on peaking at be tween 60 and 1 2 0  

m inu tes  pos t -challenge before dropp ing t owards bas e l i ne level . Basal 

and pos t -challenge NEFA concen t ra t ions were s igni f i can t ly ( P<0 . 01 and 

P<O . OS )  grea t e r  in  the animals fed 0 . 7  mai n t enance t han those fed 1 . 2  

mai n t enance . Pos t-chal lenge d i f ferences in  NEFA concen t ra t i ons became 

non s i gn i f i can t when cor rec ted for prechallenge NEFA levels . The 

pos t -chal lenge feed ing 

( P <0 . 00 1 ) for both  the 

concen t ra t i ons . 

level by t ime i n t e rac t ion 

bas e l i ne-correc ted and 

was s ign i f i can t 

uncorre c t ed NEFA 



-
.:g 
C) 
E -
Q) 
en 
0 
0 
::J 
C) 
CO 
E 
en 
CO 

a.. 

-
E --
0" 
Q) 
::J -

� 
w 
z 
CO 
E 
en 
CO 

a.. 

58  

I 
r-------r--y--- .---.--------,.-�----------- .-------.--.---.--.-.----j 

900�----------------------------� 

800 J 
I 

700 � I 
6oo J 

500 � 
400 J 
300 J 
200 J 
1oo I 

-30 0 30 60 90 120 

Time (minutes) 

,150 180 

L 0.7M 
H O.?M 
L 1.2M 

H 1.2N1 

Fig . 2 . 2  Plasma concen t rat ions of glucose ( upper panel )  and 
non-es t e r i f i ed fat ty acids ( NEFA , lower panel )  in 12 h i gh back f a t  l ine  
and 1 2  low backfat l i ne Southdown rams a t  0 . 7  x ma i n t enance feedi ng 
and 1 . 2  x mai n t enance feed i ng during an i n t ravenous insulin  challenge 
( 0 . 01g/kg l i veweight admi n i s t e red at t ime zero) . Ver t i cal  bars deno t e  
the pooled s tandard error . 

• H i gh backfat  l i ne ,  0 . 7  M f eed level ( H  0 . 7 M )  
- - • - - H i gh backfa t l i ne ,  1 .  2 M f eed l evel ( H  1 .  2M ) 

Low backfa t l ine , 0 . 7  M feed level ( L  0 . 7M )  
_ _  .,. _ _  Low backfat l ine , 1 . 2  M feed level ( L  1 . 2M )  
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( c )  Glucose challenge 

Plasma concen t ra t i ons of glucose and insul i n  duri ng the i n t ravenous 

glucose challenge ( 0 . 1 7g/kg bodyweigh t )  are presen ted i n  Figure 2 . 4 .  

Plasma glucose rose t o  a maxi mum concen t ra t i on wi t h i n  the f i rs t  2 . 5  

minutes  pos t -challenge , re t u rning to  base l ine by 1 2 0  m i nu t es . 

Prechallenge and pos t - challenge ( unco r re c t ed or correc ted ) glucose 

concen t ra t i ons were no t  s ign i f i can t ly in fluenced by selec t i on l ine , 

feeding level o r  t h e i r  i n t erac t i on . The theore t i cal G ( O ) l eve l s , 

c learance rate  and d i s t r i bu t i on s pace values for the glucose response 

above baseline levels are presen ted in  Table 2 . 8 .  The K values for  g 

the 1 . 2  mai n t enance- fed an imals were s igni f i can tly ( P<0 . 00 1 ) grea t e r  

t han those o f  the 0 . 7  mai n tenance- fed an imals , ind i cat ing a more  rapid  

clearance o f  i n fused glucose in the well fed an i mals . 

concen t ra t i on above basel ine calculated for  Time=O 

d i f fer  between the se lec t i on lines or feed i ng levels . 

The glucose 

( G  ) d i d  n o t  ( 0 ) 



Table 2 . 8  Glucose tolerance t e s t  parame t e r s  af ter an i n t ravenous 

6 1  

glucose challenge ( 1 . 7g/kg liveweigh t )  i n  high backfa t l ine o r  low 

backfat l ine Southdown rams on 2 feed i ng l evels . 

H i gh backfat l i ne Low backfa t l i ne 

Pooled 

Var i able 0 . 7M 1 . 2M 

G ( O ) d ( mg/ d l ) 99 . 9  1 02 . 6  95 . 6  10 1 . 7  3 . 9  

K e (min- 1 ) -0 . 02 6  -0 . 040 g -0 . 025 -0 . 045 0 . 004 

Spacef ( % )  1 7 . 1  1 6 . 8  1 7 . 9  1 6 . 9  0 . 7  

a feed ing leve l , 0 . 7  ma i n t enance v .  1 . 2  ma i n tenance 

S i gn i f i canceb 

L F LXF 

*** 

b sign i f i cance o f  l i ne ( L ) , feeding level ( F ) , e f fe c t s  and t he i r  

i n terac t i on ( LXF)  based on s i x  rams per  cell 

c pooled s t andard error 

d Pos t - challenge glucose concen t rat ion ex t rapolated back t o  t i me=O 

e rate of glucose d i sappearence 

f glucose d i s t r i bu t i on space 

Base line i nsulin  concen t ra t i ons were sign i f i can t ly ( P<0 . 00 1 )  

greater i n  animals o f fered 1 . 2  mai n tenance than i n  those o f fered 0 . 7  

mai n t enance . The l i ne by feed i ng level interac t i on i n  bas e l i n e  

concen t ra t i ons was a l s o  s i gni f i can t ( P <0 . 05 ) .  H i gh back f a t  l i ne 

ani mals f ed 1 . 2  mai n tenance mai n t ained s ubs tan t ial ly grea t e r  plasma 

i nsul in levels  t han animals fed 0 . 7  mai n t enance . However in the l ow 

backfat  l ine , insulin  was dependen t on feeding leve l . Plasma i nsu l i n  
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levels rose rap i d ly i n  respons e t o  the glucose chal lenge and peaked at  

be tween 7 . 5  and 10  minutes  and then r e turned gradual ly t o  base l i ne 

values by 90 t o  120  minu t es . Pos t -challenge insu l i n  concen t ra t i ons 

were inf luenced ( P<O . OS )  by feed ing level bu t d i f f erences be came 

nons ign i f i can t when corrected for prechallenge insu l i n  concen t ra t i on . 

The pos t - challenge feed i ng level by t ime int erac t i on was also 

s ign i f i can t ( P<O . OS ) . 
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Fig .  2 . 4  Plasma concen t ra t i ons o f  glucose ( upper panel ) and i n su l i n  
( lower panel )  in  12  high backfat  l ine and 1 2  low backf a t  l i ne 
Sou t hdown rams at  0 . 7  x mai n t enance feed i ng and 1 . 2  x ma i n tenance 
feedi ng d u r i ng an i n t ravenous glucos e  challenge ( 0 . 1 7g/kg l i vewe i gh t  
admi n i s t e r ed a t  t i me zero ) . Ver t i cal bars deno te the pooled s tandard 
erro r . 

• H i gh backfat  l i ne , 0 . 7  M feed  level ( H  0 . 7M )  
- - • - - High back£ a t  l ine , 1 .  2 M feed level ( H  1 .  2 M )  

Low backfat l ine , 0 . 7  M feed level ( L  0 . 7 M )  
- - � - - Low back£ a t  line , 1 .  2 M feed level ( L  1 .  2 M )  
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( d )  Glucagon challenge 

P lasma concen t ra t i ons of glucose and NEFA during the i n t ravenous 

glucagon challenge ( 0 . 1 75ug/kg bodywe igh t ) are presen ted in Figure 

2 . 5 .  Base line glucose concen t ra t i ons were s t able ( no s i gn i f i can t t ime 

e f f ec t s )  and levels in  the an i mals o f fered 1 . 2  mai n t enance wer e  

s i gn i f i can tly ( P<0 . 01 )  grea t e r  than those in  rams o f fered 0 . 7  

ma i n t enance . The pos t -chall enge glucose levels rose rap i d ly , peaking 

at 7 . 5  minu t es and re turned t o  basel ine levels by 75 to 120 m i n u t e s . 

The pos t-chall enge glucose levels ( co r rec t ed for  baseline  

concen t ra t ion ) t ended ( P<0 . 1 )  t o  be higher for an i mals o f fered 0 . 7  

ma i n t enance than those o f f ered 1 . 2  mai n t enance . Glucose concen t ra t ion  

fol lowing the  glucagon challenge was no t s i gn i f i can t ly i n f luenced by  

s e le c t i on line o r  the  i n t erac t i on wi t h  feed i ng level . 

Basal NEFA concen t rat i ons were sign i f i can t ly ( P <0 . 01 )  grea t e r  i n  

the 0 . 7  ma i n t enance- fed animals than i n  t hose f e d  1 . 2  ma i n t enance . 

Pos t - challenge NEFA leve ls increased , reachi ng a maxi mum be tween 2 . 5  

and 1 0  minu tes  a f t e r  glucagon i n fus i on , d ropped below bas e l i ne level 

by 45  minutes  and t hen re turned t o  bas eline concen t rat i on by 7 5  

m inut es . Pos t - challenge NEFA levels in  t h e  group f e d  0 . 7  mai n t enance 

wer e  s ign i f i can t ly ( P<0 . 00 1 )  grea t e r  t han those fed a t  1 . 2  

mai n t enance . When pos t - challenge NEFA res ponse was corrected  f o r  

prechallenge NEFA concen t ra t i on ,  t h e  group fed 0 . 7  main t enance was 

s i gn i f i can t ly ( P<0 . 05 )  lowe r t han the 1 . 2  ma intenance group . The feed 

by t i me in terac t ion was s ign i f i can t ( P<O . OO l )  for  the pos t - challenge 

per i od , also reflect i ng the d i f fe rence be tween feedi ng leve ls  i n  

response t o  t h e  glucagon challenge . 
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Fig . 2 . 5  Plasma concen t ra t i ons of  glucose ( upper panel )  and 
non-es t e r i f i ed fa t ty a c i ds ( NEFA , lower panel ) in  12 h igh back f a t  l i ne 
and 1 2  low backfat  l ine Sout hdown rams at 0 . 7  x ma i n t enance feed i ng 
and 1 . 2  x mai n tenance f eed i ng duri ng an i n t ravenous glucagon chal l enge 
( 0 . 1 75ug/kg l i veweigh t admi n i s t ered at  t ime zero ) . Ver t i cal bars 
deno t e  the pooled s tandard e rror . 

• H i gh backfa t  l ine , 0 . 7  M feed level ( H  0 . 7 M )  
- - • - - H i gh backfa t line , 1 .  2 M feed level ( H  1 .  2 M ) 

Low backfat  l ine , 0 . 7  M feed level ( L  0 . 7M )  
- - .,. - - Low backfa t l i ne , 1 .  2 M feed level ( L  1 .  2 M ) 
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3 .  Fas t i ng responses 

The plasma concen t ra t ions of glucose , NEFA , i nsul i n ,  soma t o t ro p i n , 

urea and crea t inine , in  response to  t he 72  hour f as t , are presen ted i n  

Figure 2 . 6  t o  2 . 8 .  

Plasma glucose and insul i n  concen t ra t i on decreased i n  res ponse t o  

fas t i ng and reached cons tant levels by 4 8  hours . P lasma NEFA leve ls  

i ncreased o ve r  the f i r s t  4 8  hours o f  the fas t and remained a t  a 

maxi mum for the remain ing 24 hours . The fas t ing concen t ra t i ons o f  

glucose , insulin  and NEFA were no t s i gn i f i can t ly i n fluenced by l i ne , 

feed i ng level or  the i r  i n t e rac t i on . 

Fas t ing soma t o t ropin  leve ls were s ign i f i can t ly great e r  i n  the low 

backfat  l i ne ( P<O . OS )  and in  those an i mals t hat  were fed at 1 . 2  

mai n t enance ( P<0 . 01 ) . No in t erac t ions be tween line  and feed i ng level 

were apparen t for t he fas t i ng soma t o t ropin  response . 

Plasma urea concen t ra t ion decreased f rom 12  t o  7 2  hours  o f  the  

fas t i ng per i od . Ani mals o f fe red 1 . 2  ma i n t enance had  s ign i f i can t ly 

( P<0 . 01 )  grea t e r  p lasma urea levels than those of fered 0 . 7  ma i n t enance 

and the feed level by t i me i n t e rac t i on was also s i gn i f i can t ( P<0 . 00 1 ) 

r e f lec t i ng a convergence be tween the feed i ng levels as the fas t 

p roceeded . No line e f fe cts  were apparen t for  the plasma urea response 

to fas t ing . 

Rams o f fe red 0 . 7  main t enance had a s ign i f i can t ly ( P<0 . 01 )  grea t e r  

plasma crea t i n i ne l evel than t hose o f fered 1 . 2  mai n t enance . Thi s  
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resu l t  i s  cons i s tent  wi t h  t h e  grea ter  rate  o f  degrada t i on o f  mus cle  

pro t e in asso c i a t ed wi t h  chronic under feeding . 



6 8  

70 
,, 

- ,, 
,, 

.32 ,, 
C) 65 \\ 
E \\ 

\\ - ,, Q) \ (/) �� 0 
0 60 
:::l 
C) 
CO 
E ' 

_ _  .. _ 

/r_ _ _ - - - - -. L 1.2M 
(/) 55 ' ' CO 

a_ 

50 

1 800 

1600 
-

1400 --
cr 
Q) 1200 :::l -

lt 1000 
w 
z 800 
CO 
E 600 
(/) 
CO 400 

a_ 

200 

0 
0 12 

·- - \ / 
- �  / , ....,r 

/. 

\ ---
-

· - - - - - - -

...... - - - - ::::.l,. .... 

24 36 48 60 

Time (hours) 

L 0.7M 

H 0.7M 
H 1.2M 

L 0.7M 
L 1.2M 

,.,. ,.,... H 1.2M 
H 0.7M 

72 

Fig . 2 . 6  Plasma concen t ra t i ons of  glucose ( upper pan e l )  and 
non-es t e r i f i ed fat ty acids  ( NEFA , lower panel ) in 12 h i gh backfat  l i ne 
and 1 2  low backfat l ine Sou thdown rams ( previ ou s ly o f fered 0 . 7  x 
mai n t enance feed i ng and 1 . 2  x ma i n t enance feeding )  dur i ng a 7 2  hour 
fas t ( beginn i ng at t i me zero ) . Ver t i cal bars deno t e  the pooled 
s t andard error . 

• H i gh backfat l ine , 0 . 7  M feed level ( H  0 . 7M )  

- - • - - H igh backfat line , 1 . 2  M feed level ( H  1 . 2M )  
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Fig. 2 . 7  P lasma concen t ra t i ons o f  s oma t o t ropin  ( upper  panel )  and 
i ns u l i n  ( lower pane l )  in 1 2  h i gh backfat  l ine and 12 low backfat  l i ne 
Sou thdown rams ( previous ly o f fered 0 . 7 x ma intenance  feed i ng and 1 . 2  x 
mai n tenance feeding)  dur i ng a 72 hour fas t ( beginni ng a t  t i me z e ro ) . 
Ver t i cal  bars deno t e  the pool ed s tandard erro r .  

• H i gh backfat line , 0 . 7  M feed level ( H  0 . 7M ) 
- - • - - H i gh backfa t l i ne , 1 .  2 M feed level ( H 1 .  2 M )  

Low backfat l ine , 0 . 7  M feed level ( L  0 . 7 M )  
- - -. - - Low backfat l ine , 1 . 2  M feed level ( L  1 . 2M )  
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• H i gh backfat l i ne , 0 . 7  M feed level ( H  0 . 7M )  
- - • - - High backfa t l i ne , 1 .  2 M f eed level ( H  1 .  2 M )  

Low backfat  line , 0 . 7  M feed level ( L  0 . 7M )  
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4 .  Thyroid  Ho rmones 

The pooled plasma concen t rat i ons of T 3 and T4 f rom t he d iu rnal 

s tudy of B remmers et al . ( 1988 ) are presen t ed in F igure 2 . 9 .  Plasma 

T3 concen t ra t i on in  the low backfat  selec t ion l i ne group was 

s i gn i f i can t ly ( P<0 . 00 1 )  grea ter  t han in the high line  and t he l ine by 

t ime i n terac t i on was s ign i f i can t ( P <0 . 00 1 ) .  Plasma T 4 was no t 

a f fec ted by l i ne but  the line  by t i me interac t ion was again  

s i gn i f i can t ( P<0 . 01 ) .  
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Fig . 2 . 9  P lasma concen t ra t i ons o f  t r i i odo thy ronine ( T$ 3 , upper pane l )  
and thyroxi ne (T$4 , lower pan e l )  i n  1 2  h i gh backfat  l ine  and 1 2  l ow 
backfat l ine Sou t hdown rams fed every 2 hours a t  0 . 7  x mai n t e nance 
feeding and 1 . 2  x mai n tenance feed i ng dur i ng 24 hours ( begi nn i ng a t  
t i me zero ) . Samples were t he pooled over 6 hour per i od s . Ver t i cal  
ba rs  deno t e  t he pooled s t andard error . 

1 H i gh backfat l ine , 0 . 7  M feed level (H  0 . 7 M )  
- - • - - H i gh backfa t l ine , 1 .  2 M feed l evel ( H  1 .  2 M ) 

Low backfat l ine , 0 . 7  M feed  level ( L  0 . 7 M )  
- - .., - - Low backfat line , 1 .  2 M feed level ( L  1 .  2M ) 
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DI SCUSSION 

The d i vergent f eed ing levels used in  t h i s  s t udy were succes s fu l  i n  

c reat ing d i f ferences i n  physiologi cal responses t o  me t abo l i c  

challenges . Rams o n  t h e  0 . 7 ma int enance allowance had eleva t ed basal 

NEFA concen t ra t i ons and a grea ter  l i poly t i c  response to  the glucagon 

and adrenal ine challenges compared wi th  those on 1 . 2  mai n t enance . 

These d i f ferences i n  fat ty ac id  me tabol i sm are commonly f ound i n  

under fed an imals as fat  s t o res are mob i l i s ed and cataboli sed s o  as t o  

conserve limi ted glucose s t o res ( Ganong 1 98 1 ; Rule e t  al . 1 9 85 ) . 

Baseline ( prechallenge ) glucose and insulin concen t ra t i ons were 

grea t e r  in  rams on the 1 . 2  ma int enance feeding level as was also found 

i n  the same ani mals by Bremmers  et al . ( 1 988 ) . The ra t e  at wh i ch 

plasma glucose was cleared a f ter  the glucose challenge was grea t e r  i n  

t he rams fed t he 1 . 2  mai n t enance al lowance than in  those f e d  a t  0 . 7  

mai n t enance . In add i t i on , rams fed 1 . 2  t i mes mai n tenance cleared 

glucose more rap i d ly in  res ponse t o  exogenous insulin t han t hose  fed  

0 . 7  mai n tenance . The re  was , however , no d i f ference be tween feed i ng 

l eve ls in  insu l i n  re sponse to the glucose challenge . Th i s  would 

sugges t that a d i f fe rence exis t s  be tween the feedi ng levels i n  

sens i t ivi ty t o  c i rcul a t i ng insul i n  but  n o t  i n  pancrea t i c  sens i t i v i t y  

t o  blood glucose . The number and af f i n i ty o f  insulin rece p t ors  i n  

t i ssue i s  known t o  be influenced b y  t h e  level of  nu t r i t i on ( Ganong 

1 98 1 ) and this  may accoun t for the grea t e r  sens i t ivi ty to i nsul i n  o f  

t he well fed an i mals i n  t h i s  s tudy . 
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The fas t i ng chal lenge generated d i f fe rences be tween the feed i ng 

levels in  plasma concen t ra t i ons o f  urea and crea t i n i ne . Ani mals 

prev i ou s ly o f fered the 0 . 7  main t enance al lowance had lower urea and 

h igher creat inine levels than those animals o f fered 1 . 2  ma i n tenance . 

These d i f ferences appeared to  re f l e c t  

exi s t ed a t  t h e  beginn i ng of  the fas t .  

d i f ferences wh i ch already 

Thus the level of u rea in the  

t wo feeding level groups converged as the fas t proceeded , presumably 

due to d iges ta  b e i ng progress ively removed from the rumen of the h i gh 

feed i ng level animals . Crea t i nine levels were parallel i n  the t wo 

feed i ng level groups refle c t ing grea t e r  mus cle breakdown i n  t he 

animals whi ch had been on 0 . 7  t ime mai n t enance al lowance . 

The h i gh and low backfat selec t i on l ines used in  t h i s  s t udy 

d i splayed several phys i ological d i f ferences . The low backfat  animals 

had a grea ter  reduc t i on in plasma glucose levels i n  response to t he 

insu l i n  chal lenge . No be tween- l ine d i f f erences were apparen t i n  the 

insulin  res ponse t o  the glucose challenge or  i n  rate  of  glucose 

c learance fol lowing the glucose challenge . 

Thus be tween-l ine d i f ferences i n  glucose clearance were apparen t 

when exogenous i nsulin  was admin i s tered but  no t when endogenous 

insu l i n  was eleva ted in res ponse to a glucose load . Admin i s t r a t i on o f  

the g lucose challenge e leva ted ci rcula t i ng insulin t o  be tween 4 and 8 

ng/ml ( Figure 2 . 4 ) .  Land e t  al . ( 1 983 ) admi n i s t e red approxima t e ly 8 

ug/ kg insul in t o  calves ( i e .  0 . 2  uni t s/kg assuming insul i n  has 2 6  

uni t s / mg )  and f ound t hat  insul i n  levels  were elevated t o  1 10 ng/ml . 

Thus the dose o f  insu l i n  used in  the presen t s t udy ( 10 ug/ kg ) would 

l i kely have increased c i r cula t ing insu l i n  levels by a s im i lar amoun t 
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( i e .  1 4  t o  28 t imes t he peak i n  endogenous insulin produced by t he 

glucose challenge ) .  Thi s  sugge s t s  that  the be tween l i ne d i f ference  i n  

glucose c learance was evident  when pharmecologi cal doses of  i n s u l i n  

were used bu t no t when high phys iologi cal levels wer e  a t tained by t he 

glucse challenge . Car t e r  e t  al . ( 1 989 ) were unable to  f i nd any 

d i f fe rences between the Sout hd own sele c t i on l i nes in glucos e - i n s u l i n  

s t a tus o the r  than those accoun ted for  b y  d i f ferences in  t h e  glucose  

d i s t r i bu t i on space . Lord  et  al . ( 1 985 ) were  also  unable t o  f i nd any 

glucose-insulin  s t atus  d i f ferences be tween lines of Coopwo r t h  s heep 

s e l e c ted on the bas i s  o f  body compos i t i on . 

There were no line  d i f fe rences in the l i po ly t i c  response t o  th e  

glucagon challenge . Car t e r  e t  al . ( 1 9 8 9 )  found a grea t e r  NEFA 

res ponse to a glucagon chal lenge in the low back f a t  selec t i on l i ne 

an i mals . Grea t e r  l i po ly t i c  responses t o  adrenal ine challenges have 

been found in lean pig sele c t i on lines ( S tandal e t  al . 19 7 3 , 1 9 7 9 ; 

Mersmann 1 985 ; B ro cklen e t  al . 1 98 6 )  compared wi t h  pigs f rom f a t  

l i nes . No such d i f f erences in  l i po ly t i c  response to  adren a l i n e  

challenges have been found in the Sou thdown selec t i on l i nes . 

The low backfat  l ine rams had grea ter  fas t ing l evels o f  c i rcula t i ng 

soma t o t ro p in  compared wi th  the high backfat  l i ne . Car te r  e t  al . 

( 1 9 8 9 )  f ound s imi lar d i f ferences in soma t o t ropin  levels dur i ng a fas t 

and subsequen t refeed i ng period in  ram lambs from the same s e le c t i on 

l ines . The f inding o f  grea ter levels o f  soma t o t ropin  i n  t h e  low 

backf a t  s heep l ine i s  cons is tent  wi th  resul t s  showi ng h igher leve l s  o f  

s o ma to t ro p i n  i n  lean , fas t growing pig  s e le c t ion l ines compared w i t h  

con t empo rary fat , s low growing geno types ( R i ngberg Lund-Larsen e t  al . ,  

1 9 7 5 ;  Al then e t  al . ,  1 9 7 6 ; Yangsnes s  e t  al . 1 9 7 7 ) .  However a more  
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r ecen t exper i ment i nvolving the Sou thdown s heep selec t i on l i ne s  

carr i ed out  by Van Maanen e t  al . ( 1 98 9 )  fai led t o  de t e c t  any l ine 

d i f ferences i n  fas t i ng levels o f  soma t o t ro p i n .  There a r e  d i f f i cul t ie s  

i n  as sess i ng t h e  soma t o t ropin  s ta t us o f  an imals a s  the hormone i s  

s e c re t ed f r o m  t h e  p i tui tary gland in  pulses (Kl i ndt  e t  al . 1 9 85 ) . 

I n t en s i ve blood sampl i ng i s  requi red t o  mon i t o r  these pulses and the  

i n cons i s t en t  resul t s  found i n  the  Sou thdown l ines may ref lec t the use  

of  a n  inadequa t e  sampl ing pa t t ern .  

There were no di f ferences i n  fas t ing levels o f  urea be tween the  

s e lec t i on l ines . Th i s  cont ras ts  wi th  the lower fas t i ng urea levels  

previ ous ly f ound in  the low backfat  selec t i on line ( Ca r t e r  et  al . 

1 9 89 ; Van Maanen e t  al . 1 9 8 9 ) . 

Basal c i r cula t i ng T 3 conce n t ra t i on was grea ter  i n  t he low backfa t 

a nimals dur i ng the 24  hour basal s tudy . Lean selec t i on l i ne pigs have 

also d i splayed grea t e r  T3 concen t rat ions (Bakke and Tvei t ,  1 9 7 7 ; 

S t andal e t  al . 1980 ; Yen e t  al . 1 9 85 ) . These d i f fe rences i n  T 3 

levels may reflec t d i f ferences i n  mai n tenance requi remen t s  o f  the  

s e le c t i on l i nes used i n  these s t ud ies . The  s i m i lar i ty  be tween res u l t s  

f rom t h i s  s tudy and those from the pig selec t i on l i nes s ugges t s  t h a t  

t hyro i d  hormone s ta tus o f  t h e  Sou thdown sheep requ i res fu r th e r  

i nves t iga t i on . A s  a f i r s t  approach , s tudies  should examine more 

t horoughly the ci rcula t ing levels of  thyro i d  ho rmones and thyro i d  

hormone release i n  res ponse t o  a challenge o f  t hyro i d  s t i mula t i ng 

hormone ( TSH) or  t hyro t ro p in  releas i ng hormone (TRH ) . 
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I n  conclus i on t he d i ve rgen t feed ing levels  used i n  t h i s  s tudy were 

s u c c e s s ful in crea t i ng d i f fe rences in  phys i ological  responses t o  

me t abo l i c  challenges , b u t  n o  feed ing level by s e lec t i on 

d i f ferences were apparen t .  There may be d i f f erences in 

l i ne 

the 

ma i n t enance requi remen t s  o f  the selec t ion l ines and therefore in  

energy balance . Th is would complicate  the calcula t i on of  s t andard i sed 

cond i t i ons necessary for  the iden t i f i ca t ion of  p o t en t ial gene t i c 

markers . Wha t ever the reason for  i ncons i s tent  resul t s  from success i ve 

s t ud i es o f  t hese lines , t hey call i n t o  ques t ion the pos s i ble use o f  

me t abol i c  parame ters t o  pred i c t  gene t i c me ri t for  lean t i s sue grow t h .  
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CHAPTER Ill  

GENERAL DI SCUSSION 

In  t he  under fed or  fas t ed an imal me tabol i c  compensa t i on occurs in  an 

a t t e m p t  to main t a i n  essen t ial phys i o logical processes . Assoc i a t ed 

wi t h  underfeed i ng there i s  a drop in  the c i rcula t ing levels o f  

ca t echolamines and a reduc t i on i n  sympa t he t i c  nervous func t i on .  Basal 

me t abol i c  rate is  depressed and t h i s  is largely respon s i ble for  t he 

reduc t i on i n  t he rate  o f  weight loss seen a f ter  prolonged fas t i ng . 

Body s tores o f  nu t r i en t s  are mob i l i sed and there are changes in  the  

l ev els  o f  regula t i ng hormones and in  t i ssue sens i t ivi ty t o  these 

ho rmones . These changes ensure tha t the low p r i or i ty t i s sues ( eg .  

ad i po s e )  are deple ted f i rs t . Examples o f  compensa t o ry mechani sms have 

been seen in  the res ponses to underfeed ing and fas t i ng in  t h i s  

expe r i men t . Basal blood glucose and insul i n  levels were depressed i n  

t h e  0 . 7 ma i n tenance fed group reflect ing the lower amoun t o f  s t o red 

glucose and the a t tempt t o  mai ntain  blood glucose levels  respec t i vely . 

Glucose i s  s t o red i n  the form o f  glycogen in  the hepa t i c ,  and t o  a 

l e s s e r  exten t per i pheral , t i ssues o f  the body . Glycogen se rves only 

to ac t as a buffer between glucose supply f rom meals and demand as a 

subs t ra t e  for  me tabol i c  processes . Syn thes i s  o f  glycogen f rom glucose 

is s t i mulat ed by insul i n . I nsul in recep tor  numbers and af f i n i ty are  

n u t r i t i onally dependan t and t hus the under fed animals in  this  s t udy 

had a lower rate o f  glucose c learance in  response  to the insu l i n  

challenge . Mob i l i sat i on o f  glycogen is  s t i mula ted b y  glucagon , t h e  

level o f  whi ch decreases a s  carbohydra t e  s t ores a r e  reduced and f a t ty 

a c i ds and ke t ones become the maj o r  energy source . The low feedi ng 
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leve l groups also had eleva ted NEFA concen t ra t i ons r e f le c t i ng t h e  

inc reased mob i l i sat i on o f  s tored l i pids . F a t  s t ores a r e  mobi l i sed by 

B-ox i da t i on ,  r e leas i ng ace tyl-CoA wh ich  is conve r t ed i n t o  ke t ones by 

the l i ver . The ke tones t hen c i r culate t o  o t her t i s sues where t hey 

en t e r  the TCA cycle to  l i bera t e  energy . The rate  o f  l i polys is  i s  

increased by soma t o t rop i n , glucocor t i coids , t hyroid  hormones , glucagon 

and c a tacholamines via the ac t iva t ion of ho rmone-sens i t i ve l i pas e . 

The level o f  p lasma NEFA was elevated in res ponse t o  t he fas t ,  t he 

glucagon challenge and t o  the insulin challenge due t o  endogenous 

glucagon secre t ion . When s t ores of  fat become low i n  t he roni cally 

under fed an i mal , pro t e i n  is  cataboli sed . L i ve r ,  s pleen and muscle  

t i s sues are  the  f i rs t pro t e i n s t ores to  be  catabolised , ye i ld i ng ami no 

a c i d s  whi ch can en ter  glycogen i c  pathways . Blood crea t i n i ne levels 

i nd i ca t e  the rate o f  pro t e i n  degrada t i on and were grea t e r  i n  t he 

und e r fed animals . 

Desp i t e the many phys i olog i c al d i f ferences genera t ed by the two 

feed i ng levels  in t h i s  s tudy , no interac t i ons be tween energy balance 

and an i mal geno type were apparent . Gi ven wha t  is known abou t the 

phys i olog i cal  d i f ferences be tween o t her l ines of  an i mals selected  on 

the bas i s  o f  body compos i t ion , it  was expe c t ed tha t the Sou thdown 

s e lec t i on l i nes used in t h i s  s tudy would have s hown d i f ferences i n  

r e s ponse t o  me tabol i c  chal lenges and that  the magni tude o f  these  

d i f ferences migh t  have been influenced by level of  nu t r i t i on .  A 

p o s s i ble exp lanat i on for  the absence of  a geno type by energy allowance  

i n t erac t i on i s  that  the t rue mai n tenance requi remen t s  o f  the selec t ion  

l i nes may d i f fer  and the re f o re  that  the  calcula t ed f eed alloca t ions 

d i d  not resul t in  compari sons being made at equal energy balances . 
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M a i n te nance energy requi rement  is  the energy cos t o f  mai n t a i n i ng 

es s e n t ial body func t i ons and a cons tant body t emperat ure . I t  i s  o f ten  

measured using calo rime t ry by  mon i toring the basal me t abo l i c  ra t e  

( BMR ) of  the an i mal . BMR i s  a func t i on of  surface area t o  vo lume 

ra t i o and is related expone n t i ally to body weigh t . Thus an express i on 

o f  l i veweigh t  on a "me t abo l i c "  bas i s  i s  o f t en used t o  calcula t e  

mai n tenance energy requi remen t .  Liveweigh t  rai sed t o  the power o f  

0 . 7 5 has been derived emp i r i cally and i s  mos t  commonly used t o  

es t i ma t e  me tabo l i c  livewe igh t . However t h i s  exponen t has been found 

to vary cons iderably ( 0 . 4-0 . 85 )  between ani mals in s t udies o f  

me t abo l i c  e f f i c iency ( Baldwin e t  al . 1984 ) . Fur t hermore there i s  

evi dence wi t h  sheep and o t her spe c i es that  body compos i t i on a f fec t s  

mai n t enance requi remen t ,  due t o  the rela t i vely low me tabol i c  ac t iv i ty 

o f  ad i pose t i ssue ( Graham 1 9 6 7 ) .  Thus the ma i n t enance requi remen t o f  

a f a t  s heep may b e  lower t han that of  a lean sheep when compared a t  

t h e  same we igh t .  The measuremen t s  o f  u l t rasoni c  backfat d e p t h  i n  the  

sheep used i n  the presen t s t udy be came sign i f i can tly d i f ferent  by  the  

end o f  the t r i al . Hence ma i n t enance requi remen t o f  animals f rom the 

h igh backfat  selec t i on line  could have been lower t han that  o f  the  

l e an an imals dur ing the t r ial . 

I n  a review o f  s t udies  on nu t r i t i onal energe t i cs i n  ani mals , 

B aldwi n e t  al . ( 1 984 ) s howed s t rong pos i t ive correla t ions be tween BMR 

and a ll  relat ive weigh t s  of v i s ce ral organs and the gas t roin t e s t inal 

t rac t . The energy expend i ture of  these t i ssues appears t o  accoun t for  

a subs tan t ial  propo r t i on o f  t o tal ma i n tenance requi remen t s  and  i s  

mai nly related t o  t he syn thes i s  o f  pro t e i n  i n  t hese o rgan s . Yen e t  

a l . ( 1983 )  s howed by i nd i re c t  calorime t ry that  a f a t  sele c t i on l i ne  o f  
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pigs  had a lower BMR than a con t emporary lean selec t i on  l i ne . Lower 

rela t i ve we igh t s  o f  gu t and v i s ceral organs i n  the fat  p i gs wer e  

though t t o  explain this  d i f fe ren ce . In  expe r i men t s  w i th  rams d rawn 

from the Massey Univers i ty h i gh and low backfat  selec t i on l i nes the 

low backfat  an i mals cons is t en t ly showed higher v i s ceral organ weigh t s  

( Kad i m  e t  al . 1 9 89 ) . However d i f ferences were small ( approx ima t e ly 

5% ) and were n o t  always s ign i f i can t . 

H i ghe r  c i rculat ing levels o f  T3 were found in  the low backfat  l i ne 

rams i n  the p resen t s tudy . Th i s  is  cons i s t en t  wi t h  observat i ons i n  

lean pig  selec t ion li nes compared wi th t h e  fat  li nes ( Bakke and Tve i t ,  

1 9 7 7 ; S tandal e t  al . 1 980 ; Yen e t  al . 1985 ) . York e t  al . ( 1 9 7 8 )  

have shown s i m i lar d i f ferences in  plasma levels o f  T3 i n  lean and 

obese  mi ce . T 3 is  the more ac t ive form of  thyro id hormone and has a 

s t i mulat ory e f fect  on hea t produc t i on . Plasma T3 d i f fe rences migh t 

a l s o  con t ri bu t e  t o  line d i f ferences in  basal me t abol i c  ra t e  and 

t he re fo re in  mai n tenance requ i remen t s  of an i mals . 

D i f ferences in  body fat  con t en t , v i s ceral o rgan weigh t and 

c i rcula t ing T 3 concen t ra t i on could therefore have been respons i b le f o r  

a lower mai n t enance requ i remen t in  t h e  h igh backf a t  sele c t ion l i ne 

an i mals used i n  the presen t s t udy . If t h i s  were so , energy balance i n  

t h e  h igh backfat animals would have been grea t e r  than tha t i n t ended by 

the allocat ion t o  assumed 0 . 7  and 1 . 2  t imes mai n tenance  rat i ons . The 

consequences o f  this may be exami ned in  rela t i on t o  the energy balanc e  

d a t a  colle c t ed i n  t h e  previous expe r i ment  on t h e  same an imals 

( Bremmers e t  al . 1988 ) . Table 3 . 1  shows t he amoun t s  o f  energy 

r e t a i n ed by the two l ines on each feed ing leve l . Ne t energy r e t en t i on 
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has been calcu la t ed f o r  all four groups assuming that the  high backfa t 

an i mals have a lower main t enance requi remen t by 0% , 1 0% o r  20% 

compared wi th  low backfat rams . 

Tabl e  3 . 1  Livewe igh t change and calculated n e t  energy r e t en t i on a t  

d i f fe rent  ma i n t enance requi remen t s  f o r  high backfat  l ine and low 

backfat  l i ne Sou thdown rams at two feed i ng levels . 

High BF l ine Low BF l ine High BF - Low BF 

Var i able 

W t . change ( kg ) b 

Re t a i ned energy c ( Mj / d )  

Ne t r e t en t i ond 

" " ( - 10% )  e 

" " ( -20%) e 

0 . 7M 1 . 2M 0 . 7M 1 . 2M 

- 1 . 7  

6 . 5  

- 3 . 1  

- 2 . 1  

- 1 . 2  

a a 

1 . 2  

1 1 . 3  

1 . 6  

2 . 6  

3 . 6  

- 1 . 6  0 . 1  

6 . 4  9 . 9  

-3 . 3  0 . 2  

-3 . 3  0 . 2  

-3 . 3  0 . 2  

0 . 7M 

0 . 2  

1 . 2  

2 . 2  

a Feed i ng leve l , 0 . 7  ma i n tenance v .  1 . 2  ma i n t enance . 

b We igh t  change over the 38  days o f  the experimen t . 

c Re t en t i on=energy i n t ake - ( ur ine and faecal ) losses . 

d Ne t re ten t i on=re tained energy corre c t ed for  mai n t enance 

1 .  2M 

1 . 4  

2 . 4  

3 . 4  

( assuming ma i n t enance requi remen t is  equal in  the two l ines ) . 

e Ne t r e t en t i on ( assuming ma i n t enance requi remen t was 1 0% o r  
1 � 1_,) 

20% h ighe r  i n  t he �� backfat  l i ne ) . 

Adap ted  from : Bremmers e t  al . ( 1 988 ) . 

Thus i f  such d i f f erences i n  mai n tenance energy requi remen t s  d i d  
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exi s t , cons id e rable di f f erences would have been genera t ed i n  t he 

ac tual energy balances o f  animals i n  each selec t ion line  f o r  each feed 

leve l . The levels of energy re tent ion of  the high and l ow l i nes fed 

a t  0 . 7 t imes assumed maint enance requi remen t we re s i mi lar . Howeve r ,  

the low l ine an i mals o f fered the 1 . 2  mai n t enance d i e t  had a lower 

level of energy re t en t ion t han the high l i ne an imals on the same plane 

of  nu t r i t ion . 

l i ne rams 

Thi s  was a res u l t  of grea ter  selec t ivi t y  among the low 

who frequen t ly fai led to consume all t he lucerne , 

par t i cularly the s talk . Thus d i e t  selec t iv i ty of  one l i n e  con t r i bu t ed 

t o  a d i f fe rence be tween the energy balance i n t ended and t hat  ac tually 

ach i eved . 

I f ,  due t o  d i f ferences in  mai n t enance requi remen t s , the  h igh l i ne 

rams were on a more pos i t ive energy balance than the l ow l ine rams , 

t hey would be expec t ed to  have grea ter  levels of  glucose and i nsul i n , 

and lower levels o f  NEFA and crea t i n ine ( Ganong 1 98 1 ; Rule e t  al . 

1985 ) . The be t ween line d i f fe rences d i d  involve grea t e r  levels o f  

insulin  in the high li ne bu t also invo lved lower glucose 

concen t ra t ions , and higher levels of  crea t in i ne , wi t h  no d i f ferences 

i n  NEFA concen t rat i ons . Thus , i f  a d i f fe rence i n  mai n t enance 

req u i remen t ,  and there fore energy balance , d i d  exi s t  i n  the presen t 

s t udy , i t  was n o t  clearly seen i n  basal conce n t rat i ons o f  hormones and 

metabo l i t es .  Neve rtheless , there appears to  be some evi dence that  the 

l i nes d i f fer  i n  mai n t enance requi remen t .  Th is  should be exami ned 

d i re c t ly by calor i me t ry t echn i ques so that more prec i s e  alloca t i on o f  

f e e d i ng levels  may be unde r t aken i n  fu t ure s t ud ies . 

A number o f  phys iologi cal d i f ferences have been f ound i n  
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compari sons o f  t h e  Mas sey Univers i ty Sou thdown selec t ion l ines . These 

d i f ferences rep resen t poten t ial marke rs of  gene t i c  me r i t .  However a 

maj o r  problem wi t h  the f i nd ings to  date  i s  that  di f ferences have n o t  

been cons i s t en t ly expressed . Di f ferences in  fas t ing levels o f  

soma t o t ro p i n  have been found be tween these selec t ion l i nes i n  t h i s  

s t udy and b y  Car t e r  e t  al . ( 1 989 ) b u t  no t in  a large r s tudy b y  van 

Maanen e t  al . ( 1 989 ) . D i f fe rences in the glucose/insulin  s t a t us and 

in  the l i po ly t i c  res ponses to chal lenges wi t h  adrenaline or glucagon 

have also been incons i s t ent . Plasma urea d i f ferences be tween l ines 

have been the mos t reliable resu l t  t o  date . Howeve r  urea d i f ferences 

are d imini shed at low feeding levels ( Bremmers et al . 1 988 ) and in 

f i eld graz i ng cond i t i ons ( McCu t cheon et al . 1987 ) .  

In  conclus i on , the resul t s  of  s t ud i es s o  far und e r taken w i th  the 

Mas sey Un ivers i ty Sou thdown sele c t i on li nes are equivocal w i t h  respe c t  

t o  t h e  devel opmen t o f  markers f o r  lean growth . Whi le some d i f ferences 

be tween the l ines have been observed , t hey have not been repea t able 

be t ween s t ud i es . The resul t s  of  this  s tudy suggest  that  the lack of  

repea tab i l i ty was no t due t o  fai lure to  con t rol energy s t a t u s  of  the 

an i mals s i nce f ew l i ne by feed ing level i n terac t ions were apparen t .  

However , t h i s  conclus ion mus t be seen i n  l igh t of  previous comme n t s  

concerning pos s i ble d i f ferences be tween t h e  lines i n  main t enance 

energy requi rement s .  I t  may b e  that  the small number o f  s i res used i n  

each li ne i s  res pons i b le for  the lack o f  cons i s ten t d i f ferences 

because , wi t h  two si res per l i ne in  each genera t i on , any one s i re has 

the po t en t i al t o  d i s propo r t ionately i n fluence " be tween-l i ne " 

d i f f e rences i n  h i s  p rogeny . Howeve r , the s i z e  of  sele c t i on l ines i s  

generally l im i t ed by e conomi c cons t rain t s . Thus a be t t e r  approach t o  
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i nves t iga t i ng gene t i c  markers may be to measure  me t abol i c  

charac t e r i s t i cs i n  a large number o f  randomly-sele c t ed s i re s  and t hen 

es t imate t he i r  gene t i c  meri t for lean t i ssue grow t h  d i re c t ly by 

progeny t e s t ing . 



APPENDIX I 

Arrangement o f  rams i n  the me tabol i sm crates  and the i r  l ine , feed 

leve l , block and sample group . 

BLOCK GROUPC I 
1 I 

TAG SIRE LINEa FLb TAG SIRE LINE FL 

1 I 83 4 LOW 0 . 7 M 18  1 H IGH 1 . 2M 
I 1 4 3  3 LOW 1 . 2M 1 6  2 HIGH 0 . 7M 
I 

2 I 3 1  4 LOW 0 . 7 M 9 2  2 HIGH 1 . 2M 
I 8 9  3 LOW 1 . 2M 103 1 HIGH 0 . 7M 
I 

3 I 4 1  3 LOW 0 . 7M 65 2 HIGH 1 . 2M 
I 150  4 LOW 1 . 2M 55  1 HIGH 0 . 7M 
I 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

BLOCK GROUP I 
2 I 

1 I 50  4 LOW 0 . 7M 24  1 HIGH 1 . 2M 
I 1 1 4  3 LOW 1 . 2M 189  2 HIGH 0 . 7M 
I 

2 I 6 2  4 LOW 0 . 7M 95 1 HIGH 1 . 2M 
I 2 3 LOW 1 . 2M 1 1 7  2 HIGH 0 . 7M 
I 

3 I 5 6  3 LOW 0 . 7M 147  2 HIGH 1 . 2M 
I 105 4 LOW 1 . 2M 85  1 HIGH 0 . 7M 
I 

a Selec t i on l i ne , l ow o r  h igh backfat dep t h  

b F e e d  level , 0 . 7  o r  1 . 2  t i mes mai n t enance allowance 

c Chal lenge group 

8 6  
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APPENDIX I I  

Calculat ion o f  Feed Allowances 

Mai n tenance energy requ iremen t ,  for  a 35kg we ther lamb , was assumed t o  

b e  9 . 8MJME/DAY ( Ra t t ray 1 9 8 6 )  wi th  an add i t i onal 10% requi red f o r  

en t i re animals , maki ng 10 . 8MJME/DAY . O n  a metabo l i c  l i vewe i g h t  

( kg0 · 7 5 ) bas i s , t h i s  i s  0 . 7MJME/kg0 · 7 5 /DAY . The chaf fed lucerne hay 

was assumed t o  have an energy con t en t  of 9 . 5MJME/kg Dry Ma t te r  ( OM )  

( Ho lmes and Ui lson 1984 ) . The propo r t i on o f  DM i n  the feed was found 

to be  88 . 4% and there fore the main t enance al lowance req u i red per day 

could be derived as follows : 

0 . 7  ( MJME/kg0 · 7 5 / DAY ) I ( 0 . 884 ( kgDM/kg FEED) x 9 . 5  ( MJME/kgDM ) )  

=0 . 0834 kg FEED/kg0 · 7 5 /DAY for  mai n t enance 

Therefore , in  o rder to achi eve the d ivergen t feed ing levels ( 0 . 7  amd 

1 . 2  t i me ma i n t i nance ) used in  t h i s  s t udy , t h i s  allowance  then became : 

0 . 7 x 0 . 08 3 4  = 0 . 0584 kg Feed/Day/kg0 · 7 5  

and 

1 . 2  x 0 . 08 3 4  = 0 . 1001 kg Feed /Day/kg0 · 7 5  

These f i gures were t hen used to  calcul a t e  the daily allowance for  each 

ram . 
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