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ABSTRACT 
Four experiment s with young calve s and one 

wi th ewe s and la mb s  are de scribed ,  all of whi ch involved 

taking blood sample s via a jugular ca t heter . Pla sma 

sample s  were all a ssayed for insulin and growth hormone 

by radio-immunoas says.  In Experiment s 1 - 4,  prolactin 

a ssays were also carried out , and re sult s o f  pla sma gluco se 

a ssays were pre sented for Experiment s 2 - 4 . 

In Experiment s 1 and 5, the effect of suckl ing 

on starved calve s and lamb s  wa s invest iga t e d .  Insulin 

rose �rom <1 ng/ml t o  2 - 7 ngiml after sucklihg. Growth 

hormone and prola c t in di d no t change systema t ically in any 
• way a fter suckling in calves , but lamb s  growth hormone 

level s increa sed from <2 ng/ml to >10 ng/ml a t  the onse t of 

suckli ng ,  a s  di d the GH leve l s  in plasma of their dams.  

In  Experiment s 2 and 4 , the e ffe c t  of changing 

pla sma energy sub st rate levels wa s investigated in ca lve s .  

In Exper iment 2, i t  wa s ob serve d tha t  a 30- second jugular 

infUsion of e ither vola t i le fa tty ac ids in an equimole cular 

mixture of acetate , propi ona te and butyra t e ,  or glucose 

( both a dmini stere d at 1 . 25 mM per kg body weight (bw ) ) 

re sulted in a variable, but significant increa se in insulin 

levels ,  but ha d no effec t  on growth hormone or prolac t in .  

The result s o f  1 . 4 mM per k g  bw gluco se a dmini stra tion i n  

Experiment 4, confirmed tho se o f  Experiment 2. A dmini s t ra­

t ion of 0 . 75 U per kg bw of prota mine zinc insul in r e sult ed 

in a prolonged hypoglycaemia , which wa s a chieved more 

sl owly in five-week-old calve s than in week-old calve s .  

Growth hormone and prola c t in levels did no t re spond 



i mmediately to  insulin admini stra tion ,  but after 

hypoglycaemia had been ma intained for 2 - 3 hour s ,  growth 

hormone levels decreased from 4 - 8 ng /ml to <3 ng /ml in 

calve s of both one week and five weeks of age, a nd 

prolac t in level s increa sed slightly . 

The effec t  of a 30-second infusion of 0.3  g 

per kg bw arginine on calve s wa s  tested in Experiment 3, 

and significant inc rease s in a ll pla sma mea surement s 

i i i  

except growth hormone were observe d. Increa se s  of both 

insulin and gluco se were higher in five -week-old milk-fe d 

calve s t ha n  they were in week-old calves or in five-week­

old ruminant calve s ,  and in all calve s  the glucose increase 

was quickly followed by a decrease in gluco se levels to  a 

deep hypoglycaemia . The prolactin re sponse was smalLer and · 

more prol onged in week-old calves than in the older ca lve s .  

Saline whi ch wa s infused in an equi-o smolar solution to 

arginine , re sulted in decrea ses in bot h  growth hormone and 

prolact in. The re sults o f  Experiment 3 are contraste d 

with tho se of Experiment 5 ,  in which a 0. 5 g per kg bw 

arginine dose wa s infused ove r  a 30-minute period into ewe s 

and lambs. The insulin re sponses were smaller than t ho se 

of calves ,  but the growth hormone leve l s  increased 

significantly from <2 ng;ml to >4 nglml . 

In addi tion t o  the experimental result s  

described above , ra dio-immunoa ssay s were de scribed in 

detail ,  because ell work uti lised a nt ibodie s raised by the 

author dur ing the course o f  study .  
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PREFACE 

Pla sma l evel s  o� insul i n ,  growth hormone and 

prolac t in ha ve b een meas ure d in calve s  and la mb s, wi th 

special r e �erence t o  the change in energy substrate 

metabol i sm whi ch oc c urs as a re sult o� the t rans i t i on 

from pre -rumina nt t o  the r uminant mode of dige st i on. 

Wherea s l a mbs 1 plasma hormone level s  have been e xt ensi vely 

s t udie d  in thi s re spe c t ,  the l itera t ure c onta ins ve ry �ew 

re�erenc e s  t o  those of young calves. Thus i t  wa s o� 

int ere st t o  compa re and contra st re sul t s  obtaine d  with 

calve s and lamb s ,  but t o  c oncentra te � our out o� the �ive 

e xpe r i ment s on c alve s. 

Change s in pla sma leve l s  o� the hormone s a nd 

of glucose were mea s ured in re sponse t o  severa l a c ut e  

stimul i , chosen �or the i r  s ignificanc e e ither in  relation 

to  e ne rgy substra te metabol i sm ,  or the anabol i c  �unct ions 

of the three hormone s under i nve st i ga t i on. The st imul i 

tested were a s  fol l ows: 

(1) The e ffect  of suckling 

(11) The ef�e c t  of rap id  infusi ons of 

(a) Gl ucose 

(b) Vola t i l e  fa tty a c i d  mi xt ure 

(c) Insul in 

(d) Arginine 
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1.1  

CHAPrER ONE : REVIEW OF THE LITERATURE 

INTRODUCTION 

An important factor in the development of the 

young ruminant is that it undergoes a change from typical 

non-ruminant metabolism in the pre-ruminant phase, to the 

ruminant condition. In the pre-ruminant phase, the major 

energy substrate is glucose, mainly derived from lactose 

in milk which is consumed in large meals resulting in 

sudden large increases in glucose absorption. After 

weaning, the ruminant condition involves the steady 

production of volatile fatty acids by rumen fermentation, 

and these largely replace glucose as the main energy 

substrata. Thus there is a change both in the nature ot 

the main energy substrate, as well as in the rate of 

energy substrata absorption throughout the day . 

1 

Such a change is associated with profound 

biochemical alterations (for example Bauman (1976) has 

discussed the changes which occur in the pathways used 

for fatty acid synthesis before and after weaning in 

lambs), and is related to changes in the hormonal control 

of digestion and metabolism (Bassett, 1975). The 

endocrinological changes of this nature torm the main 

focus of the present study. Plasma hormonal changes 

associated with suckling have been investigated in the 

pre-ruminant calf, and hormonal responses to intravenous 

infusions of arginine, glucose and insulin, have also 

been compared between calves of difterent ages and with 



different degrees of rumen development. 

The literature contains very few reports of 

the endocrinology of young calves, the present study 

being one of the first. There are several references 

2 

to lambs and kids, which have been reviewed here in detail 

in order to provide a reference point for comparing and 

verifYing the calf data. For the same reason, some data 

obtained from ewes and lambs while the author was working 

in collaboration with Dr. J.M. Gooden (Applied Biochemistry 

Division, D.S. I.R., Palmerston North ) has also been 

included in Chapter Three. 

The role of pituitary growth hormone in energy 

substrata metabolism of young ruminants is of central 

importance in the present study. Its actions are easily 

compared and contrasted with those of insulin. Their 

anabolic effects, and their similarity and complementary 

functions in the control of metabolism and growth, are 

such that either of them could equally well be given the 

name of 
• • 
growth hormone • 

In the present study, however, the emphasis 

is not on the role of these hormones in controlling or 

promoting growth, and studies in which growth hormone was 

measured over long periods of time and correlated with 

food intake and growth, have not been included in the 

review of the literature. Rather, the emphasis is on 

the hormonal responses of growth hormone and insulin, to 

short-term, acute changes in plasma levels of certain 

metabolites. 



For the investigation of a further aspect 

of the factors which influence growth hormone secretion, 

the aspect of control of pituitary fUnction as a whole, 

another pituitary hormone, prolactin, was also measured. 

Prolactin is known to have much in common with growth 

hormone, both in its chemical structure, and also in the 

fact that both have mammogenic and lactation stimulating 

effects ( Cowie and Tindal. 1971). The two hormones are 

thought to share a common evolutionary history, and yet 

it seems that they are under opposing mechanisms ot 

hypothalam1c control of their secretion from the anterior 

pituitary ( see pages 22 and 31). A study of the levels 

ot the two hormones is there�ore ot: great interest in 

shedding further light on their similarities and 

d1 fferencea. 

3 
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1.? INSULIN, GROWTH HORM0NE AND PROLACTIN LEYi<:LS 
1.2,1 Stimuli for secretion of insulin 

(a) Plasma metabolites 

The most potent st imulus for insulin secret ion 

i n  non-ruminants is a high level of glucose reach i ng the � 
cells of the pancreas ( reviewed by Field, 1964, and  Mayhew 

et  al, 1969 ) . Recent evi dence has suggested that the ra te 

of increase in plasma glucose c oncentrat ions is more cri t ical 

in controlling the i nsulin response than the a c tual levels 

of glucose reached (o'connor et al, 1g77 ) .  Other sugar s, 

e . g .  mannose and fruct ose, are less effective tha n  glucose, 

and the majority of workers ha ve found tha t galactose i s  

not effective a t  all (Mayhew et al, 1969 ) .  In ruminants 

(only sheep have been studied ) ,  the rela tionship between 

glucose levels and insulin secretion is not as close as tha t 

between vola tile fa tty acids  ( VFAs ) and insulin secret ion 

(Manna a nd Boda, lg67: Horino et al, 196R: Ambo et al, 

197?). VFAs produced by rumen fermentat ion largely repla ce 

glucose as the major energy substra te produced i n  rumina nts 

by digest ion. Thus the si tua t ion for both rum i nants and 

non-rumina nts, is a strong posit ive correlat ion between 

energy substrate levels and insulin secretion. 

Insulin secret ion is  also st imula ted by 

increased levels of certa i n  amino acids in the plasma of 

non-rumi na nts ( Mayhew et al, 1969 ) as well a s  ruminant s 

( Hertelendy et a l, 1970 : Stern et al, 1971: Davis, 1972 ) .  

The physiological significance of both responses 

lies in  the fac t  tha t insulin i s  the major a naboli c  hormone. 



I t  promotes  synthe si s of � r oteins and nuc le ic a ci d s ,  the 

m a terial s nece s sa ry for gr ow th ,  and a l so p romo t e s  s t orage 

5 

of ca rbohy dra t e s  a s  l i ver glycog en a nd t riglycer i de s  as 

energy re serve s (Krahl , 1972). I t s  init ial short-term a c t i o n  

i s  t o  increa se t he transport  o f  a mino a c i d s  a n d  glu c o se 

into cell s ,  thu s lea ding to a drama t i c  dec rea se i n  the p l a sma 

leve l s  of tho se metabol i t e s which s t im ul a te d  i t s  secre t ion 

(W ool  and Scharff , 1968 ) .  A dmini strat i on of ex ogenou s 

insuli n  leads  t o  t he devel opment of hypog lyc a e mi a , but i n  

the normal  a n i mal  the a c t i on cf e ndogenous i n sulin i s  

integrated w i th the a c t ions  of glucagon and gr owth hormone 

(GH) and GH -dep endent pep t i de s ,  so tha t  hom eo st a si s  i s  

maintained. 

(b ) 

(i) 

Other hormones 

Enteric hor mones 

Follow ing the inge st i on of food , insulin  i s  

relea sed  in ant ic ipa t i on of incr e a sed blood me tabol i t e s, 

by a mechanis m whi ch involve s th e me di a t i on of the ent er ic  

horm ones ,  sec re t i n ,  pancreo zymin-cholecy stok i n i n  a nd g a strin 

(reviewed for non- ruminant s by U ay hew e t  a l ,  1969). In  

ruminant s ,  the si tua t ion w ith r egard to  ent e r i c  hormone s 

h a s  not been i nve st iga ted  in de t a il , but Cha se e t  a l  (1977) 

have observed tha t since the increa se in pla sm a  i n suli n  

preceded the i ncrea se i n  pla sma me taboli t e  level s  a fter  

spontaneou s feeding i n  steer s ,  a mechanism wh i ch i s  ei ther 

neura l ,  or  involve s ent eric  hor mone s ,  mu st be medi a ti ng the 

rapid re sponse . A si milar conclu s i on w a s  reached by Ba ssett 

(1972) with sheep . 



6 

( i i ) Glucagon 

The imp ortance of the opp o sing ac t i ons of 

insul in and glucagon in ma i ntaining ho meo st a s i s i s  

empha si zed by the fac t  that insulin se cre t i on i s  a l so 

stimu l a t e d  by sec re t ion of glucagon ( reviewed for non­

ru minants  by M ayhew et  a l , 196g). In ru mina nt s ,  insul in 

secret ion wa s seen to foll ow very rapidly a fter  glu ca gon 

infusion  (Ba s se t t , 1971). �Nhen VFA s were a dmini st ered intra -

venously t o  sheep, the insu lin re sponse fa i l e d  t o  produce 

hypoglycaem i a  ( Manns and Boda , 1967: Horino et  a l ,  1968) 

and somet ime s  t he VFA a dmini stra t ion ha s re su lted  in hyper­

glycaemia de spit e  the insul in resp onse ( Phill ips  et a l ,  

1969: Ba sse t t , 1972) . The au thor s have c onclu ded t ha t 

gluca gon and insu lin are secreted  t oge ther , bu t the extent 

to which the insu l in i s  re sp onding t o  VFA leve l s ,  or t o  

glucagon secre t i on i s  no t c l ea r .  

( i i i ) Growth h ormone 

Both insu l in a nd GH have been reported t o  b e  

secreted i n  re sp onse t o  certa in a mino acids  i n  p l a sma , in 

b o t h  ru minant s and non-ru minant s (see page s 4 and 9 ) , bu t 

for insulin and po ssib ly for GH , the rela t i onship to  p l a sma 

energy sub st ra t e  leve l s  ma�� b e  overriding. Follow in g  food 

int ake, ir. su l in secre t i on is at a max imu� , w ith low GH leve l s ,  

w h i l e  the si tua t ion i s  rever sed a fter fa st ing ( see page 12). 

Evid ence i s  c it e d  by M ayhew e t  a l  (1969) for an inver se 

re la t ionship betw een the tw o hormone s in man , and Ba ss e t t  

e t  a l  (1971) have ob served a nega t i ve correla tion betw een 

t he m  ( r = -0.71) in sheep.  
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High endogenous secretion of GH , a s  in acro­

mega l i c  pa ti ent s, or intr avenou s a dmin i s t ration of exog en ou s  

GH to human subj e c t s, have been reported  to  be  ac companied 

by e leva t e d  in sul in leve l s  in pla sma (Ya l ow and f e r son , 1960) . 

On a long-term ba sis , GH become s diab e t ogenic , sugg e st ing tha t  

cont inuo u s  s timula t i on of the pancrea s leads to  � cell  

exhaustion (Y oung , 1968) and a dire c t  s t imul a t o ry eff e c t  of 

GH on th e pancrea s in y i tro h a s  been ob serve d by B e nnett  and 

Curry (1975). R ec e nt di sc overy of th e fact tha t  many of 

th e eff ec t s  of GH a r e  medi a t e d  by other pept ide s ( see page 

24) make s  it seem likely tha t  the eff ec t s  of GH on the 

pancrea s cou l d  a l so inc l u de l ong-term indire c t  effe c t s .  

(c) The adrenerg ic sys tem 

Ob serva t icns tha t  epinephrine inh ib ited  th e 

insu l in relea se st imulate d  by h�rperglyca emia , led  to an 

ex am ina t ion of the role of the adrenergi c sy stem in insul in 

se cr e t ion ( reviewed by M ayhew et a l ,  1969 ) .  I t  wa s f ound 

tha t  o a dr energic- stimula t i on h ad an inhib i t o ry contro l , 

and � adrenergi c s t i mu la t ion enhanced insu l in secretion by 

a mech an is m  wh ich invo lved st i mu la tion of th e a deny l  cyc l a se 

sy ste m  in the � c e l l s  of the pancre a t i c  i sl e t s .  Since 1969 , 

unders ta nd ing of th e sys t em ha s not cha ng e d  (R o ss ini  a nd Bu se , 

1973) a nd th e relat ive role s of� a drenergi c st i mula t i on and 

gluco s e  metabol i sm with in � c ells i s  s t i l l  not c lear 

(H erman n a nd Decke r t, 1977). 

Certa in  hypo thalamic ext r a ct s have been f o und to 

st imula t e  insulin rele a se f r om rat pancre a t ic i slet s cul tured 
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in vitro  (Martin  et a l ,  1 973 ) .  There  have a l so been some 

very intere st i ng e xpe r i me nt s  whi ch sugge sted t ha t  a hypo­

thala mic fac t or relea se d  in dog s  in  r esponse to glu c o se 

i nfu si on ,  wa s responsib l e  for pro duc ing enhanced insul in 

rele ase frnm t he r0nc reas, to  a gre8ter extent than t he 

e ffec t  of t he gl uc ose a l one rea c hing the pancrea s  ( Chieri  

e t  a l , 1 976 ) .  

l. ?. 0 Stimuli for secretion of growth hormone 

(a ) Plasma metarolites and their relationship to 
growth hormo ne actio p 

I n  determining t he e ffec t of pl a sma met abol i t e s  

o n  pla sma hor mone level s ,  t he development of radio-immune­

a ssay s  ha s a dded a new  dime nsion of prec i sion  and sen s i t iv i t y .  

For a hormone wi th a well -defined biologica l a c t i on ,  suc h  a s  

insulin , i t  ha s been rela t ive ly e a sy t o  define the i mmune­

l ogica l ly a c t i ve mol e c u le a s  be ing i dent i c a l  t o  the 

b i ologi c al ly active o ne ( Da sh and Lindsay ,  1 967 ) .  For GH, 

ho wever , none of t he bio-a s say s ha s bee n  enti rely sa t i sfa c t ory 

and  many b i ological a c t ivi t i es which are  dependent upon GH 

a r e  probably carri ed out by o ther mole cul e s  ( see pa ge ?4). 
Thu s  t he que stion ha s been ra i se d : are a l l  the studi e s  

ba sed o n  ra dio- immuno a s saya l:le  pla sma GH, reliabl e  in t erms 

o f  the b i ol ogically a c t i ve mol ecule?  

In an swer to  t he que st i on ,  some severe 

d i screpa nc ies  have ari sen in the l iterature a s  a re su lt  of 

inadequ a t e  defin i t i on of the hormone being mea sured . For 

e xample , b i o a ssayable  GH (BA-GH) depl e t ion from the p i tu i t a ry 

wa s used by Scha l ly e t  a l  ( 1 96 8 ) duri ng t he inve st iga t i o n  
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into a po ssi ble GH-rel ea sing hormone from the hypothalamu s  

( see pa ge 22 ) ,  but the re liab i l i t y  o f  the re sul t s  became 

suspe c t  w!Jen i t  wa s ob se rve d tha t there wa s no agreement 

be tween BA-GH depl etion from the pituitary, a nd radio­

i mmunoa s sa yable GH ( RIA-GH ) a ppearance in pla sma ( Frohman 

et a l ,  19'1 ) .  Further su sp i c i on ha s been aroused b y  Ell i s  

e t  a l  ( 1975 ) who se re sult s sugge st tha t  the ra t io o f  BA-GH 

t o  R IA -G H  in r;la sma wa s 200 - 3 00 : 1 .  

Al though such d i scre panci e s  have a ri sen,  

Ba et zner  et al (1972) and a lso Stewar t  et  al (1977) found 

very c lo se c o rre spondence b etween BA-GH and RLt\-GH, the 

RIA  having c ompared favourably with t hree different BA 

syst ems . Fur t hermore , where they do not compare well , t here 

is evi dence to sugge st that the BA i s  at faul t .  Pena e t  al 

( 1972 ) drew a t t ention to the non-spec ific i t y  of  the t ib ia 

test  BA , while i t  i s  well-e stabli shed  tha t ra dio-immunoa ssa ys 

are c hemically highly spec ific  ( Ske l ley et al , 1973 ) a nd 

t hat a l though GH exi st s in at  lea st two mol e c ul ar for ms , 

bot h of  them a re immunore a c t ive in the ir na turally occurring 

for m  i n  pla sma ( Bala e t  a l ,  1970 : page 87 of the pre sent 

study ) . 

( i )  Amino acids 

GH bears a r e se mb la nc e  to insu l i n ,  in tha t  it  

ha s bee n report ed t o  b e  release d  in  re sponse to high level s 

of  certa i n  a mino acids  in the pla sma . Intravenous
' 

infu sion 

of arginine monohydro chloride st imula ted  secret ion of both 

in pri ma t e s  ( R abinowit z et al , 1968) and dogs ( Tsushi ma ,  1971 ) 

a s  well a s  i n  a ll ruminants studied so fa r ( Hertelendy et a l ,  

1970 : St ern e t  a l ,  1971 : Dav i s ,  1972 ) . I n  ca se s  where  
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simult ane o u s  hormone mea surement s  ha ve been made 

( Hertelendy et a l ,  1970 : Davi s ,  1972 ) ,  the insu l in peak ha s 

precede d  the GH peak b y  15 or 30 minut e s ,  but sa mpl ing has 

not been rre quent enough t o  de t ermine whe t her  t he GH re sponse 

i s  only a seconda ry one . 

The physi ologi ca l s ignific anc e of the re sponse 

probably l i e s  in t he fac t tha t both GH and insu l in have been 

found to c a u se enha nced t ra nsport  of amino a ci ds into cell s  

o f  musc le a nd l iver ( reviewe d  b y  Sni pe s ,  1968 ) a n d  increa sed 

protein a nd nuc l e i c  a c i d  synthe s i s ,  leading to growth . Thus 

the gr owt h-promot ing act i on o f  GH and insul in i s  enhanced  

in the pre sence of  an adequa t e  supply of di e t a r y  protein ,  

the main sub strate  for growth . 

( ii )  Energy substrate leyels 
In relatior- t o  pla sma met abo l it e s  other than 

amino a c ids , GH  appe a r s  to  be diame tr i ca lly opposed  to  

insul in.  VVherea s insul in i s  secret e d  in re sponse to  hi gh 

level s of blood gluco se ( reviewed by Fie ld, 1964 ) ,  GH i s  

often st imul at e d  b y  hypoglyc a e mia ,  inclu ding that  brought 

about b y  a dmini s t ra t ion of insul in.  The response i s 

consistent in pri ma t e s ,  and Roth et a l  ( 1964 ) noted  that not 

only di d hypoglyc aemia st imula te GH se cret ion i n  man, but 

a rapid decrea se in blood glucose was  a lwa ys effe c t ive , 

regardl e ss o f  the absolute level s inv olved . The re sponse 

ha s also been ob served in ruminant s ( St ern e t  a l ,  1971 : 

Wallace and Bassett , 1970 ) wi t h  the except ion  of one r eport 

wi th l a mb s  (Trenkle , 196 7 ) a nd one wi th goa t s  ( T inda l et al 

1978) wh ich did  no t re spond .  
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The re sponse ha s not been c onsist e nt in other ­

ma mma l s .  Pi gs ( Mac hl i n  e t  al , 196 8a ) and dogs (Tsu shima e t  

a l , 1971 ) only exhib i t ed a slugg i sh GH re sponse , a nd cat s  

( Kokka e t  a l , 1971 ) ,  mi ce (Schindler e t  a l ,  1972 ) a nd 

rabl•i t s  ( Mcin t yre and Odell , 1974 ) fa iled to  re spond a t  all . 

Depletion o f  BA-GH from the pi tuitary wa s ob serve d in ra t s  

i n  re s.I,:onse t o  insul in-induced hypogl yca emia ( Krul ich  a nd 

�cCann, 1966 ) ,  but RIA work ha s repeat e dl y  failed t o  

sub stant i a t e  i t  (Koklca e t  a l , 1972 : Takaha shi e t  a l ,  1971 ) .  

The di screpa ncy b etwee n BA-G H 8nd RI A-GH ha s been di scuEse d 

on pa ge R .  '.�'ha tever the rea son for the di screpa nc y  be tween 

spe c ies ,  the G H  secret ion in re spon se to hypoglycaemia can 

be sa id t o  be a well-e stabl i shed rel iable response in prima te s ,  

a r esponse which  usua lly oc cur s in ruminant s but no t in 

other mamma l s .  

Conver sely ,  hyperglycaemi a  ha s been found to 

be inhib i t ory  to t he secretion  o f  GH in re sponse to other  

s t i mul i , e . g .  i t  inhib ited the GH r esponse to  L-dopa 

ingestion in man ( Mims et a l , 1973) and Scha lch and Re ichl in 

( 1966 )  observed t ha t  a micro infu s i on o f  gluco se i n t o  the 

me dia n  eminence of t he bra in preve nted the GH r e sponse to 

i nsul in-induced hypoglycaemia  in monkeys .  Hyperglycaemia 

a l so inhib i ted t he GH re sponse t o  arginine in ruminant s 

( Hertelendy et  a l , 1970 ) . However , under cert i a n  condi t i ons 

hyperglycaemia ha s b een seen t o  have the oppos i t e  effec t ,  

and i s  i t self  a st imulus for GH s�cre t ion . For e xa mpl e ,  

hyperglycaemia wa s st imula t o ry to  G H  in human b ab ie s  under 

s i x  months of age ( Cornblath e t  al , 196 5 ) and the phenomenon 

ha s a l s o  been ob serve d dur ing acute bacterial  i nfe c t i on or  
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stArv�tion in primates (Hayfield et al, 1974). Among 

ruminants, �allace and Bassett (1970) observed a GH 

increase in response to hyperglycaemia in lambs of 6 weeks 

of aze, and tr.e res�onse decreased at 15 weeks of age, and 

wrH.:. smgll.er still in lactating ewes. Stern et al (1971) 

alsc· observed a GH resronse to infusion of glucose, but it 

WAS not related to age, and these authors related it to 

glucose utilisation rate r3ther than to the absolute levels 

of glucose reached. 

There is some evidence that a similar inverse 

relationship exists between plasma levels of free fatty 

acids (FFAs) and GH, to that which exists generally between 

glucose and GH. The relationship has been shown to apply 

in man (Fineberg et al, 1972:  Raptis et al, 1973: Quabbe 

et al, 1977). In ruminants, it h as been demonstrated in 

sheep by Hertelendy and Kipnis (1973) and in cows by 

Reyneart et al ( 1975). Both groups of workers used several 

different lipolysis inhibitors in order to counteract 

specific side-effects of any one of them. Infused into 

fasted animals, they all resulted in a GH secretion that 

was inhibited by concomitant administration of FFAs or VFAs. 

The evidence for increased GH secretion as a 

result of low energy substr8te levels, is supr-orted by the 

fBct that GH levels are usually higher in the fasted animal, 

as seen in studies with man (Roth et al, 1964), pig (Machlin 

et al, 1968a) and rabbit (l!.cintyre and Odell, 1974). The 

situation in ruminants is questionable, since both 1Nallace 

and Bassett (1�70) and Trenkle (1970) observed no effect on 

sheep fasted for four days. Also, Trenkle (1967) working 
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w i th she e p ,  Fur ch0 s et al ( 1971 ) ·w i t h  he i fer s a nd Hove a nd Bl o m  

( 1973 ) w i t h  cows , a l l  showe d t ha t  a l i m i ted e nergy inta ke 

ca use d  GH leve l s  t o  be s l ight ly higher t han i n  c ont rol 

anima l s  fe d .a,Q. l ib . 

The ma in longer-term  a c t i on of GH on energy s ub ­

s t r a te s i s  t o  decr e a se t he t ran s� ort o f  gluco se i n t o  ce l l s ,  and 

t o  pr omo t e  l ipo ly s i s .  Thu s pl a s ma ene r gy sub st r a t e  l eve l s  a re 

r a i se d  n s  n re sul t o f  GH se cre t i on o c curr ing when they w e re 

l ow .  T he n c t i on o f  GH in th i s  re spe c t  ha s been f ound t o  be 

bipha s i c : in i t i a l ly i t  e xert s an insul in-like e ffec t , pr i o r  t o  

exert i ng i t s  insu l in-anta goni s t i c  e ff e c t .  Thu s Swi sl ocki and 

S zego ( 1 96 ?) work ing with rn t s ,  and A l t zuler e t  al  ( 196 � )  with 

do�s . ob served tha t the ini t i a l  e ffe c t  of admini ster i ng GH to  a 

hypo phy se c tomi se d  a nima l wa s A de cre A se in pla sma gluc o se a nd 

F�A s , w i t h  A na d i r  n t  3 0  - 6 0  minut e s  A fter  the GH tre� t me nt , 

fol lowed  by R r i se ,  fr om 2 - 6 hour s ofter  GH trea t ment . 

The phenomenon ha s been st ud ied in vitro i n  r n t  

d i a phragm by .l\hre n and H j a l ma r s son ( 196 � ) , who studied upt ake 

of the non-ut i l i sable suga r ,  xyl o ae , wh ich i s  t hought t o  ha ve 

t he so me t rans�o r t  cha r a c t er i st i c s  a s  gluc ose . They found 

t ha t  GH a dmini st r a t i on t o  a hypophy sec tomi se d a n i ma l  r e s ul ted 

in i nc re a se d  xyl o se t r anspo r t  for up  t o  3 hour s ,  fol lowed by 

decre a se d  t r ans ; or t  a s sociated  w ith a refr a c t ory per i od t o  

fur the r GH st imula t i on . Go o dman ( 196 � )  ob se rved t he sa me 

pa t tern of event s in upt ake of 1-arab inose by a d ipo se c e ll s .  

The t r ansport  pa t t ern may be of dub ious 

s igni ficance , b e c a u se i t  wa s ob se rve d only in hypo­

phy se c t omi se d a n i mal s .  Howeve r ,  t he event s mu s t  n ot be 
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considered  a s  an all-or-none r esponse , and  the fact  that 

the refractory period  took 48 hours  to di saprear i ndi ca ted  

that  in the norma l  a nima l ,  the t i ssues are a lway s a t  a 

va rying degree of r efractorine ss  to the insul in-like a c t i on 

o f  GH ( i\hren et al , 1975) . The small  difference s  i n  

refra c t orine ss  a t  different t ime s rela t ive t o  the l a st pul se 

of GH in vivo would b e  undetectable ,  but may b e  of  grea t  

importance for a l l owing sma l l  amount s of  metabol i t e s  into 

t he cell , to provi de t he extra energy and amino a c i ds 

ne c e � sary for GH to  carry out i t s  longer term effect s  in a 

c ontroll e d  mar ner . 

The other postul a t e d  action of GH i n  it s 

ma intenanc e of pla sma energy sub strate l evel s  wa s thought 

to be a l i polyt ic  effect , beca use i ntravenous administra t i on 

of  GH in vivo wa s ob serve d  t o  lead  t o  a n  incre a se in pla sma 

free fa tty a ci d  ( FF� )  level s ( Ba ssett and Wa llace , 1966 : 

Luthman a nd Jonson, 1972) . However ,  l ipoly s i s  sti mulated  

d irectly by GH ha s not often been ob served in vitro, so  

Nyberg a nd Smi th ( 1977) have c onclude d  from the ir resul t s  

with cul tured human adipo se t i ssue that the in yivo l ipolyt i c  

a ct i on of  GH ha s b een ove r-empha si zed in the l iterature , and . 

wa s possib ly a n  art i fact . Several other worke r s  have ob se rved 

GH-stimulated l ipoly s i s  in yitro under cert a in c onditions ,  

notab ly with  the observa t ion that it synergi sed  wi th 

glucocort icoids t o  give r i s e  t o  far  more l i poly s i s  than t he 

a dditive e ffec t s  o f  each a l one ( Caldwell and Fa in,  1970 : 

Go odma n ,  1970 ) and Hecht et  a l  ( 1972 ) observe d enhanced  

lipoly s i s  in yitro by GH a l one bound t o  sepha ro se bea ds . 
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Hot t a  And S irek ( 1971 ) re por ted that the 

synergi st i c  effe c t  of  GH on l i polysi s wa s c omple tely i nhib i t e d  

by 10 �U /ml o f  i n sul in in  the medi um ( l ower than the normal 

physi o l ogical  l eve l cb served in fed human sub j ec t s) and there 

W3 S a p o s sib i l i ty tha t it  �a s the inhib itory effe ct o f  

insul i n  whi ch acc ounted for ob serva t i on s  tha t G H  some t i me s  

fa iled t o  s t i mulate  l ipoly si s . The i nability of GH t o  

s t i mula te  l ipolysi s except in  the ab se nce of i n sulin ,  

re infor ce s the i de a  of a r o le of GH a s  the hormone of  

fa st ing , which mob i l i s e s  fa t in  orde r to  prevent energy 

substra t e s  from dec lining ,  only whe n i nsu l in ha s reache d  

fA st i ng leve l s .  

Different physio logicA l st A tes 

Age a nd repr oduct ive status 

I n  a l l  ma mma l s  studien , i t  hA S been  ob serve d 

tha t plA sma GH l evels  wer e  high a t  b i rth , de cre a si ng ra pi dly 

dur ing the first  12 - 48 hours of ne ona t a l  l i fe , a nd de crea s­

ing mo re slowly thereafte r ,  to  reo ch adult level s a t  ab ou t the 

t i me of weani ng . The pa t t ern ha s b e en found in non-rumina nt s ,  

e . g . man ( Cornblath et  a l , 1965 ) , pigs ( Machl i n  e t  a l , 196 8b ) , 

dogs ( T sushi ma e t  a l ,  1g71 ) and mice ( Si nha e t  al , 1972a ) ,  a s  

we ll a s  ruminant s e . g . c a lve s ( Tucker e t  a l , 1974 : Reyne art 

e t  a l , 1976 ) a nd lamb s  (Ba sse t t  and Alexander , 1971 : 

He rtelendy e t  al , 1969 ) . 

A s  t he young anima l reache s  puber ty ,  there i s  

evi dence tha t the GH se cre tion i s  aga in e nhance d ,  and 

r e cre a se s  aga in in a dult -ho od a nd further st i l l  dur ing 

sene scence ( Fi nke l st e i n  e t  a l ,  1972 : Dudl e t  a l ,  19 73 ) .  
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In thi s connec t ion , A i tken et a l  ( 1973 )  have empha si ze d  t hat 

t he occurrence of o steoporo si s in  post-menopausal women 

may b e  a re sul t  of dec re a sing oe strogen leve l s ,  when oe stro­

gens possibly have an inhib i t ory effect on GH action.  Thu s , 

higher ci rcula t ing GH leve l s  in females  of  some spe c i e s  may 

be caused  by oe strogeni c  inhib i t ion o f  GH u t i l i sa t i on ra ther 

than by st imu l a t ion of secre t ion.  

Pregnancy ha s been ob served t o  cause a progre s si ve 

increa se in ma t erna l pla sma GH level s  a s  the pregna ncy 

a dvanced ( Saunders  et a l ,  1976 , in ra t s :  Koprowski and 

Tucker , 1973 , in c ows ) .  Fol l owing the end of  pregnancy , 

maternal pla sma GH level s  decrea se d  gra dually a s  l a c t a t ion 

progre ssed ( Koprowski a nd Tucker , 1973 ) .  

( ii ) Lactation 
I t  is probable tha t high ma ternal pla sma GH 

levels imme dia tely post -partum are a ssoc iated  with the 

important role of GH in the ma intenance of lactat ion ( Cowie 

and Tinda l ,  1971 ) .  Whe rea s pro la c t in is the ma j or p i t u i t a ry 

hormone re qu ired for the ma int ena nce of  l a c ta t i on in non­

ruminant s ( see page 29 ) ,  i t  a ppea rs that GH i s  more importa nt 

than prolac t in in rumi nant s ( Forsyth and Har t , 1975 ) .  The 

rela t ive i mpor tance of GH in ruminant lac t a t i on i s  a l so 

empha si zed by the c ompari son of cat tle wi t h  high and l ow 

milk yields (Hart et  a l ,  1978 ) in whi ch i t  wa s ob serve d tha t 

GH levels were higher in high-yiel ding ca ttle during the 

peak lacta t ion per i od , wherea s prol a c t in wa s highe st i n  bo th 

groups dur i ng the dry pe riod ,  v:i tb no di fferenc e betwe en 

group s .  
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Both GH a nd prola c t in have been seen t o  

increa se i n  ma ternal pla sma i n  resp on se t o  suckling or 

milking in r uminant s ( e . g .  goa t s ,  Hart  a nd Flux, 1973 : 

sheep, Ma rtal, 1975 ) and  non-ruminants  ( e . g .  ra t s, Saunder s  

et  a l ,  1976 ) .  However , the GH secretory response to  milking 

i s  by no mean s  universal ,  even i n  ruminant s ( e . g. cows, 

Reyneart and Peeters, 197 2 : Koprowski and Tucker, 19 73 : 

goats, Ti ndal et al , 1978 ) .  

( ii i )  Sleep and diurnal yariation 
The ri se in  pla sma GH levels dur ing sleep ha s 

been studied extensively in ma n ( Finkelstein et a l ,  197 2 ) 

but among ruminant s it wa s not detectable in goa t s  ( Ti n dal 

et al, 1978 ) or  bull s and steers (Anfinson et al, 1975 ) .  

An inc rea sed number of GH peak s  between 1� . 00 and 22 . 00 

ho urs occurred in sheep (Davi s and Borger , 1974) but wa s not 

clearly correlated w i th sleep. 

More deta il ed studies with man ( Alford et a l ,  

1973 ) ha ve shown that a s  the metaboli c  clearance rate  wa s 

higher in sup ine sub j ec t s  tha n tho se with upright po st ure , 

then the ac tual GH secret ion ra te wa s 2 - 5 t i mes  higher 

during sleep than during waki ng. GH levels ha ve al so been 

correlated with the elec troencephalogra m stages of sleep 

( Lucke et al,  1972 ) .  Vlliether or not the sleep response i s  

ent irely a cent ral nervous syst e m  ( CNS )  effec t ,  however, i s  

st ill open to some doubt in view of the fact  tha t Lucke et 

a l  ( 1972 ) were ab le to reduce noc turnal GH secret ion in man t o  

some extent by admini stering intravenous heparin before sleep, 

causing an eleva t i on in }. l a sma FF1\ level s .  Such a result 



ra i se s  t he p o s s ib i l i ty tha t the GH secre t ion wa s merely a 

r e su l t  o r  the no c tu rna l state of re st i ng ( se e  page 12 ) .  
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GH l e ve l s  ha ve b e e n  round to vary wi dely dur ing 

the day , i n  ruminant s ( Davi s a nd Borger ,  1974 : Anfi nson e t  

al, 1975 ) a nd i n  man ( Gl ick and Gol dsmi t h ,  196 8 ) .  One c au se 

for var i a t i on wa s t he change in pla sma energy sub stra t e  

leve l s  fol l owi ng fee ding and a ft e r  dige s t i o n  ( se e  page 1 0 ) ,  

so tha t GH min i ma u sua l ly c oi nci de d  with the end of a fee di ng 

pe r i o d ,  dur ing wh ich t ime e nergy sub s t ra te l evel s and insul in 

wer e  h igh ( Blom et a l ,  1976 , working wi t h  b u l l s ) . Even a t  

the se t i me s ,  however , GH pea k s  st i l l  o c curr ed ,  eve n  though 

they were smal l e r  than at t imes of fa st ing . Thus the r e  wer e  

spont ane ou s GH peak s ,  se e m i ng to o c cur at ra ndom throughout 

the day . 
I I 

Such a n  epi so dic pa t t ern ha s be e n  round to be 

a l most universa l for GH se c r e t ion ( A nfinson et a l ,  1975 : 

Finke l ste in e t  a l ,  19 7 2 ) .  

The spontane ous GH epi sode s  have been studi ed 

in de t a i l  in ra t a  ( Tannenb a um et a l ,  1976 a and b )  and ha ve 

been ob se rved- t o  o c cur wi th a cycl i c i ty of 3 . 3 hr ,  independe nt 

of o ther phy si o l og i c a l  fa c t or s .  Al t e rnat i on o f  l ight and 

dark wa s ob serve d to be unne c e s sary f or the ma int enance or the 

rhy thm , altho ugh the 24-hr diurna l cycle did have a synchr on­

i sing efrec t .  H owever , the re sul t s  of Tannenba um e t  a l  ( 1 976 ) 

are not in agreement wi th the study o f  Moberg e t  a l  ( 19 7 5 ) in 

whi ch rat e '  diurna l GH rhythm c oul d be cha nged by enfo r c i ng a 

particular t i me of day for fe eding .  
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( i )  

The adren�rgic system 

Adyerse environmental stimuli apd epipeuhrine 

leyels 
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The pla sma GH level s of all ma mmal s studied have 

been a ffected in �ome way by the infliction of adverse or 
• • stressful st imul i . Ruminant s have u sually respond.ed with a n  

i ncrea se i n  plasma G H  level s ,  for example a s  a result of 

inser t ing a jugular c a theter in cattle (Ea t on et a l, 1968 ) ,  

o f  expo sing cat tle t o  sudden high temperatures (Mit ra and 

Johnson, 197 2 )  or o f  sust a ined l ow tempera t ures i n  sheep 

( Machlin et  al , 1968a ) .  One repo rt to  the contrary ( Reyneart 

et  a l, 1976 ) in whi ch cattle under transport stre s s  ha d l ower 

GH level s tha n control s ,  i s  o f  doubt ful value i n  that only 

single blood sa mples were u sed for the GH mea surement , and 

ba sal GH levels are known t o  vary widely ( Davi s and Borger , 

1974 ) .  A GH increa s e  i s  supported by studies with man, i n  

which var ious stre ssful st imul i  were effe c t i ve ( Baylis et 

al, 1968 ) .  An equal ly wide range of a dver se stimul i, however , 

has brought about a de crea se in  GH secret ion i n  all rodent s 

studi ed ( Takaha shi et a l, 1971 : Schli ndler et al , 1972 ) . 

Although t he vali di ty of the st udies is  que st ion­

able bec au se the defini t ion of a 'stressful ' st imulus is 

r ather sub j ective a nd severa l  mechanisms whi ch influence GH 

c ould be involved, i t  i s  noteworthy that some GH change ha s 

always been ob serve d,  indica t i ng tha t 1 s tres s 1 does play a 

part in GH contro l . The di fferences between speci e s may be 

a s eoc i q t e d  wi th the fac t that  in  determi n i ng G H  level s at  a ny 

t ime, the metabol i c  clear�nce r e te as well a s  the secretion 

ra te are both involved, a nd may not be influenced in  para llel. 

( See page 16 - 17 ) .  



The GH release observe d in the ma j or i t y  o f  

anima l s  st udied wa s probably not medi a ted  by other hormone s 

relea sed into  the c ircula t i on in re sponse to 
I I 
stre s s  . An 

intravenou s dose of ACTH d id not affec t  GH leve l s  in human 
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sub j e c t s  ( Bruno e t  Al , 1971 ) and r e sul t s  following an intra-

venous i nfusion o f  epinephr ine have b een ver y  variable between 

studi e s . '�/a lla ce and Ba s sett  ( 1970 ) observed t ha t  epine phrine 

caused a decre a se in sheep GH level s ,  while i t  i ncrea se d  GH 

secr e t i on in the monkey ( Meyer and Knobil ,  196 7 )  and had no 

effec t on man ( Ro t h  et a l ,  196.3 ) or pig ( Ma c hl in et al , 1968a ) .  

Altho ugh do sage a nd length of  infu sion time were va r iable in 

the se s t udie s ,  a close i nspec t ion o f  the da ta  ha s not 

revealed  any rela ti onship between do sage and t ype of  re sponse . 

St udi e s  i nvolving simult a neous appl icat ion of a n  i ntravenous 

argin i ne load wi th epine phr ine , show inhib i t i on by epine phrine 

of the usual GH r esponse to argini ne , in sheep ( Hertelendy 

et  a l ,  1969 ) a nd in  man ( Fineberg et  al , 1972 ) .  The i nfusion 

of epinephrine i s  of doubtful physiologic a l  signi fi cance ( see 

page 22 ) , but the resul t s indicate  t ha t  the GH secre t or y  

re sponse to  1 stress 1 i n  ruminant s and pr ima te s  i s  unlikely 

t o  be me dia t e d  by increases  in pla s ma epinephrine leve l s . 

The responses t o  noxio u s  st imuli  indi cate  tha t  

GH i s  probabl y  under c e ntral nervous system ( CNA ) cont rol t o  

some extent . The sponta neous bur st s of increa sed GH level s 

di scussed on page 19 also  indicate  that CNS response s  

re sul ting from  varying externa l c ondition s and changing 

e mo t i ons , could be i nfluencing GH secret ion and /or u t i l i sa -

t ion .  

The  fact  t ha t  one of the mo st reliable s t i mul i 



for GH sec re t i on in ma n ,  i s  t he inge st i on of L-dopa ( I mura 

e t  a l ,  1973 ) lends support t o  t he probabi l i ty tha t  GH i s  

under CNS c ontrol . Epine phr i ne infu si on and a ppl i c a t ion of 
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noxi o u s  st i muli are both l ilce ly to  s t i mulate  the whole 

per iphera l a drenerg i c  sy stem ( Axelrod ,  1965 ) ,  bring i ng abo ut 

numerou s far-rea ching sec ondary effect s  on metabo l i sm and 

influenc i ng GH secre t i on and ut ili sa t io n  in a var i e ty of 

I 
i ndirect  way s .  L-dopa , however ,  i s  ab le t o  cro s s  t he b lood / 

b rain  barr ier ' ( Axelrod,  196 5 )  and i t s  more reli able  e ffect  

indicate s  that the  ab ility t o  enter t he bra in  may be i mportant 

i n  br inging about GH relea se via the a drenergi c  system.  

( i i )  Hypoth8lamic i nfluence on GH secretion 
To a scertain t he na t ure of the CNS c ontrol over 

GH secre t i on , pituitary-hypotha lamic relat i onships  have been 

studie d .  The work ha s been a mply· reviewed by Gui l lemin ( 19 73 ) ,  

Burgu s e t  a l  ( 1973 ) and Va le et  al  ( 19 73 )  in three  c on se cut ive 

paper s by member s of the same team ,  so i t  i s  not nece s sary t o  

review i t  a ga i n  here . A s  a brief summary , secre t i on o f  GH 

is tho ught t o  be under dua l hy:potha lamic control by means  of 

neurohormone s  entering the hypophyseal porta l  sy stem.  The 

st imula t ory hormone , a gr owt h  hormone relea sing factor  ( GH-RF ) 

ha s no t yet  been i sola t e d ,  a nd i t s exi stenc e i s  i nferre d .  The 

inhib i t ing hormone ha s been i solated ,  ident ified  and synthe -

size d ,  a nd ha s b een found t o  be a t e tra de ca pept i de whi c h  ha s 

been t ermed soma t osta t in .  I t  i s  o f  further-reaching 

significa nce than simply be ing inhib it ory t o  GH se cre t ion : 

it  ha s been found to  suppr e s s  the relea se o f  thyrotropin ( TSH ) 

and p o s sibly prola ctin from the pi tuitary ,  a s  well a s  insu l i n  
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and glucagon from the pancrea s ( reviewed by Vale et  al , 1973 ) .  

The relat ive i mportance in viyo of its various  effect s  ha s 

not yet be en a scerta ined ,  e spe c i a lly in view of t he fa ct 

that it  is very rapidly ina ct i va t e d  in the c ircula t ion.  

There i s  some evi dence that i t  is  a l so produced in t he panc rea s 

a s  a n  add i t i ona l pancrea t i c hormone ( Efendic et a l , 1975 ) .  

The neura l mecha ni sms whi ch c ont rol GH secre t i o n  

via the ir  influence o n  hypothalamic  release o f  GH-RF a nd 

soma tosta t in ,  ha ve been extensively i nve st igated and  have 

been reviewed by Mul l er ( 1973 a and b ) . To summa r i se the 

reviews , studies with electrolytic  lesions and elect r i ca l  

st i mulat ion of bra in areas ,  have enabled spee ific neura l 

a rea s t o  be i mpli cated  in GH cont rol . Pharmacolog i c a l  

studies wit h  rat s ,  monkeys a n d  human sub j ec t s ,  lend support 

to the c oncept ( alrea dy i ntroduced in relat ion t o  L-dopa ) 

t ha t  the a drenergic sy stem play s an i mportant role in the 

neurohormona l control of GH se creti on , st imul a t ion of a 

a drenergic  receptor s b e ing st i mulat ory ,  and  � a drenergic 

receptor s b e i ng inhib i tory . The exact  ident i ty of the 

adrenergic stimulant which i s  involved i s  not c lea r ,  in tha t  

dopamine a n d  norepinephrine . appear  t o  have a mutua l ly 

a ntagoni st ic  r ole i n  rodent s ,  while the evidence indi ca t e s  

that both a mine s pos s e ss a fa c il itat ory funct i on on  GH 

relea se in the human sub ject . H owever , if  the mechani sm i s  

sl ight ly different be tween spec ies ,  it  could expl a i n  why 

• • 
stre ss produces  GH release  in mo st spec ie s ,  but GH  

i nhibit i on in rodent s ( see page 20 ) .  

Further pharmacol ogical evidence ( Muller , 1973 b )  

indicat e s  t hat GH relea se i s  a l so st imulated by serotoni n ,  
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but ther e ha s a l s o  been evi dence to  the contrary ( Pont iroli , 

1976 ) .  In a s i t uation where  more tha n  one neura l pathway i s  

invol ve d ,  however ,  confl i c t ing resu l t s  would b e  l ikely t o  b e  

obta ined i f  the inhibit ion o f  one pa thway cause s  an  enhance­

ment of the other pa thway under some c ondi t ions . Recent 

evi dence sugge s t s  that in man ,  a different mechani sm i s  

involved , depending on whi ch st imulus  i s  e l i c it ing the GH 

re spo n se ( Schwi nn and Heckrodt , 1978 ) .  

The situa t ion i s  far from  having been conc l u s ively 

worked out for any spec i e s .  The only report of  rumina nt 

studie s  in thi s  re spec t ,  c ompl i c a t e s  the i ssue st ill  further , 

in tha t  L-dopa infus ion a ppeared t o  have no effect on ba sal 

GH l evel s ,  and a n  inhib i to ry effec t  on the resp on se to  

arginine ( Davi s  and Borger , 1973 ) .  The effect of an  a 

adrenergic blocking drug , phenoxybenza mine , wa s ambigu ou s ,  

in t ha t  i n  a st udy wi th only three a nima l s ,  a GH relea se of 

doubt ful s igni ficanc e  ensued following the t ermina t i on of  

infusion  of the  drug . VVhen the drug wa s infu sed t oge ther w ith 

argin ine , the normal GH response t o  arginine a ppeare d t o  be 

prolonged ,  and level s were still elevated  more than a n  hour 

after the infusion had fini she d .  I t  i s  not po ssible t o  say 

whether the enhanc ement wa s cause d  by a blockade st imu l a ting 

GH relea se , or by removal of a blockade stimulating it � more 

informat i on i s  required before rumina nt s can be c ompa red with 

pr imates  and ra t s .  

1. 2. 2 ( d )  Somatomedins and other peptides related to GH 
A very int eresting l ight ha s been shed on the 

mechani sm of GH a c t i on ,  since t he l iver and various o ther 



25 

t i s sue s ( Uthne , 1973 ) have b een shown to produce soma tomedins 

a s  a resu l t  of GH a c t i on .  Soma t omedin s ,  as  the name implie s ,  

a re a group of a t  lea st three di fferent pept i de s  ( Fryklund 

e t  a l ,  1975 ) which mediate most o f  the a ctions whi ch have 

been  cla ssically a scribed t o  GH it self.  They not only 

st imula te incorporat i on of sulphate into cartilage , but a l so 

increa se thymi dine inc orpora t ion into DNA, e ffec t s  which 

were observed to  be mimicke d  by high insulin leve l s  ( Sa lmon 

et al , 196 R ) .  Further work ( reviewed by Uthne , 1973 ) showed 

that they al so st imulated gluc o se uptake a nd oxida t ion by 

a dipo se t is sue , a nd st imulated a mino a c id uptake a nd protein 

synthe s i s  in dia phragm. The similari ty to insul i n  ha s a l so 

been not ed becau se they a re pe pt ide s  o f  a simila r si ze to 

insulin ,  and s omat omedin A c ompet e s  for the sa me recept or 

sites  a s  insulin , on membrane s of a dipose t i s sue , l iver a nd 

chondrocytes  ( Hint z et a l , 1972 ) . 

Other growth-promoting pept ide s have also been 

found in pla sma ( reviewed by Megye si et a l , 1975 and Van Wyk 

et a l , 1973 ) .  Of the se , non- suppre ssibl e insu lin-like 

a c t ivi ty ( NSILA : the insulin-like a ctivity left after pla sma 

ha s been treated  with  exce s s  ant ibodi e s  to  insulin i t self ) 

i s  not eworthy ,  because the soluble portion o f  the het erogeneous 1 

NSILA group of pept i de s  i s  similar in a ll re spe c t s  to 

Soma t o me din A ,  and shows some GH dependency ( Megye si et a l ,  

197 5 ) . The cros s-rea c t i on of the two in ra dio-receptor a ssay s  

indica t e s  that they are po ssibly identical , but more i nforma ­

t i on i s  needed t o  clarify the situa t ion . I t  i s  further 

compl icated by the po ssib l e  pre sence in pla sma of ( a ) fa c t or ( s ) 
which inhibit s some of the act i ons of s oma t omedin ( Sa lmo n ,  

1973 ) .  



26 

I t  is  pos s ible t o  form a uni fYing hypothe si s 

from all the informa t i on c oncerni ng OH-dependent pept i de s .  

Vlfhen soma t omedin$ wer e  first eluc ida t e d ,  i t  seemed l ikely 

t ha t  all  t he effect s of GH were mediated . via soma t omedin 

produc t ion ,  the role of GH being therefore only that of a 

t rophic hormone . Such a view wa s support ed by ob serva t i ons  

t ha t  certa i n  case s o f  familial  dwarfi sm were found to  have 

very high pla sma GH , but no soma t omedin ( Daughaday e t  a l ,  1971) . 

More recently , i sola t ed soma tome din A and B have been seen t o  

mimic GH effe c t s  in vivo ( Fryklund et a l , 19 75 ) .  

The si t ua t i on can be further sim�l i fi e d  by 

po stula t ing tha t  a ll NSII� mea sured in pla sma i s  simply due 

t o  the pre sence of the soma t ome.dins ( Megye si e t  a l ,  1975 ) ,  

a nd the pla sma fac t or which inhibit s s omat omedin a c t ivity 

( Sa lmon, 1973 ) c ould po ssibly be a ssoc i a te d  with the fac t  

t ha t  in vitro  studi e s  show tha t  t i ssues  devel op a pregressi ve 

refra c t orine ss t o  the insuli n-l ike a c t i ons of GH ( Ahren e t  

a l ,  1975 ,  and see page 13 ) .  

Although i t  i s  a lways attrac t ive t o  form a 

unifY ing hypothe si s ,  there i s  a mple evidence t o  indi ca te that 

here i t  i s  an over- simpl i fica t i on .  For exa mpl e , Underwo od 

et al  ( 1972 ) and Schwart z and Goodman ( 1975 ) study ing a di po s e  

t i ssue me t aboli sm ,  and Kostyo e t  a l  ( 19 73 )  working with 

muscle , have provide d  evi dence for str iking difference s 

between the effe c t s  of a dmini stering GH and somatomedins 

in vitro . The l a t t e r  a uthor s  have a l so empha sized  tha t 

exogenou s GH doe s  exert a dire c t  influenc e  on the rat e  of 

protein synthe s i s  in muscle and l iver ln v ivo , before any 

cha nge occurs  in  soma t omedin l evel s .  Furthermore , soma tomedin 
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produc t i on from the l i ver is not tota lly dependent upon 

GH stimula t i on ,  as  it i s  a l so st imula ted by ins ul in 

( Daugha day · e t  a l ,  1975 ) and possibly by prolac tin ( Fra nc i s  

and H i l l , 19 75 ) although tha t  finding wa s not repea table 

( Da ugha day e t  a l ,  1975 ) .  

I f  soma t omedins were produced a s  cleavage 

produ c t s  of GH , a defin i t e  re lat ionship between somatome di n  

a nd G H  leve l s  would b e  l ike ly . Tha t this i s  not the ca se ha s 

been  sh own many t ime s ( Va n den Brande , 1975 ) : for exa mple , 

very young a nimals  ha ve almo st no soma tomedin produc t i on ,  but 

high level s of GH ( Stua rt et  a l ,  1976 ) ,  and the two do not 

change in parallel in different nutr i t i onal status ( Phill i p s  

a nd Young , 1976 ) .  I t  would al so be expecte d t ha t  some immuno­

l ogical  or receptor a c tivity woul d cross-react between 

soma t omed i n  and GH . Although somntomedin doe s cross-react  

with  insu l in receptor s ( Uthne , 1973 ) ,  more recent work ha s 

shown tha t high molecular weight forms of soma t ome din exi st  

( Hall et  a l ,  1975 ) which do not re semble GH in a ny way . 

The impor tance to the pre sent study , of the OH­

dependent pept ides , i s  that  their  exi stence ra i se s  t he 

po ssibil i ty tha t GH l evel s are directly c ont rolled by the 

level s of the pept ide s  (Van den Brande , 1975 ) .  Even though 

the extent o f  the i m�ortanc e  of  the trophi c  role o f  GH i s  

not yet known , i t  i s  l ikely tha t many o f  the a c t i ons  whicr: 

hAve cla s s i cally been ascribed to GH , are not dire c t  effe c t s  

o f  GH a t  all . Thus the metabolic  signific ance of the GH 

response s ,  reviewed on  page s 9 - 1 2 ,  cou ld be a mi sinterpreta ­

t ion of the true situa tion.  At  the sa me time , the se 

discover ie s al so provide pla u sible explanat i ons  for the 
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di screpanc i e s  between spe c i e s  ( see page s 10 - 1 2 ) in GH 

responsivene s s .  I f  soma t omedin l evel s were mea sured a s  well 

as  GH , it i s  poss ible that the GH re sul t s  would become 

ea sier t o  interpre t .  

1 .  ?,3 Stimuli for secretion of prol8ctin 

( .9 ) Plasma metabol ite s  

Like GH , prolac t in ha s been ob serve d t o  be 

relea sed in re sponse to high leve l s  of certa in a mino a c i d s  

i n  the pla sma ( Forsyth and Edwards ,  1972 ) . In  rumina nt s ,  a 

secret ory re spon se to  a rgini ne ha s been ob se rved in he ife r s  

( Mc/\tee  and Trenkle ,  1971 ) and to  a rginine , l euc ine and 

phenyl alanine i n  sheep ( Davi s ,  1972 ) .  

There i s  some c onfusion i n  the l i t erature  

concerning the relationship between prola c t i n  secre t i on and 

gluc ose level s .  Horrob in ( 1974 ) c i t e d  evi dence for a 

pro la c t i n  re sponse t o  in sulin- induced hypoglyca emia in 

human sub j ec t s ,  but among rumina nt s no re la t ion ship  ha s been 

found in goa t s  ( Brya nt e t  a l ,  197 0 )  o r  heifers ( McA tee  a nd 

Trenkle , 1971 ) .  

The secre t ory r e spon se t o  increa se d  leve ls of 

amino a c i d s  i s  typi c a l  of' anabolic  hormone s ( see page s 4 C�nd 

g ) . There i s  no doubt c onc erni ng i t s  anabol i c  role in 

ma mma ry growth a nd l a c t ogene si s ( reviewe d by Horrob i n ,  1974 ) 

C� nd i t s  act ion a s  a ·general anabol i c  hormone h a s  been shown 

in a l l  cla s se s of non-ma mmalian  vertebra te s ( Bern a nd Nicoll , 

1g6 8 ) .  In ma mma ls ,  howeve r ,  i t s i mportance  a s  a growth­

promo t ing hor mone i s  not well-e stab l i shed.  Horrob i n  ( 1974 ) 

ha s reviewed the li tera t ure , which 1o int s t o  prola c t i n  
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ha ving n t  le8 st some growth-promo t i ng a c t ivi ty , but he s t a te d :  
I 
Ther e  i s  st ill a grea t dearth  of informa t ion abo ut 

the a c t ion of prola ctin on ma mma l ian me taboli sm .  1 

�or syth and E dwards ( 197 2 )  have c ited studi e s  in which 

pr ola c t in i sola t e d  by different methods of pur ifica t ion ha ve 

differed grea t ly in thei r  growth-promo t ing ab i l i ty .  They 

have drswn a t t ent i on to the fa c t  that human prola c t in ha s 

several amino acid  se quenc e s  in c ommon with human GH , and 

it may be tha t t he ac t i ons of the two only overlap  when 

in certa in molecular c onfigura t i ons determined by t he 

medium. 

In conclu s i on ,  i t s  importance a s  a general  

a nabolic  hormone is  secondary t o  its  mammogenic and la c t a ­

t i onal role  i n  ma mmal s ,  and the fac t  tha t i t  i s  not 

int ima t ely involved in homeo s t a t i c  mechani sms i s  i l lu st ra t e d  

b y  the fa c t  t hat  i t  ha s been di fficul t t o  e stabl i sh a 

rela tionship with pla sma e nergy sub strate  leve l s .  

1 . 0 .- 3  ( b ) 
( i )  

Different physi o logical  states 
Lactation 

Ea rly work with rodent s indi c a t e d  tha t prolac t in 

i s  of pr i ma ry i mportance for the s t i mula t i on of ma mmo-

gene s i s  lea ding t o  lactat ion , a s  well a s  for ma i n t enance of 

lactat ion ( revi ewed by Cowie a nd T in dal , 1971 ) ,  and it i s  

this  importance which give s prolac t in it s name . Although 

prolac t in now appea r s  t o  be l e s s  e s sent i a l  than GH in 

ruminant mammogene s i s  and l a c t a t i on ( Forsyth a nd Har t , 1975 ) 

it  is  w i dely e stabl i shed tha t  pla sma lev e l s  are high po s t ­

partum ( Forsyth and Edwa rds , 1972 ) ,  and tha t r uminant pla sma 
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pro la c t in levels  i ncrea se i n  response t o  the t a c t il e  

s t i mulus o f  suc kl ing ( Ara i a nd Lee ,  1967 : Brya nt e t  a l , 

1970 : Hart , 1974 ) .  

( i i )  Age and reproductive status 

During norma l  female  reproduct ive cycle s ,  many 

mB mma l s  inc luding ruminant s ,  have been shown t o  have 

increa sed prola c t in secre t i on a ssoc i ated  wit h  o e st ru s  

( For syth and F.dwards , 19 72 ) .  In  experimenta l  a dmin i st rB ­

t io n  o f  oe st rogen s ,  however ,  the re sult s a r e  not c lea r-c u t , 

and the effec t  of  oe st rogens a ppea r s  to  be a s  potent ia t o r s  

of prola c t in r e spon se s  to  other s t i mul i ,  ra ther than a 

direc t  stimula tory effe c t  ( Rorrob i n ,  1974 ) .  

During pregna ncy , ma t ernal pla sma prola c t i n  

level s Rre va riable betwe en spec i e s  (Rorrobin ,  1974 ) .  

There ha s been  one repo r t  of foe t a l  prola c t in level s  

( �.1oger a nd Ge schwind,  1971 ) which ind i cate s that in foe t a l  

lB mb s , pro la c t i n- se cr e t i ng cell s rea ch maturi ty early in 

t he l a st th i • d. , a s  shown by the pre sence of  pro la c t in 

in  foeta l pla sma , and these a ut hor s also c i t ed a h i s tological 

s t udy in whi ch pituitary a c i doph i l s  became detec tab l e  a t  the 

sa me age . 

I n  the neona te the si t ua t ion i s  a l s o  very 

var iable between spec ie s ,  pro l a c t in leve l s  b e ing high in 

young bab ie s ,  but very l ow in y oung rat s  ( revi ewed by 

H orrobin,  1974 ) . For the purpo se of the pre sent study , i t  

is  relevant t o  not e  tha t  in he i fe r s  prepub er t a l  val ue s 

were c on s i stent ly high ( Swanson e t  a l ,  1972 ) ,  a lthough no 

da ta  have been  found for neona ta l ruminant s .  
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1 . 2 .3 ( c )  

( i )  

The adrenergic §ystem 

Adverse environmenta l  stimuli 

To quot e  Horrob in ( 197� ) a ga in :  

•one of the be st e stabl i shed fa c t s  about prola c t i n  

secretion i s  t hat  it  r i ses  in  r e sponse t o  stre ssful  

s t i mula t i on of  a lmost a ny sort • . 

Unl ike GH secret ion ( see page 20) , the re sponse i s  consi stent 

among a l l  the spe c i e s  stud ied . It i s  possible tha t the 

pr ol a c t i n  response some t ime s  ob served as a re sult  of  hypo­

gly c a e mia  ( see pa ge 28 ) is a stre ss-me diated e ffect  ra ther 

tha n a direct effec t of de crea sing b l o od glu cose . 

( i i )  Hypothalamic influence on prolact i n  secretion 

The mechanism  of hypoth a lamic control of  pro­

l a c t i n  se cre t ion has been reviewed by Horrobin  ( 197� ) a nd by 

Tol i s  and Frie sen ( 197� ) . Pr ola c t in secre t i on i s  apparently 

under the control of two hypotha la m i c  influence s ,  of wh ich 

prol a c t i n  inhibi t ing fa ctor ( PIF ) ha s  b e en detected much  more 

rea d i ly than prolac t in relea sing fa ctor  ( PRF ) . 

A s  i n  the control of GH secre t i o n ,  the hypo­

tha lamic influenc e s  a re in turn unde r  the c ontrol of neuro­

secr e t i ons in the bra in . The adrenergic control i s  opposite  

t o  tha t o f  GH , in that n a drenergi c st imul a t i on ha s a n  

inhibi tory effec t on prolactin l evel s ,  an effe c t  whi ch ha s 

b e e n  a ccepted a s  be ing dopa mine-me d i ated ( Horrobin ,  197� ) .  

However,  the study of Davi s and Borger ( 1g73 ) i s  of  intere s t , 

in tha t their  r e sul t s  i ndicate tha t the inhibi t i on i s  nor­

e pi nephrine-me d i a ted in sheep .  

There i s  a mple ev idenc e  which sugge st s t ha t  
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prolac t i n  relea se i s  under more than one neurose cretory 

c ontrol mecha nism ( Davi s and Borger , 1973 : Kulkarmi and 

S impson , 1974 ) , a sugge st i o n  wh ich i s  suppor t e d  by many 

repor t s  of sero tonin be ing st imula tory to prolactin  relea se 

( Ka mber i e t  a l ,  1971 : Kordon e t  al , 1973 ) , a nd of the 

cholinergic  sy st em a l so b e i ng i nvolved ( Grandi son and Met ie s , 

1976 ) .  There ha s a l so been  a suggest i on tha t dopamine in 

the circul a t ion a c t s  di rectly at  the level of t he pituitary 

t o  inhibi t  prolac tin secre t i on ,  a s  well  a s  a t  the hypo­

t halami c  l evel ( Ma cLe od e t  a l , 1975 ) .  However ,  more rec en t  

work indi ca t e s  t h a t  hypothal a m i c  PIF a c t ivity i s  not wholly 

a cc ounte d  for by t he inhib i tory act i on of dopa mine on the 

p i tui t a ry ( En j alb ert et a l ,  1977 ) .  

The mecha n i sm by which prol a c t i n  feeds ba ck t o  

inhibi t  i t s  own sec r e t i o n  ha s been extensive ly reviewe d by 

Tol i s  a nd Frie sen ( 1974 ) . Not only doe s  i t  a c t  at the 

pitu i t a ry level , but a l so prol actin  i t self h a s a profound 

influence  on the level s of hypotha lamic monoamine s :  it i s  

sugge s t e d  tha t i t  i s  t ha t  i nfluence which a l so causes hypar­

prola c t i naemic state s to be a ssoc iated  with di srupted sexual 

funct i on i ng.  

Fina l ly ,  there is  one o ther source of hypo­

tha l a m i c  influence on pr olac t in secre t ion , and that is  

thyrotropin-re lea sing hormone (TRH ) ,  which st i mula t e s  

prola c t in secre t i on by a direct effe c t  o n  the pit ui tary .  The 

lack of evidence for a physiologica l ly import a nt ro l e  for 

the phenome non ha s been di scussed by Horrobi n  ( 19 74 ) . 
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1.3 DIGESTION AND METABOLISM IN YOUNG R1H.1ItJ'i'INTS 
1 .3.1 Anatomical devel opment of' the digestive system 

At b i rth , the oma sum a nd aboma sum c onst itute  

more tha n 50� o� the t o t a l  stomach volume of  the c a l� 

( 1:/a rne r  a nd Fla t t , 196 5 ) . Follow ing birth ,  there i s  a 

progre ssive ly grea ter i ncrea se in s i ze o f  the re t icula-
rumen relat ive t o  the aboma sum, such tha t by four weeks of 

age , more tha n  50:� of s t oma ch volume i s  ret icula-rumen .  In  

calve s on 
I I 
norma l die t s  of milk , hay and gra in,  the mo st 

rapi d period  of re t i cul o -rumina l growth the n  follows b etween 

4 and 8 week s o� age ( Warner and Flatt , 1965 ) .  During tha t 

per i o d  of t i me ,  the re t i cula-rumen wa s ob serve d  t o  grow a t  

a rate  o f  four t ime s t he body we ight rate o� ga in , while  t he 

oma su m /abo ma sum only grew a t  2 �  t ime s the rat e  ( Huber ,  196 8 ) .  

However , c al ve s limi t e d  t o  milk feeding dur ing tho se week s ,  

showed a n  increa se i n  si ze o f  a ll stomach por t i on s ,  which 

wa s pr oport ional to only 1 t imes the ga in in body we i ght . 

Thu s the c on sumpti on of sol id  fee d  i s  the s t i mulus for 

increase d  rumen deve l opment . By 12  - 16 weeks of age , a 

calf  on ' n ormal 1 fee d  ha s obta ined a dult proportion s ,  in 

whi ch the re t icule-rumen const i tutes  80 - go•;{, of the s t o ma ch 

volume ( Hub er , 196 8 ) .  

Experiment s in whi ch ca lve s have been fed w ood  

shavings or  pla s t i c  sponge , have indicated tha t mer ely the 

pre sence of sol id ma t t er entering the rumen i s  suffici ent t o  

s t i mulate increased rumen growth as  wel l  a s  increa se d 

musculature of t he rumen wal l .  However , papillae on the 

rumen muc o sa rema in the same he ight a s  they were a t  birth 

( 1  mm ) ( Warner and Flatt ,  196 5 ) , a nd only grow t o  the height 
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of  adult  papilla e ,  a s a re sul t of the pr e sence of cellulose 

in  R fer ment i ng medi um in the rumen . The vo l a t ile  fat ty 

a c ids  ( VFA s )  a re t he end-pro duc t s  of such ferment a t ion , a nd 

are t he ma j or st i mulus  for t he finer a na t omi cal  a nd 

func t ional mat u r i ty of the r ume n .  They are a l so necessa ry 

for t he maintenance of a ma t ure rumen , s ince regr e s si on t o  

sma ll , non-func t i onal pa pillae  ensue s rapidly i f  a calf  i s  

re turned t o  a milk-only di e t  ( Warner and Fla t t ,  1965 ) .  

1. 7.) . 0 Functiona l development of the digestive system 
A t  b ir th ,  all  t he calf 1 s nutrient requ irement s 

are sup] :l i e d  from milk , the ma j or e nergy sub s t r a t e  being 

gluco se , der ived from la c t o se in  mil k .  The digest ive system  

i s  e ssen t ia l ly mor.oga st r i c , s i nc e  t he milk by-pa sses  t he 

ret i cule-rumen and i t s  ga s t r i c  dige st ion i s  l imi ted  t o  the 

aboma sum . 

The mechani sm whereby t he fore- st oma ch i s  by-

pa sse d ,  i s  c ont r a c t ion of the r e t i c ular gr oove . A reflex 

of a Pavloviar. type , a s s o c i a ted wi t h  suckl ing from a t ea t , 

stimul a t e s  groove clo sure  b efore milk rea c he s the st omach , 

tlms enabl i ng the milk t o  b e  shun ted  direc tly into the 

aboma sum ( Or skov , 197 2 : Newhook , per s .  comm � ) .  Dr ink i ng 

from a bucket  in  order t o  quench thi r st , ha s a relaxi ng 

effe c t  on the gr oove , so that  only milk a dmini stered via  a 

tea t enters  the aboma s um directly .  Solid food  and sal iva 

pa ss fr om the oe sophagu s into t he r umen . 

The rumen c onta ins l i qu i d  ( ma inly from sal iva ) 

1 Mr .  J . C .  Newhook , Depart ment of Physiology a nd Ana t omy , 
Ma s�ey 1 Tniver si ty ,  Fa lme r ston  North. 
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from the t i me of b irth ( Newhook , per s .  c o mm. ) ,  and t he 

de ve l opme nt of  t he ruminAnt mo d e  of  d ige st ion begi n s  a lmo st 

i mmedia tely t o  some ext ent , i n  tha t  Hube r  ( 1968 ) c i t e s  

evi denc e t ha t  i n  a week- o l d  c a l f ,  2 5  - 40� o f  cel l u l o se 

entering the  rume n wc:-1 s ab l e  t o  b e  di ge s t e d . The sub se qu e n t  

fu nc t i o n A l  devel opment o f  t he rume n ,  howeve r ,  i s ,  i n  pa r a l l e l  

t o  i t s  a na t oo i c R l  devel opment , dependent o n  the phy s i c a l 

pre se nc e o f'  s o l i d s  e n t e r ing the rume n ,  and  upon the produc­

t i on of VF/\ s by  rumen m i c r o -o rgA n i sms ( Huber , 1968 ) .  

I n  c a lve s fed a 1 norma l 1 d i e t  of both m i l k  a nd 

so l i ds ,  VFA pro duc t i on i n  the rume n  increa sed s tea di ly from 

1 week t o  7 we ek s o f  a ge ( Hube r ,  196 8 ) .  R e s t r i c t i ng them t o  

mi lk del ay e d  t he r i se i n  r u me n  VFA s ,  but  whe n  re t urne d t o  a 

c e l l u l o se-c onta i n i ng diet , t h ey ve ry ra pidly a t t a i n e d  a 

ferment a t i o n  capa c i ty whi c h  wa s equa l t o  tho se wh ich ha d 

b een rum ina t i ng fr om soon a ft e r  b i r t h  ( Hub er , 1 96 8 ) . 

Foll owing the en t ry of milk into t he ab oma sum ,  

t he mi lk pr o t e i n s  form a ca se i n  clot  o r  curd by the a c t i on 

of r ennin and the low pH o f  the aboma sa l c ontent s ,  a l t hough 

there i s  evi dence t o  indic a t e  tha t curd-forma t i o n  i s  n o t  

nec e ssn ry f o r  t h e  ma intenance of a hea lthy d ig e st ive sy s t e m  

( Huber , 196 8 ) .  The l a c t o se i n  the whey i s  dig e s t e d  mo re 

ra p i dly th a n  the pro t e i n  cur d, a nd t here i s  a h i gh capac i ty 

for l a c t o se d i ge st i on .  Suc r ose ,  on the o ther h a n d ,  i s  not  

able  to  be dige s t e d  a t  a l l , a n d  the pre senc e o f  starch , or  

of  di sa cchar i de s  othe r  than la c t o se r e su l t s  in  dia rrhoea 

( Huber , 1968 ) .  The milk-fa t is  a l so dige st e d  e a sily , wi t h  

a u t i l i sa t i o n  r a t e  o f  97% : replacement by p o lyun sa tura t e d  

fa t s  ha s been ob served t o  l e a d t o  neuromuscular  di sor de r s ,  
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a s  doe s a fa t-free di et  ( Uuber ,  1968). 

1 .3 .3 Cha nges in nest-prandial  metabol ism and endo-

crinology with devel opment of the young 

ruminant 

The abi l i ty o f  the deve l oping r umen t o  ab sorb 

VFA s ,  ha s b e en e xtensive ly studi ed by Su tton e t  a l , and the 

work reviewed by i.fcGill i a r d  e t  a l  ( 1965 ) .  The t echn i que 

u se d  wa s the capacity of the wa shed rume n to  r emove VFA s 

which ha d b e en a dded via a fi stula . Two gr oup s  of calves 

wer e  studi e d ,  one group l imit e d  t o  a milk-only die t (M ) , and 

the other on hay and gra in wi th l imited supply of milk (MHG ) . 

Gr ou� M showed no change in VFA ab sorb i ng c a pa c i ty from b irth 

to 3 4 weeks of age , whi le group MHG showe d a n  ini t ia l  abrupt 

i ncrea se , foll owe d by a mor e stea dy increa se . Cha nging a 

c n l f  from M t o  MHG at  19 we ek s , r e sult ed in a sudde n  increa se 

in absorpt ive capa c i ty ,  to a leve l whi ch wa s s imilar to the 

other J.1HG c a lve s .  

I n  the same review ( McGill iard et  a l ,  1965), 

ab sorpt ion ha s been shown t o  be dependent on the abi l i ty o f  

t he rumen muc osa t o  metabol i se the VFA s .  Adult rumen t is sue 

and  live r metabol i se d  butyrat e  extensive ly in vitro , to  for m  

ketone bodi e s ,  while t he rumen o f  calves in gr oup M wa s not 

able to do so. It wa s l ikely tha t the production of an 

inducible enzyme wa s r e sponsib le for the differenc e .  

I n  c ontra st  Khour i ( 1966) mea sure d VFA s i n  portal  

blood ,  a nd used  ra dioa c t ive labell ing to observe tha t  the re 

wa s no differenc e in VFA ab sorpt ive capa ci ty of t he rumen a t  

different age s ,  or in VFA metabol i sm in the rumen muc o sa 
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and l iver . He sugge st ed that the re sult s c i t e d  by 

McG i l l i a r d  e t  a l  ( 196 5 )  c oul d b e  su spect  since the pr ocedure 

of wa sh ing out the rumen before e xperiment s ,  pro du ce d  an 

abnormal situ a t i on .  

Kho uri ( 1966 ) a l so studied t he s ub sequent 

me tabol i sm of VFA s in c alve s ,  and ob served that j ugula r blood 

VFA level s b o re almo st no rela t ionship t o  VFA ab sorpt ion by 

the rumen.  T he situa t i on wa s c ompl ica t e d  by the fac t  that 

both butyrR t e  a nd propiona t e  were rapidly met abol i se d  in the 

l iver ( confirme d by evi dence c i t e d  by Jarre t t , 196 8 )  and di d 

not rea ch the peripheral c ircul a t i on .  Moreove r ,  even in 

young ca lve s which were fe d on milk only , a nd which were no t 

producing rume n  VFA s a t  a ll ,  the re wa s evi dence tha t some 

VFA s were neve rthe le s s  pre sent in the pla sma fr om an 

endogenous source . 

I t  has been repe a t e dly ob served ( Huber , 196 f3 )  

tha t  pla sma glucose leve l s  are high i n  the calf a t  b ir th 

( 90 - lOO  mg /100 ml ) ,  decl ine unt il the 6 th or 7th week ,  and 

stab i l i se a t  the adul t level of 5 0 - 60 mg /100 ml . Huber 

( 1968 )  a l so cited  evidence that decre a se s  in blood gl uco se 

level s ,  and  increa se s  in pla sma VFA leve l s ,  both occurred 

from weeks 1 - 6 ,  rega r dle ss of the presence or absence of a 

func tiona l rumen. I t  a p1eared that new-born r umina nt s did  

not  only ma intain higher leve l s  of  blood glu c o se , but  a l so 

they ha d a higher capa c i ty for gluco se u t i l i sa tion a nd turn­

over than older rumi na nt s ,  while older r umina nt s exhib ited  

decrea sed glucose t olera nce , as  indicated  by a n  increa sed 

time taken to remove a glu c o se load from the c i rcul a t io n .  
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The possible endo crinological change s a ssoc iated  

w ith the difference s  between monoga stric  and ruminant 

d igest ion , have been di sc ussed by Ba ssett  ( 1975 ) .  Even 

t ho ugh the a du l t  r uminant ma i nta ine d  l ower pla sma leve l s  of 

glucose , with a l ower t urn-over r a t e , it  st ill  uti l i se d  about  

t en t ime s as  much glucose as  i t  obta ined from foo d ( Jarre tt , 

1968 ) .  Thus the a dult rumina nt wa s de pendent upon glu c o­

neogenic  pa thways  to produce gluc o se ,  ma inly from propi ona te  

R nrl fr om a mino a c ids ( Ba sse t t , 1975 ) . Therefor e ,  the 

devel opment of the rumi na nt wa s likely t o  involve endocrine 

c h a nge s which favoure d  increa s ing ra t e s  of gluconeogene si s  

and gre a t er conserva tion of gluc o se a s  the calf  increa se d in  

az.e and ruminant s t a tu s .  

Ba ssett  ( 1975 ) ha s sta t e d  t ha t  t he r ole of the 

endocrine pancrea s  i s  central in rumi nant s ,  a s  it i s  in 

other a nima l s ,  the sensit i v ity of  ruminant s to insulin b e i ng 

indicate d by d iabetic  sympt oms a s  severe a s  in o ther spe c i e s .  

The role o f  i n sulin  ha s  been de scribed by Ba ssett  ( 1975 ) a s  

follows : 

• 
The role of insul in in the removal of large glucose 

l oads i s  clearly l e s s  i mportant in rumi na nt s than in 

specie s ab sorbing large amount s of gluco se , but rate s 

o f  glucose turnover in  sheep fed a var iety of diet s 

a re closely related t o  pla sma insuli n  c oncentra t ions.  

Since hepa tic  uptake o f  glucose in rumina nt s is  un­

likely, t he principal effect  of insuli n  on gluco se 

metaboli sm in  ruminant s may be t o  increase i t s  

peripheral util i sa t i on • • •  ' 

wherea s  in non-ruminant s ,  i t  promotes  both hepa tic  uptake 

and peripheral ut ili sa t ion . 
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I n  young m ilk-fed l a mb s ,  the pat t e rn o f  i nsulin 

s e cre t i o n fo l l ow i ng fee ding ,  wa s a l mo st i dent i c a l  t o  t hat of 

n o n - r um i na n t s . A s  the r uminan t  m o de of d ige s t i o n  devel ope d ,  

t he r e  wa s a pr o l onga t i on of the dige st i ve pro c e ss , and a 

pa ra l le l  pr o longa t i on o f  the per i od o f  insu l i n  se c r e t i on 

( Ba s se t t , 1975 ) .  I t  wa s no t c l e a r whe ther i n su l in secr e t i on 

a fter  fee di ng i n  a du l t  r uminA nt s wa s c a used pr ima r i ly by 

e n t e r i c hor mone s ,  by VHga l s t i mul a t i on ,  by a mino a c i d s  b e i�g 

ab sorbe d fr om the sma l l  inte s t ine , or by the ab sorp t i o n  o f  

VFA s .  '.'rh i l e  j ugu l 2 r  VF A  i.r.. fu s i o n h a d  a gre a t e r  insul i n -

a t  irnulB t or;y effec t i n  r umii J8nt s t:tan gluco se i n fu s ion 

( r e viewe d o n  p a g e  4 ) ,  t he s ign i fi c a n c e  o f  t he i n su l i n  re sronse 

t o  VF� s is doubt ful b e c a u se an i nc rea se d r umen c on t en t  of VPA s 

W8 S f ou nd not t o  ha ve t he sa me e ffe c t  ( Ba s se t t ,  1972 ) . 
I n  a dult r umin8nt s ,  because of t he nece s s i ty t o  

ma inta i n  b l o od gl uco se leve l s b y  glu c one oge ne s i s ,  the a c t i c n  

o f  glucagon i n  oppo sing i n sul i n  a nd p r omo t i ng gl u c one ogene s i s 

i s  of gre a t  i mpo r t a nce t o  t he gluco se e c on o my . \'/bile l i t t l e  

work ha s y e t  been ca r r i ed o u t  o n  cont rol o f  glucagon secret io4 

Ba s se t t  ( 1975 ) ob se rve d t hat glucagon and i n su l in a re 

ge neral ly se c r e t e d  t ogeth e r , and that sma l l  cha nge s in t he 

r a t i o of i n sul i n  t o  glucagon may be more i mpor t ant t ha n  

ab solute l e ve l s  o f  e i t he r .  

The sec r e t ion and r ole o f  GH i n  ruminant s h a v e  

been revi ewe d  on page s 8 - 19 o f  t h e  pre sent st u dy , and a s  

w ith insu l in a nd gluc a gon , t he r e i s  no e v i dence t o  indi c a t e  

tha t a d u l t  rumi na nt s requ i r e  spe c i a l  endoc r i ne mecha n i sms t o  

regul a t e  t he i r r a ther spe c i a l i sed mo de or dige st i o n .  

In conc l u si o n ,  the cha nge s a c c ompa nying t he 
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deve l o pment of t he ruminant mo de o f  dige st i o n  fal l  int o two 

c a t ego r i e s .  In o ne c a t egory , the a na t omic a l  change s and s o me 

a spec t s  o f  ruminant phy s i o l ogy , a r e  only abl e  t o  devel op a s  

a r e su l t  of th e change i n  di et a ss oc i a te d  w i t h  weaning . 

O ther change s , par t i c ula r ly tho se g overning gl u cose and VF'A 

leve l s  in the b l o od of fa s t e d  anima l s ,  a ppe a r  t o  b e  

c onst i tut iona l t o  rumina nt s  rea ching a cert a i n age , r ega r d­

le s s  o f  di et . However , t he endo c r i nological  c ontr ol o f  s u c h  

chang e s  i s  not c l ea r  a t  pre sent , a nd the cha nge i n  di e t a ry 

hab it c ould have a more �ro found i nfluenc e on a ll a spe c t s  o f  

ca rbohydra t e  me t abol i sm ,  tha n ha s s o  far been ob ser ve d .  

l . 4. RATIC!�AI,E OF TI-{j!: PRFSR:t-;T STUDY 
Be c a u se some of t he devel opme nta l  change s whi c h  

oc c ur i n  t he g r owth o f  the rum ina nt digest ive sy st e m  a re 

de pe ndent on c ha nge s in di e t , whi l e  other s a r e  not , t he 

pre sent study wa s c a r r ied out with t he a i m  of sepa r a t i ng a s  

fa r a s  po ssib l e , the e ffe c t s  of i ncrea sing age fr om the 

e ffec t s  of rumen deve l o pment . The techni que used by Su t ton 

( hlcG i l liard e t  a l ,  1965 ) wa s a dop t e d  i n  l a t er expe r i ment s here, 

in whi ch one gr oup o f  c a l ve s  wa s fe d on milk only thr• oughout 

t he e xper i ment , whi l e  a nother wa s fe d on hay and me a l ,  w i th 

l i m i t e d  supply o f  milk. The hormo na l  re sponse s of t he two 

gr ou p s  of c a lve s we re c ompa re d w i th e a ch o ther , and w i t h  

the sa me re s p on se s whe n  the c al ve s were new-born , i n  o r de r  t o  

a s ce r t a in wha t  change s may ha ve t aken p l a c e  w i th a n  increa se 

i n  a ge but no r ume n fee ding , or w i th the sa me inc rea s e  in age 

p l u s  a cha nge to the r u minant mode of dige st ion.  

In a prel i minary exper iment , ve ry young suckli ng 
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c A l v e s  we r e  st ud i e d  i n  o r de r  t o  mea sur e ba sa l  pla sm8 l evel s 

o f  i n su l i n , gr o w t h  h or morJe  ( GTI ) a n d  p r ol a c t i n ,  Fi nd t o  ob s r-: r ve 

v � r i 8 t i o n s  b o t h  a s s o c i A t e d  wi t h ,  n n� A ft er , m i lk-fe e d i nE ,  n n1 

· � l s c' t o  ob serve c hr• nge s t h r ougho u t  the h our s of dny l i gt t . 
: : ub s e qu e nt. ly , 8 �·, i l o t e xpe r i m ent wa s ca rri e d  o u t  i n  wh ich 

f o u r  m i l k - fe d  Cct l  ves we re g i v en i n t 1• a veno u s  d os e s o f  me t r1 -

b o l i  t e s  which lHw e b e e n  ob serve d t o  hn ve a n  i nfl ue nc e o n  

1 L-� :::;mrt leve l s  o f  i n su l i n  o n d /o r G H  i n  severa l o t h e r  spe c ie s . 

Bc c ,� u se of· the i nvolvemen t  o f  i n su l i n  a n d  GH wi t h  c a r1:: o hy dru t e  

met ab ol i s m , gluc o se wA s t e s t e d  f i r s t , f o l l owe d b y  a mi xture 

o f  t he t hr e e  VJ.'/\ s ( a c e ta t e , pro p i o ns t e  and b u tyra t e ) wh ich 

a r e pr o du c e d a s  o re sul t of r � men fe r me nt a t i o n .  F i na l ly ,  

i n t ra ve no u s  sa l i cyl a t e  wa s t e st e d , b e c a u s e  t h i s ha d b ee n  

ob serve d t o  c a u se o de c re 8 se in f r e e  fo t ty a c i d  l e v e l s ,  

re su l t i n £  i n  a l s 1•ge i ncr ·ea se i n  GH se cr·e t i o n  i n  she e p  

( He r t e l e n dy o nd K i pni s ,  19 73 ) .  

I n  the thi r d  e x�e r i me nt , f i ve-we ek - o l d  m i l k-fe d 

c a lve s ( gr oup 1.15 ) and five -week -o l d  r um i na nt c a l ve s  ( gr o u l' 

R5 ) we re c o mpa r e d  w i t h  new-b o r n  c e l v e s  ( gr o u p  Ml ) , i n  t he i r  

r e sponse t o  i n t r a veno u s  a rgi n i n e . Be c a u s e  a r g i nine ha s L ee n  

sr: c.�wn t r.� e l i c i t  secrE: t i o n  i n  shee p ,  of a l l  t h r e e  o f  t h e  

h o r u;c1 n c s  s t u d i e d  here ( Da v i s ,  197 ?) , i t  se eme d t o  b e  A u se ful 

t o e: l for n :-:.;.:: e s s i ng cta nge s i n  r e s po n s i vene s s  o f  t he hc rmo ne s , 

c; s so c i � t e d  wi t h  o ge a nd ;or d i e t .  

I n  t he fourth e xpe r i me nt , a more de t a i l e d  i n­

ve s t igr; t i on o f  cn rbo hy drn t e  me tabcl i sm wa s ma de ,  a ga i n  u s i ng 

c a lve s wh ich ha d be e n t r e a t e d  a s  M5 and R5 , a nd c om:pa r i ng 

t h e m  w i th Ml . Two d i ffe re nt treat �ent s were given o n  

d i f fe re nt dny s  o f  ea ch sa mpl i nr week : o ne wa s a n  i n t ra v e no u s  
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F i n a l ly ,  a report i s  pr e s e nt e d  o f  some work don e 

by t he a u tho r i n  c o l l ab o ra t i on wi t h  Dr . J . M .  Go ode n �  w i th 

she e p .  P l a sma sa mr: l e s  f r o m  l a mb s ,  t o g e t he r  wi th the i r  

r e spe c t ive ewe s , were s t u d i e d  b e f o r e  a n d  a f t e r  the t i me o f  

we a n i ng . Sa mr, l i ng t o ok pl a c e 1 1 efo re a nd a f t er the lR mb s  

a n d  ewe s w e r e  given a c c e s s  t o  f ee d ,  o r  t o  e a ch o t he r  f o r  t he 

purpo se o f  suckl i ng ,  a nd ,  on ano t her dRy , t he e ffe c t  o f  

i nt rave no u s  argi ni ne wa s t e s t e d .  I t  wa s o f  i nt e r e s t  t o  

c ompn re the r e su l t s wi t h  r e sul t s  o f  Expe r i ment 1 a n d  3 with  

c B l ve s .  

I n  a l l  e xpe r i ment s i nvolving int r a ve no u s  

n d m i n i s t ra t i on o f  me t abol i t e s  t o  ca lve s ,  t here we re c o n t r o l  

d ;-tys whe n  e i th er n c t h i ng WA S g i v e n , or rhy si ol ogi c n l s ::� l i ne , 

o r  s t r onger sa l i ne t o  c on t r o l  f or s t r onger i o n i c  so l ut io ns 

be i ng a dm i n i s t e re d dur ing t he t rea t me n t  day s .  I n  a dd i t i o n  

t o  t he t h r e e  hor mone s , gl t ' C ') Ce l eve l s  were a l s o a s sa y e d  i n  

a l l  blood sample s  from Experiment s 2 - 4.  The hormone s 

were mea sured by double a nt ib o dy radio-immuno a s says for 

which ant ibodie s were rai se d  during the c ourse of study .  

� � ppl i e d  Bi ochem i s t ry D i v i s i on ,  D. S . I . R . ,  Pa l me r s t o n  No r th . 
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CHl\ FTETI T'NO : 

Mfl,TY·�R J � LS I METHODS ,'\ND PEVELOPMENT OF YRTHCDS 

� . 1 .AN I M!\LS, CATHETERISt\T IOF ,'\l\TD BLO OD SAMPLING 
� . 1 . 1  � ni ma ls and cetheter i sa t i on 

The c alve s were fema l e  Jersey -Fr i e sian cross­

bre d s  ob tn i ned at  2 - 4 day s  of A ee from the Ma ssey Univers ity 

No . l  DA i ry Uni t .  For the dur• R t i o n  c f  the experiment s ,  

they wer· e housed indo ors  i n  individua l pen s .  

Ca lves  we re c a theteri sed wi th 6 0-cm ,  14-ga uge 

polye thylene c atheters i n  the jugular ve in . In  Experiment 

1, ca the ter s of different ma t e r ia l s  were used with varying 

degree s  of succe ss : the flexib il i ty prope r t i e s  o f  �olyvir� l  

And teflon were found t o  be  infer ior . From t he end of 

Expe riment 1 onwards , 1Ba r dic-I  • ca the ter s ( C . R .  Ba rd 

Int erna t i ona l Lt d. , Sunderland ,  U . K . ) were u se d  c onsi stently .  

During the pr ocedure of ca the ter i sa t ion , a l ocal  ana e sthe t i c  

o f  �sl oca ine* a lone ( A st ra Pharma c eu t i ca l s ,  Au st ralia , Ltd . ) 

wa s f ound t o  be unsa t i sfa c t ory , a nd from  the end of Experiment 

1 onwa rds , ca lve s  we re i mmobil i sed wi th 0 . 25 ml of' Rompun"* 

( Bny6 r Leverku sen , Germany ) g iven intramu scularly . The 

immob il i sing e ffec t of Rompun la sted  for 20 minute s ,  a n  

8ppropria t e  length o f  t ime t o  comple te  the c a thet er i sa ti on 

pi·o ce dure . On the rn re occA sions  when the c a the t eri sa t ion· 

d i d no t go smo othly , i t  wa s ne c e s sary t o  give a second 0 . 25 

ml injection  o f  Rcmpun a fter  the fir st 20-minute  per io d  wa s 

over . On no o cca sion did  blood sampl ing c omme nce unt i l  24 

hour s a fter  t he Rompun inj e c t ion ,  so tha t t he anima l s  ha d 

rec overe d from rel a t ively l ong-term effe c t s  of Rompun . 

*Xyloca ine : l i gnoca ine , Rompun : xyla z ine . 
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�ate ncy o f  c a the t e r s  wa s ma i n ta ined by fill i ng 

them with l ml of st e r i l e  hepa r ini sed sa l ine ( 200 I . U . 
hepa r i n /ml , Eva ns Med i ca l  Suppl i e s  Lt d . , U . K . ) ,  whe never 

sa mnl ing wa s not in progre s s .  Whi l e  Bar d i c - I  ca the t e r s  

were used , pa t e ncy wa s maint a i ne d  f o r  a s  long a s  de sired 

in � o :, o f  C 8 Se s .  I n  Exper i ment 2 , some c a the t e r s  r e ma ine d  

pa tent fo r a three-week per i o d .  

The mo st sa t i sfa c t ory me thod of prevent ing 

k i nk i ng of C 8 t he t e r s  wa s for t he ca the t e r s  to be i n se r t e d  

a s  fo l lows . The c a t he t e r  wa s i n se r t e d  in a po st e r i o r  

rl i re c t i o n  i n t o  t he jugula r ve in in orde r  t o  mi nimi se kink i ng 

C A U Se d  by move ment o f  the nec k  o f  t he c a lf . A t  the point  o f  

e n t ry i n t o  the skin ab ove t he ve i n ,  a �-cm by 5-cm piece of 

su rgicn l s t i ck i ng pl a s t er WA S wra ppe d  a round the ca the t e r  

i n  suc h  a way a s  t o  for m  a 
I I 
t ab o f  pla ster , whi c h  wa s 

s t itched o n  t o  t he skin of the c a l f ,  preve nt i n� the c a t he t e r  

from sl ipp i ng out , but a l s o  a l l ow i ng flexib i l i ty o f  move me n t . 

The rema inder of the tub i ng out side t he calf ,  wa s a t t a ch e d  

over t he shoulde r  and ba ck o f  the a n i ma l ,  by mea ns of a 

serie s of 4- - 6 ' ma ttre s s  s t i t che s • .  The ca t he ter wa s thu s  

g iven fre e  moveme nt through the s t i t c he s  s o  tha t move ment s 

of the c a lf did not sub j e c t  the c a t he t er to a ny stra in . 

? . 1 . ? Hea l t h and mai ntenance of calves 

Be ca use of t he r i sk o f  infec t i o n , ei ther through 

the CA t he t er o r  thr oug!1 the inc i s i o n  where the ea the t e r  wn s 

pa s se d  t hr o ugh the skin , 2 ml Tripl open ( Gl a x o  Labo ra t or ie s ,  

Pa l mer st on Kor th ) wa s in j e c t e d  intramu scu l a r ly on a l t e rna t e  

days . In or der t o  checlc f o r  po s s ible int r o duc t i on o f  
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pyrogens or infe c t i on s  into the blood ,  the calves 1 rectal  

t e mpe ra ture s were moni tored four t i me s ( a t approximat ely 

ho urly int erval s )  throughout t he sa mpl i ng day s  i n  Experiment 3 .  

From t he b eg i nni ng o f  F.xperiment 2 ,  care wa s 

taken t o  ensure thA t  c al ve s  di d not become anaemi c . Blood  

sa mples  were t aken so th a t  t he volume of  bl o od removed did 

not e xcee d 10� of the t o tal b l o o d  volume of t he smalle st 

c3lf ( Swen son,  1970,  give s 57 ml blood /kg body we ight  a s  

the blood volume of c a lve s ) .  The a ddit iona l  precaution  of 

supplement i ng milk wi th l OO mg FeS0 4. 7H 20 per c alf per day , 

wa s also t ake n .  

Ca lve s i n  Experiment 1 suckle d twice e a ch day 

( between 8 . 45 and 9 . 15 hr and b etween 15 .3 0  and 16 . 3 0  hr ) 

fr om a l a c t a t ing cow . They were all owed acce ss t o  sol i d  

fee d  in t he form of mea l  ( NZ Fa rm Produc t s  Lt d. , Ra t ion 1 0 2 ,  

see Table I )  wi th 1 01 by weight o f  hay mixe d  wi th it . 

Table I .  Compo si t i on of mea l fed to  calve s . 

Ra t i on 102 . NZ Farm Product s Lt d .  

Ingredi ent 1 weight 

Ba rley 4-3 

Ma i ze 20. 5 

Mea t  mea l  1 7  

Pollard 5 . 5  

Mola s se s  5 

Ma lt culmings 4 . 5 

Sugar 3 
Sa lt ( NaCl ) 1 

Lime 0 . 5  

Flavouring 0 . 025 



In a l l  o t her e xperi ment s ,  milk wa s g iven only once a day , 

a ft er the blood samp l i ng for tha t day wa s comple t e , a t  ab ou t 

14 . 00 hour s .  Therefore the m ilk-fed c a l ve s  ha d a lway s fa sted 

for  �0 - 22 hou r s a t  t he t i me of b l o o d  sampl ing , whi ch 

u sua l ly c or�men c e d  b e t we e n  9 .  00 and 1 0 . 00 hour s .  A l l  c a lve s 

we re g i v e n  free a c c e s s  t o  dr ink i ng wa t e r . 

In E xpe r i ment s 3 and 4 ,  m i l k-fe d  ca lve s wer e  

given m i l k  thr ough a t ea t  i n  orde r  t o  st imul a te oe sophag e a l  

gr oove c l osure a n d  prevent rumina t i on ( (}r skov , 197 2 ) .  

Rum ina nt C3 lve s were g iven free a c c e s s  a t  all t ime s t o  mea l 

( se e  Table I ) a n d  were fe d milk o nc e  a day f rom a bucke t . In 

both diet grour; s ,  the da i ly ene rgy intalce wa s a dj us t e d  t o  

t ha t  r e qui red for a body we i ght ga i n  o f  0 . 3  kg per day i n  

Exper i ment 3 ,  a nd 0. 5 kg per day i n  Exper iment 4 .  The 

r u m i na nt calve s ' milk supply wa s dependent upon t he we ight 

o f  mea l  eaten dur i ng the p revi o us 24 hour s .  Fe ed re qu i re ­

ment s were c a l c u l a t e d  a c co rding t o  t he figu r e s  i n  T ab l e  I I , 

whi c h  were obt a ined from Dr . A. W . F . Davey 1 , per s .  c omm . 

'T'rble J I  Da ily energy r e g ui rement s o f  c a lve s ,  a nd 

d i ge s t ible e nergy o f  m i l k  a nd mea l 

Da i ly energy requ irement s of calyes 

For ma intena nce , per kg b o dy wei ght 0 . ?.05 MJ 

Fo r e a ch kg b o dy wei ght g a in pe r day 14 . 016 MJ 

Digestible energy of m ilk and meal 

H i l k  3 . 13 8  MJ d i ge s t ible energy /leg who l e  milk 

Me a l  13 . 3 89 MJ dige s t ible e nergy /leg dry ma t te r  o f'  me a l  

1 Department o f  Dairy Hu sbandry , Ma seey University . 
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2. 1 .3 Bl ood sa mrl ing 

Each blood  sn mple wa s wi thdrawn by means o f  a 

5 - m l  syringe . The fi r st 1 . 5 ml wa s di scarded since it wa s 

ma inly hepa r i n i sed sa l i ne , a nd a l s o the ca the ter wa s f l u she d 

ou t w ith b l o od of  the sa me comr o sition a s  the sampl e , a s  a 

r e su l t o f  di sc arding a gre a t e r  volu me than the vo lume of t h e  

c a the ter ( 1  ml ) .  A 3 -ml sa mrle  wa s then wi thdrawn , s n d  1 

ml of s t e r i l e  her-ar ini sed sa l ine ( 200 IU /ml ) wa s imme d i n t e ly 

flu she d i n t o the ca theter from anoth er sy ringe , taking care  

no t t o  le t a ny a ir i nto  the c a t heter . In  Expe r i ment 1 , 

hepa r i n  a t  a final c onc ent ra t ion of 60 IU /ml bloo d ,  wa s use d 

a s  anti coagulant . For a l l  other experi ment s ,  sample s we r e  

t ran sfe rred fr om the syringe into 5 -ml t ube s ( •vacu ta i ner ' , 

Be c t on-D i ck i n son Co . ,  USA ) i n  i ce .  The t ube s c onta ine d  

7 . 2 mg d i so dium e thylene dia mine te tra -ace ta te ( EDTA ) 
d i s solve d in  0 . 048 ml o f  wa ter , a s ant i c oagulant . Sa mple s  

were c ent r i fuge d ,  and  the pla sma ( except for a 50 �1 a l i qu o t  

wh i c h  wa s u sed for t he gluco se a ssay ) wa s fro zen wi thin 3 0  

m inute s o f  tak ing each sa mple . 

:rJ,.'� ::HtA GLUCOSE ASSAY 

�. ':1 , 1  Method 

The pro tein in the 50-�1 a l i qu o t  which had been 

re move d from e a ch pla sma sa myle before free zing ,  wa s 

prec ipi ta ted  with  o.  ·3 N  Ba S0 4 ( Ca raway , 1970 ) . Gluco se i n  

the supernatant wa s a s sayed o n  the same day a s  blo od sampl ing ,  

by the glu c o se ox i da se metho d de scribed by Caraway ( 19 7 0 ) 

u sing glucose oxi da se ( Fermc ozyme , Hughe s a nd Hughe s Lt d . , 

England ) ,  hor seradi sh peroxida se ( Sigma Che mi c a l  Co . ,  Type  II ) 
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n nd o -diani sidine d ihydrochloride a s  t he oY.ygen a c c ept or . 

Five leve l s  of a glu c o se s t a ndard  ( 0 ,  40 , 80 , 1 20 ,  and 16 0 

mg /100 ml , May and Baker Ltd. ) were inc lu ded in  e a ch a s say , 

n n d  the ab sorbance o f  all  standa rds and sample s n t  49 0  nm 

wa s me a sure d on a Uni cam SP 5 00 spectrophotometer .  The 

gluc o se c oncent ra t ions o f  sample s were calculated  from the 

average l i near rela t i onshi p :produced when all the standards  

within o ne a ssay were taken into a c c o unt . 

An ana ly si s  of var iance wa s carried out on the 

resul t s  of all the gluco se a ssays :performed during Expe r i ment 

? . 2 . 2 Results 

For Experiment 3 ,  a t ot a l  of  2 2  a ssays were  

cnrrie d  out . There wa s a l inear re l a t i onship  between 

ab sorbance and glucose c oncentra tion  wi thin the range o f  

glu cose c oncentrat i ons ob serve d.  The mean ab sorbanc e  .;t 

the standard err or• for the 80  mg /100 ml standard ,  wa s 

0 . 099 .:t. 0 .  00093 7 .  Of' the variance compone nt s c ontribut i ng 

t o  t he standard e rror ,  only 1 . 76% wa s contributed by the 

difference be tween repl ic a t e s  wit hi n  e a ch a s say , the r e ma inder 

be i ng contribute d  by the di fference b etween sample s .  
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The hormones use d  for radioac t ive tracers ,  for 

standa r ds in the ra di o - i mmunoa s says , and for ra i s ing 

a n t ibodi e s , were a s  f ollows : -

Insulin : crystall ine bovine pancreat ic  insul in 

from Sigma Chemica l Co . , Lot No . 121C-13 50 : 26 . 4  inter­

na tional uni t s  ( IU ) /mg .  

Growth hormone : bovine GH , NIH-GH-B8 1 

Prolactin : bovi ne prol a c t i n, NI H-P-Bl 1 

Fu rthe r pur ificat ion of both GH and prolactin  wa s carried  

out by ion  excha nge chroma togra phy on  D"B:.L\E-cel lulo se 

a cc ordi ng t o  t he method de scr ibed by Hart et a l , ( 1975 ) .  

2.3 . � Procedure for raising antibodies and isolating 

co.rrier protein 

Ant ibo di e s  t o  a l l  three hormone s were ra i se d  in  

guinea pigs i mmuni se d  wi th hor mo ne conjuga t e d  to  b ovine 

thyroglobulin or to bovi ne serum a lbumin , or in t he c a se 

of insulin ,  wi th polyme r i se d  in sulin .  I n  each ca se , t he 

bov i ne hormone wo. s c onj uga t.e d  to bovine thyr oglobul in o r  

bovine serum a lbumin (bo th from Sigma Chemi cal  Co . ,  Lo t N o .  

83 C-816 0 and 24C-1740 re spec t ive ly ) by the method o f  Frohma n 

e t  a l  ( 1970 ) , or insulin wa s polymer i sed u sing die thyl 

pyroca rb onate , by the me thod of Nol f  e t  a l  ( 1970 ) .  The 

hormone pre para t ion,  0 . 25 mg di s solved in 0 . 5  ml sterile  

sal ine a nd emul sifi ed with  a n  e qua l volume of Freunds 

1 The author wi she s to thank Profe s sor A . E .  Wilhelmi of the 

Na t ional Inst i tute  of Hea l th ,  USA , for the generous gift of  

gr owth  hormone a nd prolactin  t o  Pro fessor D . S . Flux.  
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c omplete  a d j uvant ( Bac t o  A d juvant , Difc o Labora t or i e s ) ,  

wa s injected  into  guinea pigs a t  mul t iple subcuta ne ous  sit e s ,  

a n d  inje c t ions were repea t e d  a t  ar proxima tely monthly 

i nterva l s  for 4 to  6 month s .  1Booster 1 inj e c t i on s  of the 

fre e  hcrmone in sterile :phy siologica l  sal ine were then 

g iven at monthly interva l s ,  and pla sma c ont a i ning ant ib o d i e s  

wa s collected  b y  heart puncture , 7 to  10 day s  a ft e r  e a ch 

I I 
bo ost er • 

For t he ra i sing o f  sec ond ant ib o die s ,  crude 

pre :par� t i on s o f  guinea  pig ga mmA globulin ( Gp� ) were ma de 

by ' sal t i ng out 1 pla sma from normal gu ineA p igs , with  3 3" �  
( NH 4 ) 2S0 4• La rger molecule s ha d :previou sly been prec ipi t a t e d  

w i t h  18 � ( NH 4 ) 2S0 4, a n d  t he 33 � prec ipita te  wa s then 

wa shed twice  in 40% ( NH 4 ) 2so 4,  dia lyse d aga inst 0 . 1  M 

NH 4HC03  and lyophili se d .  The GP� wa s inj e c t e d  into sheep  

and rabb i t s ,  following the same :procedure de scr ibed above 

for the hormone s ,  only wi thout any prior c on j uga t ion or 

:polymeri sa t io n .  

The GP� :prepare d by the sa me ' sal t ing out ' 

process  de scribe d above , wa s a l so used a s  the c arrier 

pro te in ( Ske l ley et a l , 1973 ) added to  a ssay tubes in orde r  

t o  increa se t he amount o f  ant igen  t o  the second antib odie s .  

? . 1 .3 1 2 51-lAbelled hormones 

( a )  Preparation 
Ra dioact ively l ab e l le d  hormone s were :pre pared 

using l 8 5_ I - sodium iodi de in sodium hydroxi de solu t i on from 

t he Ra dio chemical  Ce ntre , Ame r sha m, U . K. , by a modifi c a t ion 

of  the c hl oramine-T me tho d of  Greenwood e t  al ( 1963 ) .  I t  
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wa s found t o  be nece s sary t o  di ssolve GH in 2 M urea at 

room te mpe rature for 1 - 2 hour s before i odina t i on ( Ha r t  

e t  al , 19 75 ) .  Sephadex G-50 ( Pharma c ia ) column s  were used  

to  sepa ra te prot e i n-bound from free i odine a fter iodina t i ng 

GH and prolact i n ,  a nd cellulose ace tate  powder wa s u se d  for 

insul i n  ( Ber son a nd Ya low , 196 1 ) according to a me thod 

obta ined by per sonal commun i c a t ion from Dr . R . A .  Donald 1 •  

Effluent frac t i ons were c ollec ted i n  d iluent pla sma ( see  

page 54 )  to  a f ina l concentra t ion of 1 �� pla sma ( the pla sma 

ha s been shown t o  retard aggrega t i on of hormone s in  solu t i on 

( Van Or den , 1972 ) ) ,  and st ore d at  4 ° C or  - 20°C unti l  u se . 

(b ) Purification 

I t wa s ob served t ha t  repl ica tion between 

dupl i c a te tube s a nd a l so the level of bindi ng of l abelled 

hormone s in t he ra dio-immunoa s say ( R IA ) , were both severely 

impa ire d  i f  a preparat ion of l abelle d hormone wa s u sed  more 

than 3 - 4 week s after i odina t i on .  A 1 c m  x 24 cm Sephadex 

G-100 ( Pharma c i a ) column wa s se t up and  molecular we ight 

ma rke r s  ( bovine serum a lbumin , ova lbumin,  myogl obin a nd 

ribonucleA se ) were run through i t  in  0 . 05 M pho sphat e  

buffer a t  pH 7 . 4 ,  t o  a scerta in  the e lu t ion volume for each 

molecular  we ight . 1\ prepara t ion of 1 abelled GH fr om a n  

i o dina t ion carr i e d  out 1 month earl ier , wa s run through t he 

sa me column in  0 . 0 25 M bora te buffer at pH 8 . 4 ,  and the 

e lut ion pa ttern i s  shown in F igure 1 .  A large peak of 

ra dio a c t i vi ty wa s elut ed  in  the voi d  volume , indic a t ing 

the pre sence o f  GH which wa s e i ther aggrega te d o r  bound t o  

1 Pr inc e s s  Margaret H o sp i ta l ,  Chri stchurch , N . Z . 
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one o f  the prote ins in the d iluent pl a sma . The second 

l arge pe8k corre sponde d to a molecular  weight of about 

20 , 000 da l t ons , and wa s pr obably GH in monome r ic form 
I 

( Andrews and Folley , 1963 ) .  A furthe r st udy ,  c ompar i ng 

fre shly i odina t e d  with  3 -month -ol d l abelled GH on a la rger 

column ( Figure 2 )  ind i c a t e d  a third peak of very sma ll 

molecular  si ze , pre sumably c orre spondi ng to break-down 

produ c t s  of GH. In  the fre shly- io dina ted  preparation , b o t h  

aggrega t e  and fragme nt s  we re  ve ry much l e s s  evident , the 

hormone apparently be ing ma inly pre sent in monomer ic  for m .  

For r out ine a ssays ,  fra c t i ona tion  o n  Sepha dex 

G-100 wa s carr i e d  out e ve ry three weeks and only tho se 

fra c t i ons which c orre sponde d  to  'monomer were u sed : grea t 

i mprovement in a ssay qu a l i ty wa s ob serve d a s  a re sul t . 

Diluent ple sma 

Evi dence from studie s o f  b indi ng labelle d  

hormone s in the presence o f  va ry i ng concent ra t i ons o f  b ovine 

serum a lbumin suggested that prote in c oncent ra t i on i nfluenc e d  

the l eve l o f  b inding ,  a nd would thu s be important i n  the 

relat ionshi p between the b indi ng of standa r d  hormone s and 

of hor nm ne s  in pla sma sa mple s .  In order to e quali se t he 

prot e i n  c oncentra t ion , i t  wa s nec e ssa ry t o  make up the 

sta ndards in a solut ion which wa s t he same a s  the pla sma 

sample s  in i t s  composi t i o n : for GH a nd prol a c t i n  a s say s ,  

human pla Rma , wi th c i t ra t e  a s  ant i c oa gulant , wa s u se d ,  si nc e  

huma n and bovine GH a n d  prola c t in d o  not cross-reac t 

i mmunol ogica lly ( Haya shi da and Li , 19 59 ) .  The similar i ty 

of insu l in st ruc ture between spe c i e s  precluded the u se o f  
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untreated  pla sma from other spec ie s i n  th e insuli n  a ssay .  

Therefor e ,  insul in wa s remove d from pla sma according t o  the 

fol l owing procedu r e .  

Several l i t r e s  o f  b ovine b l o o d  were collec t e d  

from the Longburn free zing works , using diso dium e thyl e ne 

dia mine te t ra -a c e t a t e  ( EDTA ) a t  0 . 01 M a s  ant ic oagulant . 

The pla sma wa s separated  by centrifuga t i on,  and st irred for 

1 hour a t  4 ° C ,  wi th lC% by weight of decolou r i sing charcoal  

( May a nd Baker Lt d .  ) • The cha rcoal wa s sepa ra t ed fir st by 

pa ssing through 1Nha t man No . 1 fil ter paper , and then fi ner 

par t ic le s were remove d by centrifuga t ion a t  1 2 , 000 r . p . m . 

for 45 minute s i n  a n  MSE centr ifuge . I t  wa s fre quent ly found 

at thi s s t a ge t ha t  a clot  fo r med in t he pla sma . Clo t  

forma t i on wa s of great  a ssi st ance i n  the sepa r a t ion of 

charcoal fine s ,  a s  the fine s were inc orpora t e d  in the c l ot , 

leavi ng t he pla sma charcoal - free . The charcoal-t rea t e d  

pla sma wa s store d fr ozen i n  1 0-ml a l i quot s .  Before u se in 

the R. S say , a l l  diluent pla sma wa s pa ssed through a 0 . 45 11 m  

fil ter ( Mill ipo re , Type HA ) .  

Procedure for each assay 

The a ssay pr oce dure wa s the sa me for all  three 

hormone s and is shown in Table I I I .  A ssay s we re carr i e d  o ut 

in 3 -ml pla st ic  LP3 tube s ( Luckha m Co . , England ) .  

Sta n��rds wer e  made u p  in di luent plasma , a nd 

100 11l of each standa r d  wa s a s sayed in t r iplica t e .  

Prepa r a t ion of st ock sta ndar d  solut ions  wa s a s  foll ow s : a 

sma l l  a mount ( <  50 �-Lg ) of hormone wa s accurat ely we ighed 

using a Cahn Elec trob a la nce , and di ssolved in a n  a ppropr iate  
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Reagent s a nd pro c e dures for ra dio-immunoa ssays 

Volume of 
reagent 

100 �1 

lOO �1 

lOO �1 

Reagent 

Pla sma � 

2% diluent pla sma 2 i n  PBS3 + EDTA 4 
c onta ining fi r st ant ibodi e s  at  a 

final di luti on of 1 : 40 , 000 - 80, 000 

2% diluent pla sma in PBS + EDTA 
c onta i ning GP� a t  0 . 6 - 1 . 2 �g /100  �1 

Each tube mixed  on a cycl e-mixer  

Incubat e d  a t  room tempera tur e .  

5 0  � 1  l 2 5I-labelled bovine hormone di luted  

in 2 1  di luent pla sma in PBS + �DTA 
to  5 , 000 count s per minute ( cpm ) 

Eac h  t ube mixe d o n  a cyc le-mi xe r  

Incuba t e d  a t  room tempera ture 

5 0  �1 Ant ibodi e s  a ga inst GP� at a 

pla sma dilut ion of 1 : 2 - 1 : 50 

in PBS + EDTA 
Each tube mixe d  on a cyc l e-mixer 

Plac e d  i n  a refrigera tor  at 4 ° C 

5 All t ubes  centr i fuge d a t  2 , 000 rpm for 

30  m i nu t e s  at 4° C ,  a nd superna tant a spira t e d .  

Pre c ipitat e s  count ed  i n  a Packa rd Aut o  � Count er 

Mode l 5285 . 

l l OO �1 pla sma wa s any one o f  the following : 

l OO �1 pla sma sa mple , hormone to  be  mea sured 

50 �1 pla sma sa mple + 50 �1 dilu�nt pla sma 

100 �1 diluent pla sma c onta ining standa rd hormone 

2 Human pla sr� or charcoa l-trea t e d  bovine pla sma . 

3 Pho spha te buffe red 9'� sal ine a t  pH 7 . 4 ,  0 . 05 M pho spha t e .  

4 Di sodium ethylene diamine tetra -ac e ta te a t  0 . 01 M 
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volume o f  1 0� diluent pla sma in pho sphat e  buffere d saline 

( 0 . 05 M pho sphate in 0-q % U Cl. nt  pH 7 . 4 ,  a L.brevia te d  t o  I- BS )  

containing di sodium e thylene diamine tetra-a cetate  a t  0 . 01 M 

( EDTA ) ,  t o  make a st ock st andard solut ion at l �g /ml . The 

() 
st ock solut ion wa s st ored in  200 �l al i quot s at -20 C .  On 

the day of the a ssay , a single a l i quot wa s t hawed ,  and 

di luted wi tl1 di luent pla sma t o  stand ar d  solut ions serially 

diluted from 1 2 . 8 ng /ml t o  5 0  pg /ml for insu l i n ,  and from 

1 �8 ng /ml to 0 . 5  ng /ml for GH and  prola c t i n .  

Two dilut ions of e ach 
I I 
unknown pla sma sample 

( lOO �l a nd 50 �l ) were a ssayed in dupl i c a te , with addi t ion 

of 50 �l  of  diluent pla sma where nece s sa ry ,  t o  e qual i se t he 

pla sma concentrat ion .  Ea ch a s say also  c onta ined 2 t o  4 
I I 
standa rd pla sma samples : pla sma from large pool s  wi th 

previ ously est imated  hormone leve l s ,  which provi de d  an 

addi t i onal means of re ading hormone l evels  fr om the 
I 
unknown 

I 
pla sma sa mrle s .  The standard pla sma samfle s provi ded a 

valuable check and a means o f  a s se ssing var i a nce between 

a ssay s .  

A s  seen i n  Table  I I I , the final st age of t he 

a ssay procedure wa s t he count ing of t he 1 2 5r ra dia t i on in 

the pre c ipitate  in each tube . The re sult s ,  e xpre ssed a s  

c ount s per minute ,  were proce s sed on a computer ( IBM Mode l 

16 2 0 )  u si ng a progra mme deve l ope d by Pr ofe ssor R . E .  Munford 1  

( pers . c omm. ) ba sed on Burger et al , ( l97 2 ) . The untransforme d  

standa rd  curve da t a  were repre sented by t he following 

equa t i on .  

1Depar tment o f  Physiology and Ana tomy , Ma s se:l Univer si ty .  



A 
Y = E + e 

C + X 

whe re Y wa s the a mount of radioac t ive hormone bound by first 

ant ibody,  and X was the amount of non-ra dioact ive hor mone 

pre sent in the t ube . A ,  C and E wer e  const a nt s  which were 

spe cific  for e a ch a ssay , a nd e wa s t he random error . 

De terminat ion of A ,  C a nd E ma de u se of an i t e r a t i ve techni que , 

a nd onc e  t he V8lues  were e st abli shed ,  the a mo unt of hormone 

( �X )  pre sent in ea c h  unknown sa mple wa s calcu l a t e d  fr om the 

e qu a t i on : 

The progra mme inc l ude d  c alcul a t i ons of the 

pre c i s i on t hr oughout the range o f  the standar d  curve ( see 

page 03 ) and a l so the g5� c onf i de nce l imit s ,  ba se d  on t hat  

pre c i sion ,  of  the e st i ma t e s  of hormone leve l s  in each unknown 

pla sma sarnrle . 

VALIDATION OF RADIO-I MMUNOA SSAYS 

Investigation into fa rallelism 

( a ) Introduction 

�hen re sul t s  of a radi o-immunoa s say ( RIA )  were 

plot t ed as in Figure 3 ,  it wa s ob se rved duri ng the c o ur se of 

study ,  tha t there wa s some t ime s a significant diffe rence 

be twe en the slope of the standard  curv e ,  a nd the sl ope 

produced by plott ing the two dilut i ons of the unknown pla sma 

s a mfl e , so that they were t he same di stance a part a s  a 

doub l i ng of hormone conc e nt ra t ion on the X a xi s .  The 

import ance to the a ssay of such a devi a t i on fr om p a ra l le l i sm ,  

ha s been c onc i sely e xpre s se d  by Midgley e t  a l  ( 196g ) :  
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Concent ra t i on of standa r d  insulin  ( pg /ml ) 

Standa r d  curve of an insu l i n  a s say ( sol i d  l ine ) . The 

broken l ine r e pre sent s the level  of non-spec i fi c  b indi ng 

of � 25I -insuli n  in ea ch a s say tube . The shor t ,  sol id  

l ine s are  l ine s jo ining the ! 2 5r ra dia t i on l evel in 

pre c ip i t a t e s  of  two dilu t i on s  o f  e a c h  pla sma sampl e . 

First a nt ibodi e s  were a dde d a t  a final di l u t i on 

of 1 : 72 , 000.  
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1�fuil e  the pre sence of  par alleli sm doe s  not  prove 

similari ty of unknown and standard ,  lack of par a llel i sm 

prove s dissimilarity between hormone s or incubation 

d .  I me 1a • 

Thus the d ifference i n  slope s can  indica te : -

( 1 ) That the a c t i ve mat e rial i n  the st a ndard hormone 

prepara t ion differs from the hormone in naturally occurring 

for m in the pla sma . 

( 2 ) Alterna t i ve ly tha t another factor in  the a ssay 

t ub e s ,  e . g . prote in concent r a t i on ,  or an interfering effe c t  

c a u sed by a nt icoagulant , i s  pro mo t i ng o r  inhibi t ing b indi ng 

in  unknown tube s ,  by c ompari son with standards.  

In the  pre sent study, all  t he RIA s gave sl ope s 

of standar d s  and unknowns that did not differ i n  at lea s t  

a proport io n  o f  the a ssay s .  For prolactin a ssay s ,  there wa s 
I 

no ser i ou s  parallel ism  pr oblem.  For GH a s say s ,  25% of 

a ssays  wi t h  c alf pla sma gave a significant diffe rence between 

sl ope s ,  but  difference s were not  observe d for GH a ssay s 

of sheep and  cow pla sma . For insulin a ssay s , 44% of a l l  ca lf 

and sheep a ssays showed some s ignificant difference s between 

s l ope s .  

Attempt s were made t o  find the cause ( s ) of 

interference , by pur ifY i ng hormone prepara t i ons ,  adj ust ing 

protein  concentra t i on s ,  e t c . The re sult s of the attempt s 

are shown on page s 70 t o  93 , and the degree  o f  succe ss  wa s 

such that the para llel i sm pr oblem wa s able t o  be reduced 

in sub se quent a ssays . 

Many a ssays wer e  repeate d after the paralle l i sm 

proble m ha d been reduced.  Be cause t ime wa s not  unl i mited ,  



however , it  wa s not always possible t o  obtain ade qua te 

pa ra llel ism in every a ssay. Thus the �igure o� 25% 
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�or GH a nd 44% for insulin R s says ,  is  the propor t i on of 

a ssay s which we re a c tua l ly used for obt a ining re sul t s ,  even 

though the re wa s s t i ll a devia t ion from para llel i sm.  The 

u se of suc h  a s say s could be j u st ified a s  fol l ows . 

( 1 ) There wa s no evi dence other than the lack of 

paralle l i s m  in some a s say s ,  tha t  the a s say s were not 

me a suri ng the appropriate  hormone . 

( 2 )  The ab s olute pla sma level s  of hormone s were of 

less  rel evance t o  t he pre se nt study ,  than  relat ive change s 

in leve l s  in re sponse t o  t re a tment s .  

( 3 ) A mat he ma t ical pr ocedure wa s adopte d  whi c h  gave 

a quant i t a tive mea sure of the dev i a t i on from par a llel i sm, 

t ogethe r with a procedure for adj us t i ng the sl ope s of the 

unknowns to make t hem paralle l wi th the standards . The 

re sul t s  thus obt a ined were ver ified by ob servi ng the e ffe c t  

of the p r ocedure on the re su l t s  of s t a ndar d  pla sma sample s  

o f  wh i ch ali quot s were included  i n  eve ry a ssay . '."!here the 

st anda r d  pla sma r e sul t s  were in agre e ment with those of a s says 

which ha d no par alleli sm proble m, the unknown pla sma re sult s 

were c a l culated  using the a dj ust e d  s lope s ,  in order t o  

a sse ss  t he effe c t i vene ss o f  the t re a t ment s .  Although the 

procedure did not define or remove the c ause of dev ia t ions 

fro m  paralle l i sm , i t  wa s a pra c t i c al method  for re duci ng 

the need t o  repe a t  severa l  a ssay s .  



0 . 4- . l (b )  

( i )  

A ssessment of par alle l i sm 

Me thods 

1 .  Criteria  for rout ine a sse ssme nt o f  pa ra lle l i sm 

6 ?.  

For rout ine a s says ,  para lle l i sm wa s a sse ssed for 

each a ssay by plott ing the standards and unknowns a s  in 

Figure 3 ,  and hormone levels for 1 0  to  20 of the unknowns 

were read from the curve for each of the two di lu t i on s .  I f  

the hormone levels obt a ined from the 50 �1 tube s mul t ipl i e d  

by two , wer e  c onsi stent ly more than 20% di fferent from the 

level s obt a i ned from the lOO �1 tube s ,  it wa s conclude d tha t  

t he a ssay wa s faul ty , and fur ther inve st iga t ion wa s r e qu ir e d .  

If  t he difference wa s le s s  than 20%, the a ssay wa s u s e d  for 

obt a ining pla sma hor mone level da ta a c c or di ng to the 

c omputer me thod de scr ibed on pa ge s 57 - 5 8 .  Because e qual 

weight WA S given t o  50  �1 tube s a s  t o  lOO �1 t ube s in 

a sse ssing t he hormone leve l of each samrle , a difference of 

2 0�� be twee n the two diluti ons could give r i se to a final 

a s se ssment which was 10% more or  le ss  than the e s t ima t e d  

hormone leve l  i n  the sample . When a ssays we re consi st ently 

suc c e ssful . the difference between di lutions wa s much l e s s  

than 20� , a nd only a glance · a t the raw dat a  wa s nece ssary 

t o  see tha t the re wa s no cons i s tent di screpa ncy . 

2 .  Ma the mat ical inve st iga t i on of two in sul in a ssays 

A fur ther investiga tion i nt o  the parallel i sm 

of the da ta  was made in two insulin a ssay s ,  one of whi ch wa s 

acceptable , and the other had an una c cept able devia t i on from 

pa ralle l i sm in one consi stent direction for a ll sa mple s .  

For the se two a ssay s ,  three  a sse ssment procedure s  were 

a dopt e d . 
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( A ) The percentage di�ferenc e  betwe en the two leve l s  

a s  rea d  from the stand a rd curve plo t t e d  on l ogar i thmi c  graph 

paper , wa s a sse ssed for 20 unknown sa mple s .  

( B )  An analys i s  o f  va r iance wa s carr ied out on the 

re sult s a s  rea d  from the plot ted standard c urve ( a s in ( A ) ) . 

The re sult s  obt a i ned for each indivi dual tube were use d ,  so 

tha t �or each o� the 20 sa mpl es there were two dilut ions , and 

two r e plicate  t ube s wit hin each d i l ut i on.  

( C ) The d a ta for the p o i nt s on t he s tandard c urve 

w e r e  t ra nsformed so  tha t the count s per minute were e xpr e s sed 

as the l ogit of bound count s ( B )  div ided by c ount s per 

minute bound in the ab sence of any non-radi oact ive hormone 

( B0 ) , and the hormone leve l s  wer e  expre ssed  a s  l og 1 0  pg /ml . 

X = log 1 0 pg /ml 

Y = logit 

The t r ansforme d  c urve �arme d  a stra ight line , which wa s 

use d t o  calculate  the sl ope in a s i mple l inea r  regre s s i on 

a na ly s i s of X o n  Y .  A t e s t  to  a sse ss  the sui tabili ty o� 

the logit trans�orma t ion wa s per�orme d  by correlat ing the 

po int s on the regre ssion  l i ne ,  wi th the trans�ormed po int s 

obt 8 ined from the sta ndard curve d a ta of the a ssay ( Mi dgley 

et  a l , 1969 ) . 

The 20  unknown sa mpl e s  use d in ( A ) and ( B )  

were t ransforme d in the same way a s  the standa r d  curve . 

Each i ndivi dual sample wa s use d  t o  produce a r egre s sion 

line , a nd the 2 0  line s  were averaged to  obt a in a mean 
I I 
unknown slope . Because the lOO �1 unknown t ube had 

e xa ct ly twice a s  much pla s ma ,  and the refore twice a s  much 



of the hor mone to be  mea sur e d ,  a s  the 5 0  �1 tube , calculat i on 

of the sl ope of each unknown involve d t he use of X Value s 

which ha d a 2 : 1 rat i o .  Ea ch X value wa s therefore rea d 

from a graph,  a s  in ( A )  above , and then for e a ch unknown an  

average wa s obta ine d by  giving e qua l weight t o  50  �1  as  t o  

lOO � 1  sa mple s .  The average so  produ c e d  wa s use d  a s  the 

lOO �1 sample , and then divided by two t o  give the corre c t  

rela t ion shi p between i t  and t he 50 � 1  sa mple . 

The re sul t i ng curve s for sta ndards  a nd unknowns 

were we ighted before the regre ssion calcula t i ons , a c cording 

t o  Finney ( 1964 )  and Midgley e t  a l  ( 196g ) ,  u sing the 

var iance of Y ob taine d  from 5 d i fferent standar d  curve s .  The 

a verage sl ope for the 20 unknown sa mples  wa s co mpared with 

the slope o t  the st andar d  curve .  The appropriate  
I 
count s 

per minute 1 da ta required t o  give r e sul t s  of 100 , 500 , 

1 , 00 0  a nd 2 , 000 pg /ml when using the transformed standard 

c urve , were used t o  obtain pg /rnl d at a  fr om t he transforme d  

I I 
unknown curve . The r e sul t s  were c ompare d a s  an a ddit i ona l 

e st i ma t i on of the devi a t i on from paralle li sm .  

( i i ) 

( A ) 
Results 

The hormone levels rea d from a standard curve 

are shown in the l eft-hand c olumna of Table XLIV a a nd b ,  

( page 207-8 ) .  A s say 1 ha d  a n  average percentage di screpa ncy 

betwe en results obta ined from lOO �1 tube s and 50 �1 tube s ,  

o f  7 . 2%, and A s say 2 of 3 1 . 6%:  I t  c a n  b e  seen that even 

though the di screpancy of individua l samples of A s say 1 

wa s ra ther variable , the problem wa s less severe than  i n  

A ssay 2 ,  where a ll the devia tions from  para lle l i sm were 

in the same dire c t i on.  
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Table IV Variance component s from the ana ly s i s  of two 

insulin a s says ,  read from raw standard curve.s 

f\ ssay Source of vari ance Mean Degree s % of t o t a l  
square freedom variance 

1 be twe en dilut ions ( d ) + 0. 00047 1 0 . 45 

between sample s  ( s ) + + +  0 . 10013 19 96 . 54 

d x s i ntera c t ion NS o . o 19 o . o 
re sidua;L o .  003 11 40 3 0 00 ') 

2 d + ++ 0. 61072 1 11 . 054 

8 + + +  0 . 47003 19 84 . 696 

d X S interac t io n  + ++ 0. 00905 19 2 . 399 

re s i dual 0 . 0025 2  4 0  1 . 85 

N S  = n ot significant , + = p<0 . 05 ,  + +  = p<O . Ol , + + + = p<O. OCJ5 

( B ) Table IV shows tha t the propor t i on o f  t otal 

variance contributed  by differences be tween dilut ion s ,  wa s 24 

t i me s  grea ter  in A s say 2 than in  A ssay 1 .  The s igni fica nce of 

the di fference between d i l ut i ons wa s at the 5% level for A s say 

1 ,  and at the 0. 5% level for A s say 2 ,  indi cat ing that the re 

wa s a rea l difference be tween the two a ssay s .  

Tab le Y 95'% fi duc ial  l i mi t s of hormone concentrf!t ion 

a sse ssment s fro m. raw standard c urve s ,  for two 

insulin  a ssays : ba sed on r e s i dual var i a nce . 

Insulin leve l ( pg /ml ) 9 5% fiduc ial l imit s 

lOO 

500 

1 , 000 

2 , 000 

A ssay l A ssay 2 

87 . 8  - 113 . 9  89 . 0  - 11 � . 4  

439 . 1  - 569 . 4  444 . 9  - 56 1 . 9  

878 . 1  - 1 , 13 8 . 8  889 . 8 - 1 . 1 23 . 8 

1 , 756 . 3  - 2 , 277 . 4  1 , 779 . 5 - 2 , 247 - 5  
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Tab le V illu stra t e s  tha t replica t i on between 

tube s within  each a s say , ba sed on the re s i du a l  var i a nce 

given in Tab le IV, wa s a lmo st  ident ical f or the two a ssay s .  

( C ) F'rom the slope s shown in Figure 4 ,  i t  can be 

seen tha t  the 95% fiducial  l imi t s  o f  e a ch slope were s uch 

that they overlappe d over nearly the entire length of the 

standar d  and unknown s lope s in A s say l ,  but the overlap  

only extended for one doubling of the value of X, in A s say 2 .  

The overlap indi c a t e s  that the devi a t ion from pa ral lel i sm 

wa s not signifi cant for A s say 1 ,  and could have occ urred by 

c hance . The devi a t ion from paralle l i sm wa s c onsistent , and 

not a chance occurrence in A s say 2 .  

Table V I  shows the effect  which the devi a t i ons 

from pB r a l l e l i sm had on the hormone da ta  if the different 

slope s were used for conver t i ng the same ' count s per minut e ' 

dAtR to pg /ml . 

Tab le V I  

Insulin 

Di screpancy betwe en r e sult s obta i ned  from 

standar d  curve slo�e . a nd from unknown sample 

sl ope , a s  mea sured  after t ransforming slopes t o  

a straight l ine i n  two insulin a ssay s . 

95/& f i du c i a l  l imit s in parenthe s i s .  

level Insulin level read fr om unknown slope s 
( pg /ml ) read from 
standC� rd sl ope A ssay 1 A s say 2 

lOO 187 ( 155-218 ) 26 0 ( 184-3 27 ) 

500 616 ( 590-637 ) 6 06 ( 53 1-661 ) 

1 , 000 1 , 027 ( 1 , 010-1 , 049 ) 872  ( 840-894 ) 

2 , 000 1 , 714 ( 1 , 6 02-1 , 86 5 ) 1 , 256 ( 1 , 21 1 -1 ,3 27 ) 
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( A )  When  the 1--aralleli sm si t ua t ion wa s a t  i t s  worst , 

a s  in A ssay 2 ,  t here wa s a di fference of about 3 0% between 

t he two dil ut i o ns ,  which wa s c onsi stent throughout the ent ire 

range of sample s .  Thus , if a ll sample s were simply read f'r om 

t he raw standar d  curve , wi th e qua l weight given to both 

dilut ion s ,  t he re sul t s would simply read 15% out , in  one or 

o t her dire c t i o n .  Whil e  such an error could have serious 

c onse quence s i f  the absolute hormone levels  were be ing 

c o mpared be twe en  different a ssays ,  in situations whe re the 

mo st impor tant a spec t s  t o  be c ompa red were include d w i thin 

one B Ssay , the relat ive resul t s  would not be influenc e d ,  

be cause the sa me devia t i on wou l d  a pply t o  all sample s .  

( B ) The finding of a signifi cant di fference  between 

ho rmone l eve l s  e stimated  by di fferent diluti ons depends on 

bo th the mea n  square for 1 dilu t ions 1 , the numerator  in the 

F test , and t he residual mean squa re , ca use d by di fference s 

between repl i c a te tube s within dilutions , or the dilution x 

sa mple int erBc tion mean s quare , used a s  the denominator  in 

the F te st . If  the l a t t er i s  unusua lly sma ll a s  in an a s say 

with very good  preci sion ,  a devia t i on fr om paralle l i sm whi ch 

w ou ld go unde te cted  ( no t  significant ) in a r ougher a ssay , 

would be s i gni fi c a nt .  

Table s IV and V provi de evidence t o  show t ha t  in 

A ssay 1 ,  a typi ca l insul in a ssay wi th paralle l i sm within the 

a cceptable range defi ned on page 6 2 ,  there wa s no significant 

devi a t ion fr om parallel i sm even though the re si dual va riance 

wa s of the same order in  both a ssay s .  
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( C ) Figure 4 and Table VI i llustra te that i�  a 

si mpl e regression ana ly s i s  i s  u se d ,  the devia t ions �rem 

parallel i sm ha d a cumul a t i ve e �fe c t .  There were par t s  o� t he 

curve where the error cau sed by t he devia t i on wa s very sma l l , 

increa sing t owards t he extreme s  o �  the range of hormone l eve l s .  

The s it ua t i on here may be  c ontra ste d  with the proce dure of 

using raw standard curve data , a s  in (A ) ,  in which the % 

error wa s re la t ively c onsistent over t he ent i re range o� 

hor mone level s .  

I �  (C ) i s  u sed a s  a r ou t ine procedure , provi de d 

that the ba sal  hormone level s �ell within the range where 

the error wa s S!M l le st ( in pra c t i ce ,  repeated  mea surement s 

o� sta ndard  pla sma sa mples include d i n  every a s say were 

i mportant �or con�irming that the error wa s smallest  in the 

basal  range ) ,  an increa sing e rror away from the basal  ra nge 

would make very l i tt le diffe rence to the re sul t s .  One 

rea son why thi s  i s  so ,  i s  tha t , �or p i t uitary hormone s 

e specia lly , secret ion occur s in a n  epi sodic pa t te rn ( see 

page 19 ) and the �re quency o�  high bur sts of secre t i on i s  

o �  more int ere st t han the size  o� the h ormone peaks .  

Moreover ,  i �  an acute t rea t ment wa s used t o  e l i c i t  a bur st 

o� hormone secretion ,  the highe st hormo ne level would 

pr obably not c o incide wi th the colle c t ion o� a blood sampl e ,  

and so the b lood sa mple s showing the highe st leve l s  only gave 

an a pproxi ma t ion o� t he extent o� the re sponse . Log 10 

t ransforma t ions o� the hormo ne data  were u se d ,  in o rder t o  

minimi se t he e �fec t  of di��erence s a t  ve ry high hormone 

level s ,  and a larger a ssay e rror i n  the high range i s  

tolerabl e .  
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S i mi larly , whe re the i �g ccuracy bec ame l ar ge 

a t  very l ow hor mone level s ,  the error wa s cons i derabl e  only 

when e xcept i onally l ow indivi dual sa mpl e s  were involve d .  

Rrrors  i n  the range o f  l OO - 200 pg /ml were n o t  a source  of  

c oncern in int erpre t i ng the  b i o l ogi cal  importance of  hormone 

chA nge s .  I t  i s  of i nt ere st  t o  note  that the i nsuli n  a ssay 

pr oduc e d  more a ssays  with a consi stent devia t i on from  

pa ra llel i sm than  the other two a s says ( see page 60 ) ,  and 

there is  probably a c onnec tion between tha t ,  and the fac t  

tha t the insu l i n  a ssay wa s used i n  such a way a s  t o  b e  

sensi t i ve i n  a l ower range  than t he othe r two hormone s .  

A s  a c onse quence o f  the ob serva t i ons de scr ibed 

here , invest igat ions  wer e  ma de int o way s  of produc i ng a ssay 

re sul t s  whi ch di d no t deviate  fro m  parallel i sm ( page s 7 0  

t o  93 ) . In a ddit i on ,  precaut i o n s  we re taken duri ng rout ine 

a ssay s ,  so tha t t he e ffe c t s  would  be mi nimi sed if a s says did 

happen to  b e  obta i ned with poo r  parallel i sm.  The pre c a ut io ns 

i nc luded a ssaying all  the sampl e s re qu ir ing compari son with in 

the sa me a ssay , so tha t  i nter-a s say compari sons were avoide d ,  

and  including sta ndard pla sma samples  in every a ssay a s  an 

addit ional refe rence po i nt as wel l  as purified h ormone 

pr epa rat ions . 

2 . 4 . 1  ( c ) 
( i ) 

Concent ra t ion  of reagents 
Methods 
During the c ourse of carry ing out  numerou s 

a ssays for e ach hormone , inve stigat ions were ma de int o the 

e ffects  of c ha nging the c oncent ra t i ons  of each of the a ssay 

c o mponent s ,  one at a t i me in  a c o ntrolled manner . The 
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effec t s  were e xamined i n  rel a t i on t o  percentage b indi ng ,  

po ssible changes in the shRpe of the standar d curve , the 

degree of pRrallel i sm a nd the resul t s  given by repe a t e d  

a ssay o f  stan da r d  pla sma sa mple s .  

( i i ) Results 

The effect  on percentage binding ,  of chang ing 

both t he concentra t ion o f  fi r st ant ibody and the concentra-

t ion of labell e d  hor mone , is  shown i n  Figure 5 .  For a ny 

g iven level of first ant ibodi e s ,  maximum binding wa s a chieve d  

i f  the minimu m  a mount o f  1 a bel led hormone wa s added . 

The effe c t  on the shape of t he st andard curve , 

of c ha ngi ng the concent ra tion of fir st ant ibodie s ,  i s  shown 

in Figure 6 .  A l though increRsing the a mount of first a nt i ­

b od ie s  i n  the tube s increa sed  the binding o f  labelled  hormone 

in the absence of unlabelled hormone , giving a higher value 

for c ount s per minute ( cpm ) a t  0 ng /ml , there wa s a decrea se 

in sensit i vi ty at very l ow level s  o f  standards.  

( i i i ) Discussion 

The observa t i on .that decrea s ing concentra t i ons 

of first a nt ibodies increa se d  the sensi t ivity  o f  the a ssay 

a t  l ower hormone level s ( see Figure 6 )  ha s been note d by a l l  

o ther worker s  i n  the field  ( e . g . Yal ow and Ber son , 196 8 ) .  I n  

t h e  pre sent study ,  l o w  c oncentra t i ons o f  ant ibodi e s  we re 

fre quently u se d  so tha t  a n  a ssay wa s sensit ive t o  a s  l i t t le 

a s  50 pg /ml of insul in.  At  such l ow concentrat ions , t he 

percenta ge o f  labelled hormone whi ch can be bound may be 

much reduce d ,  becau se a c ondit i on of ant igen exce ss  i s  
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rea ched .  The re�ore the c orrec t balance between fir st 

a nt ib odie s a nd l abelle d hormone should be a chieve d .  

depending o n  the range o �  hormone c oncentra t i on s  which i t  

i s  de s ired t o  mea sure . 

2 . 4 . 1  ( d ) 
( i ) 

Precipitation reaction 

Met hog 

I t  is  possible tha t deviat ions �rom pa ra lle l i sm 

c ould hAve b e en brought about by substances i n  the pla sma 

which i nterfe r e d  wi th the abi li ty of the sec ond ant ibodie s 
/ 

t o  prec ipi t a te the �ir st a nt ibody /hormone complex.  In 

a dd i t ion t o  t e st ing higher concentrations o� second ant ibodi e s  

in order t o  overcome s uch int er�erence , several  a l t erna tive 

proce dure s wer e  a ttempt e d ,  includi ng : 

( 1 )  The use o� polye thylene glycol ( a s  u se d  by 

De sbuqu o i s  and Aurbach,  1971 ) instead o� sec ond ant ibo die s .  

( 2 )  The re�r igerat i on t ime , between adding sec ond 

ant ibodies  t o  tubes ,  a nd cent r i fuging them ( Table I I I ) wa s 

var ie d .  

( 3 ) The add i t i on of a mmonium sulphate t ogethe r with 

sec ond antibodie s ( a procedure suggested by Profe s s or 

1 ) J.  Landon , pers .  comm • •  

( 4 )  The pre-reac t ion of antibodie s ,  by mixing 

solut ion s  of first ant ibodie s ,  GP� and sec ond ant ib o di e s ,  

be �ore the ad diti on of hormone s o r  pla sma (Hal e s  and Handle , 

1963 ) .  

1 St . Bartholemew ' s  Hospital ,  London , U . K. 
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Figure 8 St andard c urve s o f  GH a s s ay s , t o  show t h e  e ffe c t  on 

para llel i sm of chongi ng the dilu t i o n  o f  second 

ant ibo di e s . Final dilut i ons o f  seco nd ant ib o di e s  

were • • 1 : 16 a nd 0- - - - - - - - -o  1 � 3 2 . Fi r st 

antibo di e s  adde d  a t  a fina l di lution  o f  1 : 6 0 , 000 . 

The s igni ficanc e  o f  the di fference i n  s l ope be tween 

standards and unknown s wa s n ot sign i f i c ar:t a t  1 : 16 

and p < 0 . 05  a t  1 : 3 2 .  
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Figure 9 StA nda rd curve o f  GH a s say with second a nt ibodies  a t  a 

final dilut ion of 1 :64 , a ssaying hormone l evels in 

c a l f  pla sma ( so l i d  l i ne s )  and c ow pla sma (broken line s ) .  

Fir st  ant ibodies  a t  a final dilut ion of 1 : 6 0, 000. 

The significance of t he difference in slope between 

standards and unknowns wa s not s ignificant for cow 

pla sma , and p<O. Ol for calf pla sma . 



78 

( i i )  Results 

Figure 7 shows the e rfe c t  on per centage b indi ng 

of labelled hormone , or changing the c oncentra t ion or c a rr i er 

pro t e in ,  GT-''( . I t  can be seen tha t the opt imum bindi ng 

rea ched a pl� t e au , wi th respe ct to GP"< conce nt ra t io n .  

Bindi ng genera lly wa s low becAu se of the u s e  of fir st  ant i ­

bodi e s  a t  1 :7 2 , 000 , a diluti on wh ich gave low binding but 

very good sen s i t ivity at low insu l i n  level s .  

Figure 8 shows the erfe c t  o n  para llel i sm of 

c hanging the concentrat i on of 
1
Phi l 1 pla sma ( 1Phil 1 wa s t he 

sheep  used t o  produce ant ibodi e s  t o  GP"< ) from 1 :3 2  t o  1 : 16 

( u sing pla sma from the Nove mber 1973 bleeding of 1P hi l  
1 ) .  

Altho ugh b oth dilut ion s gave t he same percentage binding in 

t I 
the absence of calf pla sma , when Phil wa s u sed a t  1 : 3 2 , 

there wa s an inap propri a t ely grea t inhib it i on of b inding by 

cnlf pla sma , re sult ing i n  unknown slope s which were t o o  

steep ( the s ignificanc e  of the difrerenc e between t he 

unknown pla s ma slopes  a t  dirferent di lutions of 1Phil  1 

wa s p<0. 05 ) .  The situat ion wa s rect ified by u sing 1Phil 
1 a t  

1 : 16 . Tn F igure 9 ,  the l ack of para lle l i sm brought about by 

u sing calf pla sma t oge ther w�th a n  insuffi c ient a mo u nt of 

1
Phil 1 ( from  t he November 1973 blee ding of 

1 Phil 1 ) ,  can be 

seen to be a spec ific effec t or ca lf pla sma unknowns ,  s inc e 

c ow pla sma i n  the same proport ions gave nea r-perfe c t  

pa rallel i sm ( p< O . Ol for c a lf pla sma compare d wi th sl ope of 

sta ndard curve , and not signifi cant for cow pla sma ) . 1 

The re sul t s  o f  the other a l terna tive pre c i p it a -

t ion rea c t i ons were a s  follows : 

( 1 )  Prec ipita tion of the first ant ibody-hormone 

! See 1 al ao re sul t s  obta ined wi t h  Dec e mber 1975 bleedi ng o f  
Phil , include d  a s  Po st Script o n  page s 218 - 220 . 
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complex by polye thylene glycol ( PEG ) wa s found t o  yield  a 

ver-y bulky pre c ipitate . Afte r  s ubtrac t ing the non- spec ific 

b ir:.ding of ra di oa c t ive hor• mone a dhe r ing to the bulk ,  the 

a c tuB l b ir..di ng wa s found t o  be very similar to t ha t  ob t a i ned 

with sec ond a n t ib odie s  ( Table  VI I ) .  

Table VII Percentage b inding a chieve d  by double  ant ibody 

R IP compa red wi th t he u se of PEG 

t!o b ound Non- spec i fi c  a c tual nfc 
( t otal ) b i nding bound 

Phil at 1 : 16 for 48 hr . 3 5 . 9  4 . 9  3 1 . 0  

Phil a t  1 : 16 for 72 hr . 3 6 . 1  5 . 5  30 . 6  

1 2% PEG 55 . 9  2 5 . 0  3 0 . 9  

( 2 )  Table VI I al s o  indica t e s  tha t a 48 hour 

re frigera t i on per iod a l l owe d prec ipi t a t i on to t he sa me 

extent a s  a 72 ho ur re fr igera t ion period.  

( 3 ) The effect o f  pre ci:pi  t a t  ion with d i fferent 

conce nt ra t i on s  o f  Phil d i s so lved in four di fferent c oncentr-a -

t i ons o f  ( NH4) 2so4, i s  shown in Figure 10.  The pre sence of 

( NH4) 2S04 con s i stently inh ibite d b in ding . 

( 4 ) The effect of pre-rea c t ing the fi rst a n d  sec ond 

ant ib o d i es is shown in Figure 11 . An insensit ive standa rd 

curve w i th po or dupl i c a t i on between tubes wa s obta ine d ,  by 

compar i s on w i th the u sual  a ssay procedur e .  

( i i i ) Piscussion 
Although b ot h  the pre c ipita tion rea c t ion and the 

fi r st ant ibody /hormone rea c t i on may both b e  antibody /a ntigen 

rea c t ions , in a RIA they a r e  rather di fferent in fu nc t i on and 
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extent . The dilut ion o� �irst  a nt ib odi es used i s  de termined 

by t he range o� hormone which it i s  required t o  mea sur e ,  a nd 

the bindi ng o �  l abelled hormone by fir st ant ibodi e s  i s  never 

comple t e ,  but i s  usually near 40 - 50% for a ssaying hormone s 

a t  physiological plasma c oncentra t ions . Bec a u se i t  i s  the 

di splacement with  unlabelled hormone o �  the 40 - 50% binding 

by �irst ant ibo die s that  produce s the result s in t erms o� 

hormone l evels , the radioa ct ivi ty o� t he prec ipitate  a s  

counted i n  the �ina l  ste p  o �  t he a ssay , should  b e  a n  exa ct 

and di rect re�lect ion o f  the binding o�  labelled  hormone by 

�irst a nt ibodi e s .  There�ore , i t  i s  necessary �or t he 

rea c t i on o� the prec ipita t ion step ,  t o  go a s  �ar t owards 

c omple t i on a s  pra cticable . 

I t  i s  genera l ly accepted  tha t the incuba t i on 

procedure allow s  a n  equil ibrium to be a chieved ( Skelley e t  

a l ,  1973 ) .  I t  may not therefore be p o ssible �or lOo% 
pre c ip i t a t i on t o  occur , but the rea c t i on t i me should be 

suf�ic i ent to a ll ow pre c ip i tat i on t o  reach a stable maximum. 

I t  i s  possible �or a n  a ssay to reach equil ib ri um a t  a 

di�e rent rat e  for standards and unknowns ,  giving a tempo-

rary l a ck o�  paralle l i sm not se en if the a s sa y  reaches 

compl e t ion.  Therefor e  i t  wa s of inte re st t o  observe that  

there wa s no enhancement o� binding ( Table VI I )  or change i n  

paral l el i sm when refrigera t ion t i me with  
'
Phil

' ( November 

1973 bleeding ) wa s exte nded beyond 48 hour s . 1 

I t  can be se en �om Figure 7 that the p re c i pita-

t i on re act ion wa s not fully e�ficient i f  the re wa s too  much 

or t o o  lit tle GP� in each tube . The amount of  GP� a dded in 

1 More recent work with December 1975 blee di ng of 1 Phi l ' ha s 
been included on page s 218 - 220 a s  a Post Script , a nd it 
indic a t e s  tha t the time fa ctor wa s more i mportant than had 
previously been thought . 
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routine a ssays wa s well in t he pla teau range o f  pre c ipi ta t io n ,  

so tha t  m i nor var ia t ions be tween  tubes  d i d  not interfere 

wi th the completion of the prec ipita t ion rea c t ion .  

Figure 8 a lso  i ndica tes  tha t  under certa in 

conditions , the c oncentra t io n  o f  second antibodie s neede d  t o  

b e  inc re a se d  t o  ensure c omplete  precipi ta tion i n  a l l  tube s .  

I f  e ither t he unknown tube s or the standa rd t ube s conta i ned 

an interfering subst ance whi ch prevent e d  the second ant ibo dy 

pre cipi t a t ion from be ing complete , the re sult  wa s inevi tably 

a devi a t i on fr om para llel i sm .  Aubert ( 19 70 )  stated  tha t 

where b i n ding wa s too  weak in t he pre sence of pla sma , 

• • • •  i t  i s  probably due t o  a ba d propor t i on of the 

concent ra t i on s  of fir st a nd second ant ib odie s .  • 

Other workers have ob served a similar s i t ua t i on ,  

in tha t pla sma from c erta in i ndivi dua ls  interfere d  more than 

other s .  Some human sub j e c t s  have been found t o  pr oduce pla sma 

whi ch compl etely i nhibit e d  pre c ipi ta t i on : in a s says ,  t he i r  

pla sma a lways appeared t o  have excessively h igh levels  of 

the hor mone , regar dle ss of t he ac tual level s mea sure d by 

other mea n s  ( Dr .  R .  Kirk 1 ,  p er s .  c omm . ) . The dif�erence 

between calf  pla sma a nd cow pla sma in this re spec t ( Figure 9 )  

is probably a reflec tion of the fa c t  tha t the p rote ins in  

calf pla sma are c onsiderably different from those in t he 

a dult c ow .  For e xa mple , a t  t he t i me of birth , the pla sma 

proteins of t he calf consi s t  of 50% foe tuin ,  a protein whi ch 

decrea s e s  rapi dly a fter b irth , and i s  very l ow in adult  

pla sma ( Hsu et  a l , 1973 ) .  Such a pro t e in may have a non­

spec ifi c interfering effec t on the precipita t io n  reaction ,  

1 Prince ss Margaret Hosp i ta l , Christ church, N.Z. 
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or coul d even interfere wi th the a ssay because of GH-l ike 

propertie s .  Further inve st igat ion int o t he immunolog i ca l 

prope r t i e s  of foe tuin i s  warrant e d .  

I t  ha s been ob served by Welb orn and Fra se r  ( 1965 ) 

tha t p l a sma fr om ma ny individual s  may have le sser interfering 

propertie s ,  lea ding t o  a rt ificially eleva ted or 'nega t i ve ' 

va lue s for the a s say . Many of them may be overcome i f  the 

pl a t ea u  of comple te prec ipit a t i on by sec ond antibodi e s  i s  

rig i dly ac hieved ,  becau se such pla sma may simply ha ve a 

proper ty of giving greA t e r  sensit i vi ty t o  the pre c ip i t a t i o n  

r ea c t i on . a nd narrowing t he pla teau . The effe c t  ( termed 

the 'prozone e ffect ' by Welborn a nd Fra ser ,  1965 ) ha s not 

been ob serve d  in Figure 7 in the pre sent inve stiga t ion , but 

it s p o s s ibil i ty wa s taken into a ccount by a lways  u sing the 

c orre ct  balance b etween second ant ibody dilu t i on and GP� 

concentrat i on ,  to give t he peak of prec ipita t ion.  

The use of  PEG, ( 1TJI4) 280 4,  or the pre-rea c t i on 

of antibodi e s , were not effec tive a s  replacement s for the 

te chni que of  a dding sec ond ant ibo dies  a s  the fina l i nc lusion 

in a s say tube s .  

2 . 4 . 1 ( e ) 
( i ) 

.. !olecular structure of the hormone 

Method 

A likely c a u se of devia t ion fr om parall e l i sm 

i s  tha t the hormone be ing mea sured in the st andard t ube s i s  

different fr om the na tura lly occurring hormone in the pl a sma 

sample s under inve stiga t i on .  The l 2 5I -label led hormone could 

a l s o  interfere with the paralleli sm if its immunoreac t ivity 

were different from the hormone i n  pla sma . The mol e cular  
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Fi gure 13 Ge l fil t ra t i on of 1 25I -bovine GH ( solid l ine )  or of 
i mmunoreac t i ve GH in whole  c a lf pla sma (broken line ) 
on Sepha dex G-1 00 e qui l ibra ted  wi th 0 . 05 M pho spha te 
buffe r  + 0 . 01 M EDTA a t  pH 7 . 4 .  
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c ompo s i t ior.  of all three wa s therefore i nve st igated  a fter  

fra c t iona t i on of Sepha dex G-100 columns ( see page 52 ) .  

( l ) A sample of bovine GH purified  on  a DEAE -

cellulose c olumn wa s lyophi l i se d  and stored a t  4 ° C in  a 

de ss icca to r .  Ten months l ater , i t s  elut ion pat tern from a 

Sepha dex G-100  c olumn wa s inve s t iga ted by mea sur ing the 

ab sorbanc e a t  270 nm of the e lua nt fra c t i ons . The same 

p1•eparation of' lyophili sed,  pur i fi e d  GH wa s u sed consi stently 

for the standa r d  curve in  all  GH a ssay s .  

( 2 ) A large , pooled  bovine pla sma sample wa s pa s sed  

through a 2 . 5  c m  x 58 cm Sephadex G-100 column ,  wi th a sma ll  

a mount of l abelled GH as  a ma rke r . Eluant fra c t ions were 

c ounte d i n  a Packard Au t o  � Counter ( mo del 5285 ) in order 

t o  l ocR l i se the aggrega t e  a nd monome r por t ions of' t he 

r adioa c t i ve hormone ( see page 5� ) and then t e st e d  a s  the 

unknown sa mpl e s  in a RIA , to det e c t  the quant ity of' i mmuno­

reac t ive GH f'r om the pla sma , in each fra c t io n .  

( 3 ) The l 25r-la belled GH which ha d been f'ra c t i ona t e d  

on  Sepha dex G-100 a s  de scr ibe d on  page 52 ,  wa s a s se s se d  f'or 

t he ab i l i ty of all  fra c t ions t o  be b o und by ant ib od i e s  t o  

bovi ne GH. 

( i i ) 
( 1 )  

:Se sult s 

I t  ca n be seen from Figure 1 2 , tha t a l m o st a ll 

of' the lyophil i se d  GH was eluted a s  a s ingle  molecu l ar 

spec i e s .  

( 2 )  Figure 13 shows t ha t , a s  in Figure 1 ,  the ra dio-

act ive tra cer  GH wa s e luted as  a double peak ( sol i d  line ) , 

the ma in pea k  r epresent ing GH in the molecular si ze range 
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of 20 , 000,  w i t h  a smal ler  peak of a l a rger mol e cula r  

spe c ie s .  The dot ted l i n e , r e pre sent ing immunore a c t ivi ty o f  

the na t ura l ly o c curring pla sma pro t e ins , show s tha t  mol e cule s  

o :f  b o t h  si ze s o c curre d i n  c a lf pla sma , a nd b ot h  were i mmuno­

rea c t ive . 

( 3 ) Figure 14 aga i n  shows a double pea k  of labelled  

GH ( sol i d  l in e ) but  t he dot ted  l ine ind ic a t e s  tha t immuno­

re a c t iv i ty of labelled GH wa s c onfine d ma inly t o  the monomer 

GH with very l i t t le i mmunorea c t i vi ty in the l arger mol e c u l a r  

s i ze . 

( i i i ) Discussion 

Be cause the st a ndar d  GH use d  cons i sted  o f  a 

singl e molecula r  spec i e s  ( Figure 1 2 ) , no fur t he r  pur i fi c a -

t i on wa s c on s i dered nece ssary . However , the fa c t  tha t  c a l f  

pla sma cont a i ne d  two immunorea c t ive spec i e s  o f  GH mole c ule 

( Figu re 13 ) i n dicated tha t  there wa s a difference be tween 

t he hor mone b e i ng mea sur e d in sta nda rd and unknown t ube s .  

The differenc e warrant s �urther i nve st iga t i on : for exa mple 

by exa mining t he behaviour of st or i ng standa r d  GH in s olut ion 

i n  p�a sma . 

��en labelle d GH wa s a dded t o  a s say t ub e s ,  i t  

WA S repeA tedly ob serve d t ha t  sensi t ivity and prec i s ion o f  t he 

a ssay were de crea se d by the pre sence o� lab e l l e d  GH o �  a ny 

mo lecular  s i z e  o ther tha n 20 , 00 0 . The observa t i on here tha t  

the o ther mole cular si ze s were no t i mmunore a c t i ve ( Figure 14 ) 

drew a t tenti o n  t o  the nee d  for l 2 5I -GH t o  be �ra c t i ona t e d  

a t  r egular interval s o �  once eve ry 3 or 4 weeks .  The 

rel a t ive ly rapi d de t e r i o ra t i on o� l abelled h ormone wa s 



i n  c l o se aGreeme nt wi th ob serva t i ons of other wo rke r s  

( Schwa r t z  and Ba t t ,  1973 ) ,  a n d  wa s probably ca used by a 

nu mber of fa ct or s , e . g . : 

9 0  

( A ) The i o di na t e d  mole cule c ould ha ve a di ffe re nt 

seconda ry and t e r t i a ry struct ure from t he n8 tural GH , s i mply 

beca use of t he presence o f  extra i o di ne A t oms . 

( B ) The hormone i s  be i ng constantly bombarde d  wi th 

'{ r a di a t i o n .  

( C )  The t reatment wi th chlorami ne-T dur i ng t he 

i o dina t i on proce dure i s  known t o  have a di sorde r i ng effec t  

o n  prot e i n  mo le cule s ( Ber s on a n d  Ya l ow ,  196 8 ) .  

I t  i s  intere st i ng t o  speculate o n  the po s s ible 

rea sons why the large mo lecular  size GH wa s not i mmuno re a c t ive 

in the l abelled hormone pre pa ra t ion,  whi le the na t ur a l ly 

occur r i ng large GH in pl a sma wa s det e c t able by RIA . S i nc e  

they were e luted i n  almo st exactly t he same fra c t i ons o n  

Sepha dex G-100 ( Figure 13 ) ,  i t  seems l i kely that the t w o  

la rge GH molecul e s  were of t h e  sa me mole cular s i ze . I t  may 

have b e en tha t  i n  b oth c a se s ,  i t  wa s only 20% immunore a c t i ve ,  

but tha t there wa s such a la rge a mount o f  i t  i n  calf pla s ma , 

th8 t  eve n a t  reduce d immunore a ct ivity ,  i t  pro duce d a pea k  

which wa s e q u A l  i n  size  t o  t ha t  of  t h e  monomer . A more 

likely e xpla na t i on is tha t it re pre sented a form of GH which 

wa s bound t o  a pla sma pro t e i n  ( Stachura and Fr ohman ,  1973 ) .  

1�/hen t he r a di oa c t ive mole c ule wa s st ore d in di luent human 

pla sma , the b inding wa s not a biologica lly na t ural  bindi ng 

and wa s i rreve rsible , whi le nat ive hor mone in c alf pla sma 

wa s bound in  a form which wa s reve r s ible , a nd e nable d t he 

hormone t o  bec ome re le a se d  so that i t  reacte d with t he 

ant ibo die s  in t he R IA . 



2 . 4 . 1  (f ) 

( i )  

Piluent plasma and anticoagulants 

Method 

91 

Bec ause substance s in the pl a sma , other than 

the hor �one being a s saye d ,  may have a n  effect on the a mount 

of binding of the labelled ho rmone , it wa s nece ssary t o  

inc lude the same volume of pla sma in the tubes conta ining 

standards , so that the interfering effe c t  on binding wa s 

o f  the same magni tude for both standards and unknowns ( see 

page 54 ) .  In addit i on to t he method de scribed on page 54 

for remova l of insulin from t he diluent pla s�a , other 

techni qu e s  were t e st e d ,  for e xa mple molecular si eving 

thr ough a Diaflow untrafil trat ion membrane PM 10 ( Am i c on 

Corpor a t i on ,  USA ) , or  high pH treatment ( acc ording t o  Grodsky 

and Forsha m ,  1960 ) .  

i\n alterna t ive techni que whi ch wa s i nve st iga ted  

wa s the use of  p rotein  di ssolved in  buffered saline , a t  

approximately the same conce ntra t ion a s  the pr ote i n  i n  pla sma . 

For exa mple ,  bovine serum a lbumin ( Sigma Chemical Co . ,  Lot 

No . 24C-174 0 )  wa s t e sted at  vary ing c oncentrat i ons in order 

to a scerta in whethe r  it  interfered  in the insul in a s say.  

For unknown sampl e s ,  pla sma wa s used  rather than 

serum , bec a u se pla sma sample s  c ould be centrifuged a nd 

fro zen rapidly , wi thout having t o  wa i t  at  r oom t empera ture 

for a cl ot  t o  form .  The use o f  pla sma nece ssitated  the 

presence of an ant ic oagulant in the sa mple s .  EDTA wa s u sed 

a s  8ntic oagulant i n  the ma jor ity of e xperiment s ,  a nd it s 

pre sence , a s  well a s  the pre sence of hepari n ,  were  t e sted 

for the ir pos s ible influence on a ssay re sul t s  a nd 

pa rallel i sm .  



9 2  
( i i ) Resul ts 

Ne i th er mol e cu l a r  s i ev i ng n o r  h i gh pH t r e a t m e nt 

y i e l de d  i n su l i n -free p l a s ma wh i c h  wa s a s  su i t able fo r u se 

a s  a di l u e nt i n  i n su l i n  a s s ay s ,  a s  wa s c ha r c o a l - t r e a t e d  

p l a sma . Pl a sma t re a t e d  wi t h  e i t h e r  o f  the f i r s t  two 

me tho ds s i gn i fi c an t ly inhib i t e d  t he b i nding of l ab e l l e d  

h o r mo n e  t o  a n t i serum , a na b e c a u se the a mount of d i l ue n t  

pla sma v a r i e d  b e twee n  s t a n da r d  t ube s a n d  be t we e n  t h e  d i ff e r e n t  

p l a sma l e ve l s  i n  unknown t ub e s ,  i t s  b i nd i n g  i nhib i t o ry e ffe c t  

ca u se d  a ser i o u s  devia t i o n  fr om p a r a l l e l i s m .  Bov i ne s e r um 

a lb u m i n  wa s n o t  S A t i s fa c t ory a s  a di lu e n t , b e c a u se a t  l ow 

c o n c e ntr a t i on s ,  i t  a c tu a l ly ha d a n  enha nc ing e ffe c t  on 

b i n di ng o f  l ab e l l e d  i n su l i n .  The e nha nc i ng e ffec t i n c re a se d 

w i t h  i n c re a s i ng c once nt r a t i o n s  o f  b o vi n e  s e ru m  a lb u mi n , u p  t o  

ab o u t  3 mg /ml , a n d  i n c re a s i ng t he c o n c e n t r 8 t j o n fur t he r  

br o ught abo u t  a n  i nhib i t o ry e ffe c t  on b i n di ng b e c a u se o f  th� 

non-spe c i fi c  e ffec t  o f  i n cre a s i n g  pr ot e i n  c on c e nt r e  t i on .  

The pre se nc e  or ab s e n c e  o f  hepa r i n ,  eve n u� t o  

a mo un t s  a s  � i gh a s  5 0  IU per a s say t ub e , ha d n o  e ff e c t  on 

the GH a s say . EDTA wn s f ou n d  t o  b e  e s sent i a l  fo r A s sa y s  t o  

p r o c e e d .  I n  i t s  ab s e n c e , the r e  wa s n o  b i nding a t  a l l  o f  

l ab e l le d  hormon e ,  a n d  i t s  pre s e n c e  a t  c o nce n t r e t i o n s  r a ng i � g 

f r o m  0 . 01 M t o  0 . 05 M e n ab l e d  t h e  a s sa y s  t o  p r o c e e d , wi t h  

i de n t i ca l  re su l t s .  

( i i i ) Discu ssion 
� pr e pa r a t i o n of ch a r c o a l  t re 8 t e d  b ov i n e p l a sma 

wa s p r o du c e d ,  wh i c h  n e i th e r  enhg n c e d  nor i nh j_b i t e d  b i nd i ng , 

a nd h8 d t he S 8 me pr e c i p i t a t i on profi l e  i n  r e l a t i o n  t c  G F� 



conc e n t ra t i o n s ,  8 3  di d a l l  the c a lf pla omn s<� l t l.:_,l e s ( J:.<' igure 

7 ) .  

ED'rA wa s use d a s  a nt i c oa gulant i n  the ida j or i  ty u t· 

e xpe r i ment s ,  b e c a use it  wa s r e qu i r e d  t o  b e  p r e sent in  a s sDys , 

s o  i t  wa s c onve n i ent t o  have i t  p r e sent in , l a srnc-1 o t  the s o m e  

c o nc e nt r a t i on s s  i t  wa s use d i n  a s say buffer  s olut i o ns 

( 0 . 01 M ) . The r e a son for i t s  impo r t a nce  i n  a s sa y s  W R S t�ought 

t o  be that  t he C 1 1 c omponent  of c o mplement in p l A sma b e c ume s 

d i ss oc i a t e d  8 S  n resu l t  o f  che l a t i ng t he d i v a l e n t  c � t i o n s 

wi t h  EDT A . Comple ment b e c o me s i nvo l ve d i n  a ll ant ige n / 

a nt ibo dy rea c t i ons i f  i t  i s  pre se n t , 8 D d  i t  a rpe a r e d  t �q t 

it ha d 1n  i nhib i t ory effe c t  i f  it wa s i n t n c t in the R I �  

sys t e m  ( � ube r t , 1970 ) . More d e t a i l e d  i nve s t i ga t i o n  of the 

na ture of t he r ol e  of c o mplement in R I A i s  wa r r a nte d ,  

I ' I 
e spe c i a l ly in r e l a t i on  t o  the pro zone e ffe c t and o th e r  

ca se s  of  u nexpla ined i nhi b i t i o n  de scr ib e d  o n  page s 8 ?  - �4 . 

2.4. :J 
( n ) 
( i ) 

Precision, sensi t ivi ty end specificity 

Precision 

Meth od 

1,  Indi vidual a ssays 
Mi dgl ey e t  a l  ( 1969 ) ha ve de fi ned prec i s i o n  a s  

1 t he e x t ent t o  whi ch a given  se t o f  me a surement s of· the 

sa me sa mpl e agre e s  w i th the mean ' . The vnlue s u se d  a s 

mea sur e s of pre c i sion for a ny one a ssay,  were c a lcul a t e d  

r out ine ly a s  pa r t  of the c ompu t e r  progra mme de scrib e d  o n  
pa ge 57 - 5 8  ( Burger e t  a l ,  197� ) .  a c c or ding t o  t l 1e 

formula : 

Pre c i s i on = ml 
X 
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where SD i s  the sta ndard devia t i on of  t he cal cula t e d  value 

of  X in pg /ml . Thi s value i s  higll a t  very l ow and very 

high concentra t i ons  of X ,  a nd the regi on  of ma ximum a s say 

pre c i sion ( where the va l ue i s  l owe st ) i n  the atandn rd curve 

of e a ch a s say wa s a l so a s sesse d .  

2. Combined essays 

Ten a ssays each of  i n sulin  and GH were selected  

at  random , and the re sul t s  of  the four ( for insuli n ) or  

thre e ( for GH ) standard  pla sma sa mples  were a na lysed for 

va riance c omponent s .  For prola c t i n ,  ma ny rout ine a ssays 

ha d been c�rried out  before i t  wa s rea lised th2t  in A S �ays 

whe re a la rge a mount of l 2 5I -prolac tin  ( about 20 , 000 c�m  or  

more per tub e ) wa s a dde d ,  the hormone i n  the plR sma sA tn]!l e s  

wa s giving ele va te d  prolactin  values c ompa re d w l  tt1 tho se 

e s says c onta ining about  5 , 000 - 10 , 000 cpm per t ube . 

Because t i me d i d  no t a ll ow a repe t i t ion of the a ssay s , the 

exi st ing a ssays were div ide d  int o two group s ,  t h o se wi th  

20 , 000 cpm per  tube a nd those with 5 , oco - 1 0 , 0· u c �m . 

Ten a ssays were selec t e d  a t  random fro m  each of the twu 

groups , and re sul t s  of t he two standard �le sma sa mple s 

were ana lysed  for va riance c omponent s  wi thin each group o f' 

ten .  The var i a nce component s w ithin ea ch group were a dde d 

t o  t hose o f  t he o ther groups ,  i n  order t o  compare t he v a lues  

obt a ine d with  those o f  t en a ssay s  of  in sulin  or  o f  GH . 

The var i ance component c ont ributed by 'be tween 

replica te t ube s ' wa s u se d  t o  obt a i n  9 51 fidu cia l l i mi t s �or 

the a sse ssment c.•f hormone leve l s  in er . ch s t A nna r d  plA s ma 

sa mple . The fiduc i a l  l i mi t s ,  b R s e d  on the degree o f  

repe a tability of two tubes t rea ted  in  i dent ical  ma nner in  



a ssay s ,  gave a good indi c a t i on or the prec i si on of each 

group of a ssay s .  

( i i )  Results 
1. Indiviaual assays 

9 5  

Table VI I I  shows the e st i mates o f  preci sion for 

given va lue s o f  X ,  for two i ndividual a s say s of each hormone . 

Table YIII Pre c i s i on ( st andard devia t i on of hormone 

e st imate s + mea n  hormone e st i ma t e  ( X ) ) ,  a t  g i ven 

hormone level s ,  region of maxi mum prec i si on ,  a nd 

sen si t ivity ,  of two a ssay s  for each hor mone . 

I nsul in G ro wth ho rmone f'r o  f-l c t in 

X A S SAY 1 A ssay 2 X A s say 1 A s say 2 X � S SRY 1 � s say ? 
( pg /ml ) ( ng /ml ) ( ng /ml ) 

lOO 
500 

1 , 000 

2 , 000 

p 

,-. 
0 

0 . 199 
0 . 048 

0 . 033 

0 . 03 0 

0 . '?.77 

0. 079 
0 . 056 

0 . 050 

1 , 70 0 1 , 76 7  

l O O  40 

l 

5 

10 

1 5  

0 . 097 

0 . 033 

o . 03 1� 
0 . 041 

0 . 3 7  

0 . 098 
0 . 04 5  
0 . 051 

0 . 058 

0 . 2 5  

l 
5 

10 
15  

1 . 451� 
0 , 0 1 8 
CJ . 07L._ 
0 . 043 

16 . ou 

/ . lb 

0 . 194 

0 . 05?  
0 . ULt <"3 
0 , 0)9 

8 . 00 

P = zone of ma ximum pre c 1 si on ,  in p g /ml f' or insul i n  FJ n d  

i n  ng /ml for  GH and p r o l a c t in . 
S = sensitivi ty ( l owe st detectable hormone level ) in pg /ml 

for i nsulin and in ng /ml for GH and prola c t i n .  

2. Combi ned assays 

•rables IX - XI I  sh ow the V8r i A nce co m1. onen t s fro m 

ten a s say s ea ch of GH and i n sulin ,  Ann the fi du c ia l l i mi t s  

o f  the e st imRt e s  o f  the stand a r d  pla sma sa mpl e s  wh lch we re 

mea sure d in a ll n ssay s . Tab l e  XI I I  give s the t o t P l  w i thin 

group VFl r iE�nce c omponent s ,  8fter t h o se wi t11 in e A ch gr onp of 



Table IX Va r i a nce component s from insul i n  l evel s  o f  four 

pla sma sa mpl e s  a s sayed repea tedly in ten i n su l i n  

a s say s . + = p<0 . 05 ,  + +  = p < O . Ol 

Source o f  var i ance Va riance Degree s of  .ro o f  
c omponen t fre e dom t o t Ft l  

Be tween a s say s ( a )  0 . 0054.115  9 3 .  934. 
be tween sa mpl e s  ( s )  + +  0 . 1 22) 109 3 � 0• • 9 �3 
s x a int era c t ion + +  0 .  OOJf-674 27 3 . 3 9 1  
b e tween dilut i o n s  ( d ) o .  00 06 24. 1 0 . 4  54 

d X 8 inter� c t i on 0 . 0005555 q 0 .  'f- (':lf-,/ 

� X 8 int era c t ion + 0 . 00076 3 0 . 5 5 ° 
a X S X d + 0 . 0010?? '?7 0 . 74-"i 

be tween repl i c a t e s  0 . 00218R7 i10 1 . 5gl 

Table X Estimat e s  of insulin leve l s  in four sta nd a rd 
pla sma sa mpl e s  me a su re d in ten a s �a y s  

SFtmple no . Mean e st imate (pg /ml ) 9 5 �  fiduc ial l i m i t s  

2 3 99 )1,.9 - )+ )3 

3 :? . 576 ') ,  3 1 11- - 0 , Q,67 

}+ 9 !i 5  �0· 5 - 1 ,  O'=l6 
5 5 76 517 - 6 l .. l 



Table XI Var ia nc e  compone�t s from GH l evel s of thre e 

pla sma sample s  a ssayed repea t edly in t e n  GH 
a ssay s . + = p < O .  05 , ++ = p <O . 01 

Source of vari ance 

Be twe en A S oays ( a )  
b e twe e n  sample s ( s ) 
s x A int e ra c t i on 

b e tween dilut ions  ( d )  
d x a int e rs c t ion 

d x s int e rac t ion 

8 X S X d 

betwe en replicate s 

+ + 

+ + 

+ 

+ 

Var iance 
c omponent 

0 . 05) Rl 07 

2 . 02 500� 

0 . 00 ° 53 ')9 

o . oo 

o .  00051+64 

o. 0003 1 8 2  

o.  0008213 

0. 0 016555 

Degree s of ,� of 
free d om tot::1 l 

q ? . 5 � 1 
'J 07 . 1 3 7  

l R  0 . 1 �2  
(l o . o 
9 o . o')G 
2 0 . 01 5 

18 0 . C3 9 

6 c  0. 07 9 

Table XII Est i ma t e s  of GH leve l s  in three s t A ndard 

pla sma S 8 mfles  mea sured in  t e n  a s say s 

Sa mple no . Mean e st ima te ( ng /ml ) 95) fidu c is l  l i mi t s 

1 4 . 98 4 - 53 - 5 - 47 
2 8 . 8 5 8 . 06 - 9. 72 

3 3 .  25 2 . 96 - 3 - 57 

9 7  



Tab l e  XI II Va r i a nce c ompone nt s fr o m  pr o l a c t i n l eve l s  of t w o  

p l a sma sa mpl e s  a s saye d i n  two gr oups of t e n 

p r ol a c t i n  a s say s .  + + = p < O . O l 

S o ur c e  o f  va r i a nc e  Va r i a n c e  Degr e e s  o f  'b o f  
c ompone n t  free d o m  t o t a l  

Be twe e n  a s sa y s 1 ( a ) 0 . 0006 8 1 2  1 8  q . 8 5 

be t w e e n  sa mple s ( s )  + +  o .  004 6 56 3  2 6 7 . 3 "3 

s x a i n t e ra c t i o n  0 . 000 1 1 217 l f3  1 . 6 2 

be t we e n  d i l u t i o n s  ( n ) + + 0 . 0000875 � 1 . �6 
d x a i n t e r a c t i o n 0 . 0002 ?75 l R  3 .  29 
d X s i n t e r a c t i o n  ++  o .  000761�9 2 1 1 . 06 

f.l X s X d ++ 0. 0002?.51 1 o, 3 . 2 5 
be tweP-n r e pl i cn t e s  0 . 000 .160.>' ? 0  2 . 3 2 

1 Within gr oup s  or a s says . 

Table XIV E s t i ma t e s  of p ro l a c t i n  l e ve l s  i n  t w o  s t a n da r d  
pla sma sn mpl e s mea sur e d  i n  t w o  g r o u p s  o f  t e n  

( a )  A ss ay s w i th 20 , 000 cpm l 2 5r -pro l a c t i n  p e r  t ube 

( b ) A s say s wi th 5 , 000 c pm J. 2 5I -pr ola c t i n  p e r  tub e . 

Sample no . Me a n  e st i ma t e  ( ng /ml ) 95� f i duc i a l  l i m i t s 

l ( a ) 1 2 . 29 11 . 72 - 1 2 . 9 0 

2 ( a ) E L  7 8  R . 3 7  - 9 . �1 

l (b ) 7 . 00 6 . 77 - 7. 24 

2 (b ) 5 . 06 4 . 89 - 5 . 24 
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ten  :prola c tin  a ssays ha d been a dde d t o  those o f  t he other . 

The estima t e s  given i n  Table XIV indicate  the e xt ent of  the 

d i fference in e st ima t e s  between the two groups . 

( i i i ) Discussion 
1, Individual assays 

The :preci s ion of a n  indivi dua l  A ssay wa s a ffe c ted 

a dversely by the use o f  prepa ra t ions of labelled  hormone 

which were not re cent ly purified , a s de scribe d on page 8 7 . 
I n  si tua t i ons where the label led hormone wa s not i de r1 l ,  

the sta t i st ical  na t ure o f  the c alcula t i on allowed the 

s i t ua t ion t o  be overcome if larger numbers  o f  rep l i ca t e  

tube s were used.  

2. Combined assays 

+ t  can be seen fr om Table s IX and XI tha t t he 

difference betwe en standard  pla sma sample s  of insu l i n  and  

GH wa s highly significant , as  wa s t o  be e xpected beca u se 

the sample s c overe d  a wide range of l evel s .  The d ifferences 

between a ssays were not  signi ficant , and  the very sma l l  

a mount o f  variance c a u se d  by difference s  between the two  

dilut i on s  of  each sample , indic a t e d  tha t in  the se a s says 

the pa ra ll e l i sm proble m ha d be en overc ome . 

For prola c tin a s say s ,  the lack of  s ignificant 

di fference s  between assays wi thin each gr oup of  a s says 

( Table XI I I )  indic a t e s  tha t  e st ima t e s  of  prola c t in were 

reliable provide d  tha t the a mount of 1 25I -prola c t in wa s 

ke pt rel a t ive ly c onstant . There WA S a fur ther prob le m ,  

however ,  in tha t the d ifferenc e s  between dilut i ons indi c a t e d  

a deviat i on from :par a l leli sm. I nspe c t i on of :plot s of 

· MASSEY UN!VER fTI 
LIB Y 



lO O 

standard  curve s showed tha t the curve fitt e d  by t he c ompu ter 

programme ( se e  p a ges  57 - 58 ) wa s probably re sponsible for 

t he apparent lack of para lle l i sm.  Be cause the devia t i on s  

were very sma ll and unimport ant , the da t a  a nd programme 

were used t o  make e st imates  of prol a c t in leve l s .  I f  they 

had be en large r ,  one of the methods de scribed on page s 6 2  -

64 would have be en u se d  t o  transform the da ta  before fee di ng 

i t  int o the c omputer . 

2 . 4 . 2 ( b ) 

( i ) 

Sensitivity 

Method 

Sensitivity i s  de fined a s  ' the sma llest  a mount 

of  unlabel l e d  hormone which can be di stingui she d from no 

hormone ' ( Mi dgley e t  al , 1969 ) .  Aga i n ,  t he computer  

progra mme wh ich wa s u se d  t o  a sse s s  the hor mo ne level o f  e a ch 

pla s ma sA mple , n l so printed out the va lues for var i ance 

between repl ica tes  of e8ch poi nt on the standa rd c urve . 

From the va r i a nce , the standard error o f  t he difference 

be tween t ube s conta ining no unlabelled h ormone , and t ube s 

c onta ining the lowest  amount of unlabelled h ormone , wa s 

calcula t e d ,  mult iplied  by t ,  t o  give the sma lle st d ifference 

whi ch could be detected at  95% confidence l i mi t s  i n  count s 

per minute ( va lue s of t were given in Sne de c or a nd Cochran , 

1967 )  and t he difference wa s subtra cted  from the mea n  

c ount s  per minut e of the t ube s wi th no unlabe lled hormone . 

The resul t i ng va lue wa s then converted t o  pg /ml usi ng the 

sensitivi ty curve of the computer programme , and the re sul t  

wa s  the sma l le st amount o f  det e c t able hormone . 
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( i i )  Results 

The e st imate s of sensi t ivity for two a s say s 

of each hormone are give n in Table VI I I  on page 95 . 

( ii i )  Disc ussion 

The sensi tivity  of an  a s say wa s ab le t o  be 

changed at wil l  by a l tering the a mount of first ant ibody 

adde d  to the t ub e s ( see page 73 ) .  For example , prola c t in 

A ssay 1 ( Table VI I I )  wa s r elat ively insensi t ive , the l owe st 

de tectable level of hormone be ing 7 . 16 ng /ml . The rea son 

for t he insens i t ivi ty n t  l ow l eve l s  WA S th8 t the a s say wa s 

used for mea suring prol8 c t i n  in samples from la c t a t i ng 

c ow s ,  a nd ve ry high pr ol a c t in leve l s  were ant i c i pa t e d .  

For routine c a lf work , a higher di lu t i on of fir st a nt ibod ie s 

wa s use d ,  and t he sensitivi ty wa s usua lly we l l  be l ow 1 ng /rnl 

a nd comparabl e  t o  the values obt a ined for GH . Insu l i n  

a s says were similarly a d j usted ,  s o  t ha t  leve l s  of  l e s s  than 

lOO pg /ml were de tectable . On no occa si ons were  a s say s 

u sed  a t  the l i mi t s  of the i r  sen s it ivi ty ,  becn use repe t i t i on 

of a s says with a higher diluti on o f  fir st ant ibodi e s  wa s 

a lway s ava ilable a s  a t e chni que for decreasing the l ower 

l imi t o f  sensi  t i  vi ty . 

2 . 4 . 2 ( c )  

( i )  

Specificity 
Method 

The SP.eci fi c i ty of the insulin  a ssay wa s 

i nve st iga te d  by Montgomery ( 19 76 )  u s i ng the same fir st a nd 

se c ond ant ibody prepara t i ons a s  i n  the pre sent inve st iga t ion . 

Porcine gluca gon ( Eli  Li l ly ,  Lot No . TLF 599 A ) and 
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chemica lly dena tured porcine insul in  were te ste d for the ir 

abi l i ty to inhibi t  b inding of i 25I-insulin by first 

ant ibodie s .  

The spe c ific i ty o f  the GH and prola c t in a ssays 

wa s a sse s sed by t e st i ng the ab ility o f  bovine prola c t i n  

standards t o  inhib i t  binding o f  i 2 5I-GH ,  and a l so by t e st i ng 

the abi lity of the fi rst a nt ibody t o  GH t o  b i nd 1 � 5I ­

prola c t i n .  

( i i )  Results and discussion 

Ne i ther porc ine glucagon nor chemically dens tur e d  

porcine insul in ,  showed any inhibi tion  o f  b inding of � 25I­

insuli n  ( Montgomery ,  1976 ) .  No cross-re action  between 

GH and pro lact in wa s ob served .  Thus i t  seeme d l ike ly tha t 

the ant ibodi es ra i se d  during the c our se o f  the pre sent 

study were highly specific t o  the hormone aga i nst whic h  

they h a d  been ra i se d .  

2 . 5 STATISTIC :\1 f.fETHODS 

For c ompa ring unst imul a t e d  hormone leve l s ,  rsw 

dA ta  were plot ted for individual CA lve s on  eAch dRy , w i t h oct 

a ny ma thematicAl  a na l;v si s or grouping . Wher e groupi ng vm s 

requ ired , a non-parametric  met hod wa s used ,  i n  order t o  avoi d 

giving undue we ight t o  samples whi ch ha d been t aken dur i ng 

an epi sode of peak ho rmone secre t ion ( see  page s 18  - 19  f or 

d i scussion of the l i t e ra t ure on  epi s odi c rele a se of GH ) . 
Thus c omparison wa s ma de between groups of c alve s  i n  

Experi ment s 3 and 4 ,  by ana lysing the median a nd range o f  

samples  taken o n  the control day or o n  sa line tre a t ment day s , 
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f or each i ndividual c a l f .  The se value s for e a ch group of 

ca lve s were c ompared with the other two gr oups comb i ned , 

by means o f  the .Ma nn-1i'.'h i t ney U-t e st ( Soka l a nd Rohlf,  1g69 ) .  
Before furt her a na lyses were carr ied out , d a t a  

were t ransforme d  according to  Table XV ,  in order t o  make 

the va r ia nce between c a lve s for each sampl i ng t ime a s  

c onst a nt a s  possible over the ent ire range of leve l s .  

Table XV 

Mea surement 

Gluco se 

I nsulin 

Technique s u se d to  tr ansform da t a  i n  order t o  

standardi se the varia nce a t  all  hor mone levels  

Expre ssion of  Transformat i on 
untransformed  da t a  

mg /100 ml None 

pg /ml or ng /ml l og 10 pg /ml 

Gr owth hor mone pg /ml or ng /ml l og .1.0 pg /ml 

Pr ola ctin  ng /ml square root  ng /ml 

Analyse s of covaria nce were c arried out on t he 

t ransformed da ta using the pre -tre atment mean  ( mean of 

samr-les 1 a nd 2 )  as t he i ndepende nt var iable , a nd one or two  

sa mpl ing per i o ds post-tre a t ment as  the de pende n t  va riable 

( Sne decor a n d  Cochran ,  196 7 ) .  The po st-trea tme nt sampl ing 

per i ods cho sen a s  the de pendent var iable were se le c t e d  for 

the i r  abil i t y  t o  characteri se a par t i cular pa t t e rn of re sponse 

i . e .  the sa mpl e s  with the highe st  leve l s  were chosen  i n  

defining a hormonal pe ak ,  o r  with the lowe st i n  defining a 

na dir .  A lthough such a t e chni que cont a ined an e lement of 

sub j ect ivi ty , within a ny one analysis  o f  covar i a nce calcula -

t io n ,  the po st-trea t me nt sample s selected  we re the same for 

all  c a lve s .  
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CHAPTER THREE : EXPERI MENTAL SECTION 

3 . 1 EXPERIMENT 1 

3 . 1 . 1  Experimenta l  Design 

The aim of the fir st experiment wa s t o  ga in 

expe r ience i n  handling c a lve s ,  t o  t e st different te chni que s 

o f  c at heter i sa t ion,  ( see page 43 ) a nd t o  provi de some blood 

sample s for u se while ra dio-immunoa s says were be i ng develope d .  

Ther efore , c a l ve s  were ca theter i sed a s  they be came ava ilable 

o ve r  a two-mont h period , a nd no a t t e mpt wa s ma de to fol low 

a de sign or t o  c ontrol the experi me nt . 

Blo od samp�es  were t aken wi th two que st ions i n  

mind c once rni ng the ho rmone re sult s :  

( a ) '?.':ha t are the ba sa l  leve l s  o f  insul i n ,  GH Rnd 

pr ol a c t in in pla sma of cal ve s? 1Nha t are the ir  r a nge s a nd 

diurna l var ia t i o n  in level s? 

( b ) Do the pla sma leve l s  of GH and p r ol�ct in undergo 

change s dur i ng suckl ing , which are in any way s imi lar to or 

complementa ry t o  those whi ch take place in t he ma t erna l 

pla sma ( reviewe d on page s 17 and 29 ) ?  
Blood sampl i ng wa s ca rried o ut a t  interv a l s  of 

20 minut e s  or 3 0  minut e s  from 8 . 30 hours unt i l  17 . 00 or 

20 . 00 hour s .  Dur ing suckl ing , sampl es  were t aken a t  the 

rate  of one per minute for t he . 9-minut e  dura t i on of suckl i ng . 

Blood s a mpling was c arr ie d out a s  de scribed on  page 4 7 ,  

except tha t  n o  pla sma gluco se a ssay s were ca rrie d  out . 
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'Ial!l� AYI Calve s  and blood sampling in Expe r i ment . 1 

Calf Sex Birth ',Ve i �ht S!J�kl1ncr �am:t2lf:s D�1l� rs.o.gf: sam:J;l�s 
dAte ( Kg Da t e  T i me Fr om To 

7 F 2 2  MAr 17 . 7 27 MR r 15 . 4-5  

28 Ma r 9 . 20 

9 F 22 Mar 21 . 3  27 Mar 16 . 00 

28 Mar g . oo 
28 Mar  16  . oo  

X M 28 Me1 r 2 Apr 16 . 13 

3 Apr 9 . 02 9 . 00 - 19 . 00 

4- A:pr 9 . 02 9 . 00 - 17 . 00 

5 Apr 8 . 54 

8a F 28 Ma r 2 A pr 16 . 3 0  

3 Apr 9 - 14 9 . 00 - 19 . 00 

4- Apr 9 . 1 2  g . oo - 17 . 00 

5 Apr 9 . 05 

A F 8 Apr 3 4 . 0  17 1\pr ?> . 47 8 . 40 - 20 . 00 

19 Apr 9 . 02 

B M 8 Apr 28 . 1 17 J\pr 8 . 58 8 . 40 - 20 . 00 

c M 8 May '24 . 0  15 May 19 . 20 - ?.1 . 20 

16 May 9 . 1 5 9 . 00 - 16 . 3 5 

17 May 9 . 08 9 . 00 - l O . h O 
18  May 9 . 00 - 13 . 3 0 

D M 9 May 2 8 . 1  15 May 19 . 20  - '21 . 2 0  

16 May 9 .  2 2 ,  g . oo - 16 . 3  5 

1 7  May 9 . 08 9 . 00  - 10 . 40 

18 May g . oo - 13 . 3 0  

8b F 1 8  May 33 . 1  21 May 18 . 40 - 20 . 2 0 

22 May 10 . 3 5  9 . 1 0 - 1 2 . 3 0  

23 May g .  26 g . oo - 11 . 3 0  

24 May 9 . 00 - 17 . 3  0 

25 May 10 . 40 9 . 25 - 11 . 1 5 

28 May 9 - 3 5 - 1 2 . 45 



Tab le XVI ( cont i nued ) Calve s  a nd blo od sa mpl i ng i n  

Expe r i me nt 1 .  
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Cal:f Sex Bi r t h  
da t e  

We ight Suckling samples Daily range samples 
(Kg ) Da te T i me From T o  

1 1  F 20 May 34 . 9  21 May 16 . 40 - 2 0 . 20 

22 May 9 . 13 9 . 10 - 1 2 . 3 0  

23 May 9 . 06 9 . 00 - 1 1 . 3 0  

24 May 9 . 00 - 1 . 3 0  

25 May 10 . 50 9 . 25 - 1 1 . 1 5  

28 May 9 - 3 5  - 1 2 . 45 

For t he purpose o:f examina t ion o :f  re sul t s ,  e i the r  

r aw dA ta  were pl o t t e d  :for each i ndividual ca l :f ,  o r  comb ined 

r e sults  wi th t r a nsformed da ta  ( s e e  page 103 ) :fro m  j ust  one 

sa mpl ing se s si o n  :for e a ch i ndividual cal:f we re u se d. The 

c omb ined r e sul t s  were therefore not influenc e d  by t he varying 

number o:f sa mi.Jli ng day s :for ea ch c a l:f .  1,1\fhere there wa s a 

c ho i ce of day s , the one chosen wa s the :first  day i n  which 

sa mpl ing wa s c o mple te . 

3 . 1 . 2  Re sult s 

( a ) Diurnal pattern of hormone secretion 

Raw dat a  :fro m  indivi dua l  c alve s  are shown in 

Figure s 15 - 1 7 .  Pla sma insul i n  ba sa l  level s were unifor mly 

< 1 ng /ml , wi th de:fi ni t e  peaks of secret ion t o  2 - 6 ng /ml 

:foll owing i i:tme dia tely after suckl ing . The po st-su c kl i ng 

pe ak s were very o ften b i-modal , with an init i a l  peak wi thin 

t he fi r st hour , and a se cond pe a k  a t  2 - 3 hr a ft e r  suckling . 

One str iking :fea ture o:f the re sult s i s  tha t altho ugh the 

post-sucY� i ng pe ak a lways occurred t o  some e xtent , i t  wa s 
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variable in  it s s i ze .  Ca lf B ,  C a nd 8b showe d sma l l  

re sponse s , and c a n  b e  terme d 
I I 
low re sponders • Average d 

tr8nsformed data  ( Figure 1 8 ) shows how effect ive t he trans-

�orma t i on wa s , for minimi sing the high degree o f  sca t ter a t  

h igh pl a sma insul i n  leve l s .  

The GH re sul t s  showed a b a sal level of < 3 ng /ml 

for a ll calve s e xcept B, C and 8b . Peak concent ra t i on s  of 

approxima tely 1 0  ng /ml were mea sure d frequent ly ,  b ut were 

short -l ive d  and t he i r  fre quenc;y VF1 r i e d  between c a lve s .  

Figure l R ,  showing bulked transforme d �a ta , e xpha si z e s  tha t 

de spi t e  the var i ab i l i ty ,  GH leve l s  were lower for two hours 

followi ng the morning fee d ,  a nd for a shor t per i o d  a t  

a ppr oxima t e ly the t i me of the aft e rnoon fee ding , a n d  t he re 

were peaks  in GH leve l s  of mo st c n l ve s  a t  8bout mid- d8y . 

All  calve s showe d a basa l  prolac t i n  of 1 - 3 

ng /ml . A s  w i th GH data � peaks of secretion were sponta ne ous 

a nd va ri able . Averaging transfor me d data ( Figure 18 ) d i d  

not CR use a p a t t ern in pro la c t i n  pe aks  to  become apparent . 

( b )  Suckling and plasma hormone leyels 

Raw data of sa mple s  t aken imme dia t ely before , 

during a nd aft e r  suckling are shown i n  Figure s 19 - 21 . The 

uni formi ty o f  pla sma insul i n  basal  levels wa s evident aga in , 

a s  wa s the effec t ivene s s  of fee di ng a s  a st i mulus for i ns ulin 

secre t i on .  

I t  wa s hard  t o  de t e c t  any spec i fi c  t rend i n  the 

GH leve l s  dur ing suckling , a s  shown in Figure 20 . I f  GH 

l eve l s  were dro pping or r i si ng b e fore suckli ng ,  they 

conti nued to d o  s o  after  suckling.  The 951 fi duci a l  limits  
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for repe a t  mea sure me nt s  of the same s a mple were approxima tely 

.±. 0 . 5 ng /ml for a sa mple c on t a ining 5 ng /ml GH , incre a sing 

t o  ±. 1 .  0 ng /ml for a sa mple cont a ining 10  ng /ml GH ( see 

Table X I I ,  paee 9 7 ) ,  and t he sma l l  var iat ions with i n  C8 lve s 

dur ing suckl ing c ould  ea sily be acc ount ed  for by thi s vnr i a ­

t ion.  

In  some calve s ,  more acute cha nge s in trend c ould 

be seen in  the pr ola ct in leve l s  at the t ime o f  suckli ng 

( Figur e 21 ) .  However ,  the se were so  variable between suckl ing 

occa sions tha t no rela t i onship  t o  suckling wa s de tectabl e .  

Di scu s sion 

Foll owing suckl i ng ,  the rapid increa se i n  insulin 

leve l s ,  followed by sust a i ne d  high leve l s  for a per i od of 

more than three hours ,  wa s prob ably a refle c t i o n  o f  the 

forma t i on of a m i lk clot i n  the aboma sum ( Ra do st i t s  and 

Bell , 1970 ) . Ini t ially the milk i s  c oagulat e d  by rennin t o  

form a c l ot a n d  whey . The l a t t e r  i s  dige ste d rapidly , and 

begins t o  appe ar in  the duodenum within 5 minu t e s  of fee ding .  

The i mmediate  insulin secre t i on may have been c 8 u sed by the 

st imula t i on of milk entering the Aboma sum a nd of whey 

entering the duode num, a st i mula t i on which wa s possib ly 

medi8ted by 8 direct neur a l  pa thway or by chol e cyst okinin­

pa ncreo zymin ( CCK)  secret i on .  Ba ile et  al  ( 1969 ) ob serve d 

tha t i n  the goa t ,  CCK st i mulated  insulin sec re t i on l e s s  

well  than  i t  d i d  i n  monoga str i c  anima l s ,  a nd secre t in did  

no t sti mul8 t e  it  a t  al l .  Howeve r , they did  not  rule o ut 

the possib i l i ty t hat  i n  ruminant � the hormone s of the duo­

denum ma� neve r thele s� be of i mportance in a ll owing a rapi d 



insul in secret ion in a nt icipa t i on o f  increase d  abs orpt i on 

of gluco se . ChA se et  A l  ( 1977 ) a l so ob serve d a very ra pi d 

insulin re sponse t o  feeding i n  steers : since the r e sponse 

preceede d  cha nge s in port a l  me t Abolite  leve l s ,  a dire ct  
• 

neural st i mula t ion o f  the � cel l s  of the pancrea s  wa s 

t hought to  be re sponsible for imme di a t e  insuli n  secret i on .  

Where the insulin  secret i on appeared t o  re a ch 

a double pe ak , i t  could refle c t  the fa ct  tha t a s  whey 

119 

dige st i on b egins t o  b e  reduc e d ,  dige s t i ve p roduc t s  from the 

c a sein  c lo t  begin  to enter the duodenum.  The first  p eak 

wo uld be ma inta ined by t he dige s t i on a nd absorpt i on of 

l a c t o se in t he whey . Increa sed glucose concentra t ior. i s  of 

pr i mary import a nce in s timula t ing insuli n  secret io n  in a l l  

a n i mal s wh ich have bee n studied  ( Mayhew e t  al , 1969 ) and 

t here i s  some evi dence ( Stern et a l ,  1971 ) thA t  y oung 

rumina n t s  show a similar re sponse . Whethe r the gala c t o se 

moiety o f  t he 18 ctose dige st i on i s  effec t ive a s  a s t i mula t or 

of insulin secret ion i s  contr oversial : Pozza e t  a l  ( 19 58 ) 

stated t ha t  i t  , a s  potent , whi l e  Fie ld ( 1964 )  ci te d  re sul t s 

whe re i t  wa s observe d t o  be w i th out e ffect .  The second 

pe a k  cou l d  reflect the peak of absorpt i on of c a se i n  dige st ive 

pro duct s ; the product s would include amino ac i ds ,  some of 

whi ch a re e ffec t ive , e spec i a l ly in  t he pre sence o f  gluco se , 

i n  st imula t ing i n sul in se cre t i o n ,  in  both i sola t e d  rat  

pa ncrea s  ( Gerich et  a l , 1974 ) a nd in yivo in ruminant s 

( Davi s ,  197 2 : Hertelendy et  a l , 1970 ) . 

The situa t ion regarding i nsulin secre t ion  wa s 

relat ive ly si mple , all  calve s showing a umiform incre a s e  

following fee di ng , and a return t o  very uniform ba sa l  
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l e ve l s  a ft e r  3 - 4 hour s .  Thu s i t  A ppea r s  t ha t  the fe e d ing 

s t i mu l u s  i s  of over-r i di ng i mpo r t a nce in s t i m u l a t i ng i nsul i n  

se c r e t i o n .  T h e  s i t ua t i o n  i n  whi ch ca lf S a  (3  A pr i l ) , c a lve s 

B , C a n d  8b r e s ponde d ve ry much l e s s  than the o the r sa mpl i ng 

day s ,  c oul d we l l  be r e l a t e d  t o  s ome a dver se e nv i r o nme n t a l  

c on di t i on ca u s ing high r a t e s of e p ine phr i ne s e cr e t i o n .  Epi ­

n ephr ine ha s b e e n  sh own t o  i nhib i t  t he i n sul i n  r e s p o n se t o  

g l uc o se b y  me a ns o f  a n  Q -adrene r g i c a l ly- c on t r o l le d  me cha n i sm 

i n  i sola t e d  i sl e t s  of m i c e  ( He r ma nn and De cke r t , 1977 ) a n d  

t h e  i nhib i t i o n  ha s be e n  ob serve d in v ivo i n  r u m i na n t s 

( He r t e l e ndy e t  a l , 1969 ) . Howeve r , a c l o se s t udy o f  t he 

ob s e rva t i on s  ma de dur i ng b l o od s a m� l i ng d i d  no t reve a l  a�y 

re a s on s  or e v i de nce f o r  di scomfort i n  the se pa r t i c u l a r 

c A l ve s  a t  t h i s  t i me .  

The fa ct o r s  c on t r o l l i n �  secre t i on o f  GH a r e  more 

c o mple x ,  a nd have be e n  d i s c u s se d  a t  l engt h  in Cha p t e r  1 .  

Be c a u se o f  t he gre G t  va r i a t i o n b e t ween c a lve s ,  the numb e r  o f  

a n i ma l s  u se d  wa s i nsuffi c ie n t  f o r  fi rm c onc l u s i on s  t o  be 

dr awn . Hovv e ve r ,  the r e s u l t s a ppea r  t o  s o me e xt ent t o  

su �port t he v i ew t ha t  G H  r e l e a se de c re a se d  a ft e r  f o o d  i n t ake, 

and incr e a s e d  under c ondi t i on s  o f  low ene rgy sub st ra t a  le ve l s :  

F i gure 16 sho ws that t he r e la t i o n sh i p  he l d  more c ompl e t e ly 

a ft e r  the mor ning fee d , when fe e di ng t i me wa s more c o n s t a n t  

t h a n  i n  t h e  a f t e r no o n .  Such a pa t t e r n  wa s i n  a g re e me n t  wi t h  

o t he r  st ud i e s w i th r um i n a nt s ( Ba s se t t ,  1972 ) .  

T he re sul t s we r e  a l s o i n  a c c o rda nce w i th t he 

ob serva t i on t ha t  spon t a ne ou s  pe a l;: s  of GH s E: c re t i o n  o c curr e d  

a t  a ppr o x i ma t e ly regu l a r  i n t e rva l s t h r o ugho ut t h e  d ay ( Ta n ne n­

b a um a nd Ma rt i n ,  wo r k i ng w i th r a t s ,  1976 ) . The se a u t hor s 
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ob served a fre que ncy of 3 . 3 hour s i n  t he GH s e c re t i o n  cycle s ,  

a t i me t hs t  c a n  be se e n  t c  c o i nc i de wi th t he ma j o r p e alc s  

pr e se nt i n  Figure 18 . 

I t  i s  of i nt e re st t ha t c a lve s  B ,  C a nd 8b showe d  

incre 8 s e d  ba s a l  GH leve l s ,  s i nc e  t he se a re thre e o f  t he four 

c R lve s whi c h  ha d r e duce d i n sul i n  re s r onse s .  I t  h a s b e e n  

me nt i one d  on p a ge 12 0 tha t i nhib i t i o n  o f  t he i n s ul i n  re sponse 

c o u l d  ha ve b e e n  r e la t e d  to t he se c a lve s ha vi ng h ighe r  e p i ­

ne phr i ne l eve l s  t han the o th e r  c al ve s .  Ele va t e d  ba s a l  l e ve l s  

o f  GH c o u l d  a l s o  b e  a re s ul t  of h i gh e p i ne phr i ne l e ve l s ,  

be c a u se st i mul i d e s c r ibe d a s  ' no n-.f:hy s i c a l e x c i t e me n t  o r  

d i s t urb ance ' , i . e .  st i mu l i  wh i c h  a r e a s s oc i a t e d  wi t h  e p i­

ne phr i ne se c re t i on ,  have b e e n  s hown t o  r e su l t  i n  a t e n-fo l d  

i n c r e a se i n  G H  l e ve l s  i n  p l a sma o f  y e a rl ing st e e r s  ( E a t on 

e t  a l , 1968 ) . A l t e rna t ive l� t he s i multane o u s  ob s e rva t i o n of 

hi gh b a sa l  GH le ve l s  and l ow i n sul i n  secre t i on ,  se r ve s t o  

eup p o r t  t h e  n e ga t ive c or re l a t i o n  b e t we e n  t he two h o r mone s ,  

ob se rve d by B a s se t t  e t  a l  ( 197 1 )  a n d  6 ou l d  s i m1 lY be 

a s s oc i a t e d  w i t h  redu c e d  m i lk i n t a ke in the se c a lve s .  Milk 

i nt a ke wa s n o t me a sure d ,  a s  the c a l ve s  w er e  suckl i ng from 

C OV/S . 
The l a ck o f  a de t e c t ab l e  regul a r i ty or c a u s a l  

r e l A t i o nsh i p  i n  the pla s ma pr o l a c t i n  leve l s ,  ha s a l so b e e n  

found i n  o t h e r  i nve st i ga t i o ns i nt o  prola c t i n  l eve l s  o f  y o ung 

r u m i na nt s ( Bryant e t  a l ,  1 96 8 : Ha r t , 1974 ) .  Pr ola c t i n  

leve l s  have be en ob se rve d t o  be unre spons i ve t o  cha nge s i n  

pla sma e ne r gy s ub s t r a  t e  l e ve l s  i n  r umi na n t s ( McJ'\ t e e  a nd 

Tre nkl e , 1971 : Bryan t e t  a l ,  1970 ) ,  s o  i t  i s  to be e xpe c t e d  

tha t t hey w o u l d  not b e  r e l a t e d  t o  fee d i ng t i me s .  The leve l s  
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i n  the pre sent st udy we re ve ry much l ow e r tha n t ho se c i t e d  

for he i fe r s  ( McA t e e and T r e nkle , 1971 ) A noe s t r u s  virgi n 

go a t s  ( H a r t , 1974 )  or ki ds ( Bryant e t  a l ,  196 R ) a nd t hey c o u ld 

be o r e f le c t i on o f  t he a ssay c o ndi t i on s  ( s ee � age 94 ) .  
De spi t e  the l a rge numbe r  o f  inve s t i ga t i o n s  into  

ho rmonal cha nge s dur ing suckl i ng i n  the lact a t i ng mothe r  

ani ma l  ( Bryant e t  a l ,  196 � ;  Gr osvenor e t  al , 196 8 : Har t 

a n d  Flux , 1g73 : Sa under s  e t  a l , 1976 ) ,  there a re no 

para l le l  i nve st iga t i ons  in the young while they are b e i ng 

suckl e d .  Although the pre sent s t u dy wa s a pi l ot inve s t iga­

t i on in t h i s  re spe c t , a nd further w ork should be  ca rried out 

in whic h  mothe r  and yo ung are sampl ed s i mu l t a ne o u sly , i t  

a ppe a r s  a t  thi s s t a ge tha t pro la c t i n  and GH a re not i nvolve d  

i n  t he s uckl i ng re spon se o f  the young . The only repea table  

re spon se t o  fee di ng wa s the i n s ul i n  se c re t i o n , t ho ught t o  be 

a d i r e c t  r e sp o n se to the pre sence of milk i n  the aboma sum or 

of whey entering t he duodenum . I t  w ou ld be o f  i n tere st t o  

conduct further st udie s o f  p i t u i ta ry B nd adrenal hormone s o n d  

a d renergic re c ep t or mechani sms , t o  a scert a i n  whe t he r  the 

suc lcl i ng re sponse i nvolve d pa ra llel change s b et ween mo ther 

a nd young .  

3 . l . lf- Conclusions 

1 .  A s  with  o the r anima l s  st udied,  insul i n  leve l s  

were uni formly b e l ow 1 ng /ml in t he pla sma o f  t he se ca lve s ,  

e xce pt when unde r the st i mulus of e it her fe e di ng o r  dige st i o n ,  

whe n leve l s  r o se t o  2 - 6 ng /ml . 



2 . GH se cr·e t i on t ook I'la ce e pi sodi c a l ly in a 

I I 
random mo nner t hro ughout t he day , but with a pos sible 

t e nde ncy to rea ch a nadir a ft e r  fe e ding .  

/ 

3 .  Prolactin se cret i on also showed epi sodic  

behavi our ,  but w i th no  re la t i onshi p  t o  fee di ng .  

1 �3 

Apa r t  fr om t he insu l in r e sponse to  the fee di ng 

s t i mul u s ,  t he suckl ing st i mulu s  did  not have a repe a t able 

influe nce on the hormone leve l s  st udi e d  in  t he se young 

c n l  ve s .  



EXPERIMENT 2 

Experi ment a l  design 

The purpo se of Exper iment 2 wa s to ca rry out 

a pilot inve stigation into the effects of a cute intra-

Tenoua int'u aion t.hrough the ca t hete r ,  of cert a in agent s .  

Two o f  the trea tme nt s t e ste d we re gluco se and vol a t ile 

fatty ac i ds (VFA s ) , chosen in order to inve st igate the 

relationship between energy sub stra te l evel s ,  insul in and 

GH. I t  wa s hoped t ha t  t'ur ther light would be thrown on 

the same re lationshi p ,  by te st ing the effect s ot sodium 

salicyl a t e ,  an agent known t o  r edu ce levels of pla sma 

free ta t ty acids ( FFA s )  in ruminant s ( Hertelendy a nd 

K1pn1s, 1973 ) .  

table XVII Calves u sed in Experiment 2 

Calf no . Sex Date of b i rth 

7 

28 

29 

3 0  

M 

F 

F 

F 

23 July 

26 Ju ly 

26 July 

26 July 

Tlble xyiii OVer a l l  experi me nt a l  de sign 

Week beginning Treatment 

30 Jul7 Gl uc ose 

7 Augu st VFA 1 

Do sa ge 
( mM /kg )  

1 . 25 

1 . 25 

Weight on 
30 July 

25 . 0  kg 

25 . 5  kg 

20 . 0  kg 

22 . 5  kg 

Volume 
( ml lkg )  

0 . 5  

0 . 5  

13 Augu st Sodium sa l i cylate 40 mg lkg  0 . 5  

1VFA = a n  equimolar mixture of sodium a ce ta t e ,  sodium 

propionate and sodium butyra t e ,  brought t o pH 1 . 0  wi th 

sodium hydroxide . 
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:l:ti�RJ.a XIX Weekly t rea tment pro c e dure of Expe r iment 2 

Calf no . Tue sday We dne sday Thur sday - Fr i �Y 

7 c ontrol treatment t rea t ment cont ro l 

28 trea tment control cont ro l  trea t me nt 

29 c ont rol trea tment cont rol trea tment 

3 0  tre a t ment contro l trea t men t cont rol 

Four calve s were u se d  ( Table XVI I )  and a t hree­

week experi mental de sign wa s u se d  in whi ch each of the three 

trea tment s wa s given for one we ek only (Table XVI I I ) .  

Wi thin e ach week , the Monday wa s the t i me �or c a thete r i sa ­

t ion, or repl acing c a the te r s  i f  ne ce s sary , a nd Tue sday t o  

Fri day were four day s of bl o o d  sampl ing .  The expe r i ment 

wa s a reve r sa l  type , w i th trea t ment and cont rol days 

alternating �or each calf through two cycle s .  On e ach day , 

two calve s were trea te d ,  and two were i n t he c ontrol pha se 

(Table XIX ) . Cont r ol s  were g i ve n  0 . 5  ml lkg body we ight o f 

sterile phy si ologi ca l sa l i ne i n  a si r�le i n t ra venous dose 

through the c a the t e r .  

On ea ch sampl ing day , sampli ng commenced  between 

9 . 00 and 9 .3 0  hour s .  Two pre- t re a tme nt samples were taken 

15 mi nute s apart . The fir st t wo post-trea tment sample s 

were also a t  15-minute int erva l s , and five more sa mples 

were taken at 30-minute i nt e rva l s there a ft e r .  The b l o od 

sa mpling and separat ion procedure are de scribed on page 47. 
Ea ch cal f wa s fed 1 2% o f  i t s body we ight of mi lk, 

admini stered through a tea t , within an ho ur after the l a s t  

sample wa s taken. The weekly b o dy  we ight s o f  the ca lve s 

were mea sured .  



Re sul t s 

The we ekly body weight s of' the ca lve s a r� 

plot t ed in Figure 43 and rec orde d  in Table XLV. 
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Intravenous do se s of glucose and sa licyla te had 

no observable ert.ect on the c ondition of the calves.  

Howeve r ,  the VFA mixture cause d  an imme dia te re sponse of' 

muscula r spa sms lasting for about 5 minute s  after the 

infUsion in some calves .  Table XX indicate s the extent 

of the reaction in the di:fterent calve s .  Although it wa s 

ver.r variable be twe en c alves ,  each cal f  wa s consi stent over 

the two t reatment peri ods . 

'tlblo XX 

Calf no . 

7 

28 

29 
3 0  

Ob servations a :ft er int'usions of' VFA S 

Side -e :f:fec t s 

No e:t'f'ec t s  

Coughing, abdominal convulsions ,  
collapse 

De:t'eca t ion 

Coughing, violent defeca t ion 

Inj ections of' both gluc o se and VFA s increa sed 

insulin levels ( Figures 22 and 23 ) ,  the level s reached 

being signi fi cantly higher than after sal ine injection 

(Tables XXI and XXII ) .  Insuli n levels rea c hed were higher 

tollowi ng VFA treatment than :following gluco se , but the 

response to e a ch wa s  variable ( Table XXIV ) , and the 

difference be tween them wa s significant at only the 10% 

level . 
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Figure 22 • Pla sma leve l s  of 

a in sulin , c ) growth hormone and 
(d prolac t i n .  Mean for value s obtained on gluc o se 
t re a t ment days (solid lines ) and on cont rol days 
(broken line s ) .  Ver t i ca l  linea represent 
standard error of the me an b a se d  on variance between 
c a lve s within different sampl ing days .  



Table XXI 

Gluco se 

atg/106 al 

fn!u1 1n 
og 1 0  pg Jml : 

pg /Dll in 
pa renthe ses 

�g 1 0  pg /1nl : 
ng /111 in 
parenthese a 

�QJ.I��1D 
ng ADl. :  

ng .IDll in 
parenthe ses 
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Gluc o se t reat me nt : mea n  value s o� gl uc ose , 
insul in, GH and pro la c t i n  i n  pla sma �or 
di ��erent sample t ime s on day s o� glub ose 
and sal i ne trea t ment : 

NS = not sign i �i c a nt : + = p < O . l :  
++ = p<0. 05 : + + +  = p<O . O l :  di��erence 
be tween po et - t re a t ment sample s a dj u st e d  by 
c ovariance �or d i f�erenc e a  in pre -trea t ment 
level e .  

Sample s Gluco se Saline T p c 

1 -2 86 . 25 83 . 16 

3 14.5 . 25 84 . 07 + + +  NS NS 

1-2 2 . 6 591 2 . 69 26 

{ 4.56 . 1 )  ( 49 2 . 7 )  

3 2 . 8823 2 . 6 526 + +  NS NS 

( 76 2 . 6 ) { 44.9 . 8 )  

1-2 3 . 7934 4. . 001 2 

{ 6 .  209 ) { 10. 027 ) 

3 4. . 1112 4. . 0596 NS NS NS 

( 12 . 9 19 ) ( 11 . 471 ) 

1-2 1 . 204.41 1 . 2287 

( 1 . 4.51 ) ( 1 . 509 ) 

3-4. 1 . 1508 1 . 1693 NS NS NS 

{ 1 . 3 24 )  ( 1 . 36 7 )  

T 2 between t rea tment s { gluco se ve r sus sa line ) 

P = between pe riods ( Tuesday and Wedne sday ver su s  Thur sday 
and Friday ) 

C = between calves 



Figure 23 

( a ) 

(b ) 

( c ) 
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Time rrom infUsion ( minut e s )  

�tfeet ot � t!�atment. Plasma levels or 
a slueose . (b insul in, ( e )  growth hormone 

and ( d ) prolactin. Mean for va lues obtained 
on VFA treatment days ( sol i d  line s ) and on 
control days (broken line s ) . Vert ical line s  
repre sent standard error or the mean base d  
on �riance between calves withi n  different 
sampling days .  
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Table xxii VFA treatment : mean value s of glucose , , 

Glugose 
ag /100 ml 

Insulin 
log 1o pg Jml : 
pg /lnl in 
parenthe ses 

fm 
log 10 pg /1nl :  
ng /1Dl in 
parenthe se s 

�olaetin 
ng /Dll : 

ng /llll in 
parentheses 

insulin, GH and prolactin in plasma for different 

sample t imes on days of VFA and saline 

treatment . 

NS = not significant : + : p<O. l :  ++ = p<0. 05 :  
+ ++ = p<O . Ol : difference between post-treatment 

samples  adjusted by covariance for varying 

pretreatment levels.  

Samples VFAs 

1-2 

3 

1-2 

3 

1-2 

3 

1-2 

3-5 

86 . 8  

102 . 1  

2 .6837 

( 4.82 . 7 )  

3 . 1169 

( 1 , 308 ) 

3 .  7eo9 
( 5 . 022 ) 
3 .4.604 
( 2 . 887 ) 

1 . 2334 

( 1 . 521 ) 

1 . 1816 

( 1 .396 ) 

Saline 

85 . 6  

85 .6  

2 .  7654. 

( 582. 7 ) 

2.6918 

(4.91 . 8 )  

3 .4.22 

( 2 .642 ) 

3 .3491 

( 2. 234 ) 

1 . 1994 

( 1 . 439 ) 

1 . 0864 

( 1 . 180 ) 

T p c 

+ +  NS NS 

+ +  NS NS 

NS NS NS 

NS NS NS 

T = between treatments {VFAs  versus saline ) 

P a between periods (Tuesday and Wednesday versus Thursday 
and Friday ) 

C = between calves  
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Figure 24 Etfect of ��1icylate trfalment. Pla sma 
level s o �  a Glu c o se , b insul i n ,  ( c ) 
growth hormone and ( d )  prolactin. Mea n  for 
values o btai ned on sa l i cyla te tre a tment days 
( soli d line s )  and on c ontrol days (broken 
line s ) . Vert ic al l i ne s  r e pre sent s t a nda rd 
e rror or the mean, ba se d on variance between 
calves within d ifferent sampling day s. 
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tgble XXJII SalicYlate treatment : mean value s of �luco se ,  
insulin , GH and prolac t i n  i n  pla sma ror 
di fferent sample times on days of  salicyla te  
and  saline trea tment .  

Sa mple s 

Glucose 
mg /100 ml 

Insulin 
!og 1o pg Jrnl : 
pg /ml in 
parenthese s 

Wi 
log 1o pg /ml : 
ng /IDl in 
parenthese s 

�olactin 
ng /Dll : 

ng /lll1 in 
parentheses 

NS = no t significant : + = p<O . l : + +  = p<0 . 05 :  
+++ = p<O . Ol : difference betwe e n  post­
t rea tment samples  adj usted by c ovar iance for 
varying pre treatment level s .  

Samples Sal i cyla te Sa line 

1-2 
3 

1-2  

3 

1-2 

3-4 

1-2 

3 

9 0. 2 
8 5 . 4  

2 . 6 9 01 
( 489 . 9 )  
2 .  716 0  
( 520. 0 )  

3 .3 888  
( 2 . 447 )  
3 . 4 271 
( 2 .673 ) 

1 . 1470 
( 1 . 3 16 ) 
l . o636 
( 1 . 131 ) 

2 . 6 198 
( 416 . 7 ) 
2 . 5966 
( 39 5 . 1 )  

3 .6 28 2  
( 4 .  248 ) 
3 - 5377  
( 3  . 449 ) 

1 . 2841 
( 1 .649 ) 
1 .  2366 
( 1 . 5 29 ) 

T p c 

NS NS N S  

N S  NS NS 

NS NS + 

NS NS NS 

T = between t reatment s  ( salicyla t e  versu s saline ) 
P = between periods ( Tues and We d ver sus Thur s and Fr i )  
C = be tween calve s 



133 

Neither GH nor prola c t in levels changed in a ny  

signifi ca nt manner following gluc o se or VFA t re s t m�nt s 

( Figure s 2 2  and 23 , Table s XXI and XXI I .  The sa l i cyla te 

treatment influenced none of t he three hormones mea sured,  

nor glucose l evel s ( Figure 24 a nd Table XXI I I ) .  

:t�l2J.� Xl;;lY 

Calf no . 

7 

28 

29 

3 0  

Toble XXV 

Pla sma insul in le ve l s  ( ng /ml )  in ind ivi dual 

c a lves in the fir st sample a ft er glucose 

and VFA t rea tment s .  

!l�!d;"2�� �;cca:tm�D� m ��c�:tmsu.l:t 
Period 1 Per i od 2 Period 1 Per iod 2 

0 . 61 1 . 04 0 .3 5 0 . 97 
0. 86 o .  73 3 .  26 0 . 93 

1 . 08 3 . 39 3 . 87 5 . 29 

o .  23 0. 33  2 . 94 5 . 83 

Relat ionship between insulin re sponsivene s s  

and basa l  GH level s.  

Da t a  repre sent number of calf sampling 

occa sions falling into each ca tegory . 

Insulin l ow responde r s  = leve l s  < 1 , 00 ng /ml 

High ba sal GH leve l s  = minimum > 4 . 00 ng /ml 

Glucose t reatme nt da ta no t in parenthese s 

VFA treat ment da ta in parenthe se s 

Insul in low resp onders Insulin re sponders 

High ba sal GH 

Low ba sal GH 

4 

1 

( 0 ) 

( 3 ) 

2 

1 

( 2 )  
(3 ) 



3.2.3 Discussion 
The i n sul i n  r e sp on se t o  VFA trea tment �a s 

gene ra l �  gre a t e r  t ha n  tha t t o  gluco se . A s  gluco se di d 

no t rea ch such high pla sma l eve ls a ft e r  VFA t re a t men t e a  

i t  di d a ft e r  gluco se trea t me nt , the i n sul i n  secr e t i on 

wa s probably o c curr i ng a s  a d i rect r e s po nse t o  VFA s a s  

well a s  t o  glu co se . The finding tha t a c l o se r  rel a t ionsh i p  

ma7 e xi s t  be tween VFA leve l s  a nd insu l in s e cretion,  than 

between g luc ose l e ve l s  a nd i nsul i n  secr e t i o n ,  i s  in agre e ­

ment with fi nding s  for she ep ( Manna a n d  Bo da ,  1967 : 

Horino e t  e l , 1968 ) .  I t  see ms that in t he r umina nt 

panc re a s ,  the r ol e  o r  gluc o se may be diffe rent from the 

situ a t i o n  in in yitro stu die s with non-rumi na nt pancre a s ,  

where the pre sence of gl uc o se wa s found t o  be o f  primary 

impor t ance a s  a p o t ent i a t o r  o f  the insulin relea se ( Ger i c h  

e t  a l ,  1974 : Hermann a nd De ckert ( 1977 ) .  The study o f  

Amb o  e t  a l  ( 1973 ) i s  no t eworthy bec a u se the same do sage s 

o f  glu c o se and VFA s e a  were u se d  in t he pre sent study ,  

were empl oyed, and the insul in and gluc ose re sul t s obt a i ne d  

i n  sheep bore a very s t riking resemb l a nc e  t o  the o rde r of 

magnit u de o f  t he r e sponse s obt a ined here ( making all owa nce 

for t he fac t  tha t the VFA s were inj e c t e d  a s  a n  e quimo l a r  

mixt ure here ) .  

The rela t ive ly strong insul i n  re sponse t o  VFA s 

i s a r esponse which i s  c o ns t i tu t i onal for rumina nt s ,  a s  

the c a lve s used i n  thi s e xperiment ha d ha d no a c c e s s  t o  

sol i d  feed, and therefore would no t have been previou sly 

expo sed to rumen pr o duc t i o n  of VFAa. The same concl u si o n  

wa s reached b y  Her telendy e t  al ( 1969 ) ,  working w i th la mb s .  



Although t he re sponse seeme d t o  be o� physi ol ogi ca l 

signiri canc e  in re l a t i on t o  t he ab sorption or VFA s a s  the 

mai n energy substrates  in the a dult rumi na nt , i t s  role i s  

not �lly unde r st ood , in vi ew o �  t he �a c t  tha t when VFAs 

were admini stered intra -ruminally ,  the insulin re sponse 

wa s not ob served ( Ba ssett , 19 7 2 ) .  Moreove r , ini t ia l  insulin  

secret ion i n  re sponse to  f ood intake , wa s ob served t o  o c cur 

before a ny increa se in ab s orpti on o� dige st i on product s ,  

end was there�ore thought t o  be eli c i ted  by means o f  neural 

stimul i ,  ra ther than by me tebolites ( Cha se e t  a l , 1977 ) .  

The extreme va riabi l i ty o� the insul in re sponse 

( Table XXIV )  was a l so observed �or insulin levels a fter 

ree ding i n  Experiment 1.  As in Experiment 1,  it  i s  aga in 

of int er e st to a t tempt to c orrela te the phenomenon o� low 

re sponsi vene ss t o  the po ssible adrenergi c sta tu s  o f  the 

calve s .  I f  i t  i s  t o  b e  expe c t ed tha t h i gh endogeno u s  leve l s  

of  epinephrine e re the cause o f  low re sponsivene s s  o� � 
cells o f  t he pancrea s ,  the l ow responder s should be  the 

calves which showe d the mo s t  adverse rea c t ion t o  the VFA 

infusion. Compari son of VFA trea tment da t e or Table XX 

with i nsul in re sponse s of Table XXIV, ind i ca t e s  t ha t  1� a ny  

relationship exi s t s ,  h oweve r ,  i t  i s  the reverse ,  wi th the 

low re sponsive calf be ing the one wi t h  no s i de -e ffec t s .  

I n  Exper i men t l ,  i t  wa s al so observe d tha t the 

insul in low responsive calve s  were , in three ea ses  out of 

four , the only calve s  wi th GH basal  levels  o� mo re than 

� ng /ml . Table XXV shows re sul t s  o f  an i nve st iga t i o n i nt o  

the same relat ionship her e . There i s  no evidence tha t 

insuli n  low re sponsivene s s  c orrela te d with high ba sa l 

lev e l s  o �  GH in the pre sent exper i ment . 



The lack o �  re sponsivene s s  o� GH to any o �  

the treatment s ,  in e i ther directi on, means that thi s 
' 
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experiment ha s  no t shed any l ight on re la t i onship s  between 

energy eubstrate leve l s  and GH secret i on in young c a lve s .  

'!'he lack o �  resp.oneivene ss i s  unu sual �or ruminant s 

( Wa llace and Ba sse t t , 1970 : Stern et al , 1971 : Her telendy 

and Kipni s ,  1973 ) , but there a re many example s  o f'  GH being 

unrespons ive t o  the st imuli which cause i t s  secre t i o n  in 

man, in o ther spec ie s ,  e . g .  cat ( Kokka et al , 1971 ) ,  rabbit 

( Mcintyre and Odell , 1974 ) and mou se ( Schindler et  a l ,  

1972 ) ,  and the l i t era ture i s  d i sc ussed on page s 8 - 1 5 .  

The l a ck o �  r e sponsivene ss o f'  prolac t in t o  a ny  

o f' the t rea tment s i s  to b e  expe c ted i n  view o f'  the f'ac t  

tha t other workers have not f'ound any r e la t i onship betwe en 

energy sub stra te level s and pr ola c t in ( McAtee and Trenkle , 

1971 : Bryant et a l , 1970 ) .  

3 . 2 .4 Conclu sions 

1 .  The pre sent study i s  in agreement wi th o t her 

studi e s  with ruminant s ,  in tha t c ircula t ing VFA ( administered , 

at 1 . 25 mM /kg body we ight ) appear t o  stimula t e  an i ncrease 

in pla sma insul in levels more strongly than hyperglycaemia . 

2 .  G H  and prola c t in l evel s  in pla sma were not 

af'f'ected in any way by treatment wi th 1 . 25 mM /kg body weight 

glucose or VFA . 

None o f'  the three hormone s wa s influence d  by 

treatment wi th 40 mg lkg body weight sa l i cyl a te , an agent 
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which i s  known t o  decrea se pla sma �ree �atty a ci d  leve l s .  

The l eek o �  GH re sponsivene ss  t o  any o� the treat�ent s 

used, wa s unexpected in view o� other studies with 

ruminant s .  
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EXPERI MENT 3 

3 .3 . 1  ExPeriment a l  de sign 

Intravenou s arginine infUsion ha s been shown 

t o  el i c i t  an increa se in pla sma GH and insu l in leve l s  in 

almost all animals studied,  and it a l so eli c i t s  a prolactin 

re sponse in sheep ( reviewed on  page s 4,  9 and 28) .  In 

the pre sent experiment , the st imulus of an arginine 

infUsion t hrough a j ugular catheter , wa s use d  to inve sti­

ga te the re sponses of all three hormone s in calve s of 

different age s and wi th different degrees of rumen 

development . 

��l2J.a X�l Experi mental groups of c alves used in 

Experiment 3 

Group No.  Age Die t Dige st i on 
Mi lk Wea l 

Ml 5 l week fed by tea t none pr e-ruminant 

M5 5 5 weeks fed by t e a t  none pre-ruminant 

R5 4 5 week s  fe d by bucket meal + ruminant 
hay 

The expe rimental groups of ca lve s were a s  

described in Table XXVI . Calve s  were all female Jersey-

Frie sian c ro ss-bred.  The same ca lve s wer e  u sed a t  

di�erent age s tor group Ml and M5 , and milk wa s fed 

through a teat in order t o  st imula te oe sophageal groove 

closure and prevent rumina t ion ( arskov , 1972 ) .  R5 ca lve s 

were fed milk from a bucket and also given sol id teed 

from t he day they were obt a ined ( at 4 - 5 day s  of age ) 

in order t o  enc ourage early development of the ruminant 
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mode o'f digestion,  but o therwi se their trea tment ( 'e . g . 

housing e t c . ) wa s ident i cal end ha s  be en de scribe�, 

togethe r  with detail s o'f ca theter i sa tion and compo si t i on 

or meal , on page s 43 - 46 . 

Table XXYII Experimental  procedure for each 'five-day 

trea tment peri o d  in Exper iment 3 .  

Period Day Treat ment Do sage Molari ty Volume 
g /kg bw ml /kg bw 

l Control No solut ions admini stered 

( 2  Arginine 0 . 3  1 . 72 1 . 0  
Peri od  1 (3  NaC1 0 . 1  l .  72 1 . 0  

(4 Arginine 0. 3 1 . 72 l . O  
Period 2 

( 5 NaCl 0. 1 l .  72 1 . 0  

Al l trea tments were admini s t ered in a 30-sec ond pul s e  through 
the c a t h e t e r . 

The e xperime ntal de sign involved a five-day 

regime which was i de nt i ca l  for all three groups o'f calve s  

(Table XXVII ) .  Because the 1 . 72 molar arginine mono­

hydrochloride solution entering the circula t ion would 

cause an immediate i ncrea se in pla sma o smolali ty o'f 

approximately 18%, the saline treatment s were given a t  

the same volume and o smolal ity s s  the 1 . 72 M arginine .  

Solutions were made up t o  the appropria t e  volume and pH 

and then sterilise d  by autoclav1ng et 1 . 1 kg /cm 2 'for 

15 ainutes.  

As  in Experiment 2 ,  ea ch calf acted as  i t s  

own control wi thin each o f  peri od l and period 2 .  
However ,  the pre sent e xperiment di d no t invo lve e 
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reversal de sign end the order o f  treatment days we e the 

same for all calves .  

The blood sampling t echnique ha s been de scribed 

on page �7. Sampling began between 8 .3 0  end 9 . 15 hours 

each day. and wa s c ompleted by 1� . 00 .  at  which t ime 

feeding took place . On Day 1 .  ten 3 -ml blood samples 

were taken at regular 30-minute interval s .  On days 2 -

5 .  the fir st four samples were 10 minutes  apart for two 

samples before and two a fter each infu sion. and a t  3 0-

minute i ntervals  for samples 5 - 10.  

Calve s were weighed weekly , a nd their rectal 

temperature s were mea sured a pproxima tely once each hour 

on sampl ing days.  

3.3.2 Reoulto 
The growth pattern ot individual calve s i s  

shown i n  Figure �� and average growth ra tes i n  Table XLVI .  

The growth rates were higher for group R .  reaching the 

0,3 kg body we ight ga in per day ,  which the ir feed ra t ions 

predicted ( page �6 ) .  The i r  s olid feed c onsumption 

increa sed steadily throughout the experimental peri od 

(Figure �5 ) .  Growth rat e s  for group K were comparable 

with those obtained in Experiment 2 .  
The rectal temperature s are plotted i n  Figures 

�6 - �8 and show tha t  for both experimental weeks of 

group M. tempera ture s were uniform between 3 8 , 0  and 
0 39 . 5  c .  with no de tectable trend wi thin each week or . 

within each day . Group R wa e less homogeneous, tempera­

tures  varying between 37°C  and �o� c .  Each individual 



calr was relat ively constant in temperature , the wi de 

var iation being caused by differences between calve s .  
' 
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The calves showed ma rked behavi oural diffe rence s 

betwe en groups.  Group M5 showed indications of  over­

excitabil i ty ,  wi th suckl ing re sponse s made a t  any object  

withi n  reach at  t ime s of  blood sampl ing . Calves of the 

same age on solid  feed remained st ill and pla cid at 

sampling time s .  

Plasma level s o f  glucose and hormones in 

untreated c alves are shown in Figures 25 - 28 for 

individual calve s. Figures 26 - 28 and Table XXVI I I  

indicate that  plasma levels of a l l  three hormone s  were 

higher in group Ml than in the other groups , indica ting 

an age-related change in secre tion or utili sation rat e s .  

The gl uc o se median leve l s  were significantly lower in 

group R5 than in group M5 and Ml comb ined. 

Followi ng the arginine st imulus there was a 

rapid increa se in level s o f  insulin ( Figure 3 0 )  end 

prolactin ( Figure 3 2 )  in  ell calve s .  The prolactin 

increa se wa s slower  and le ss signiri cant ( Table XXXI I ) 

in week-old calve s ,  who se prolactin levels  were already 

higher than tho se o f  the other groups, but it wa s none-

theless consistent . There wa s a concurrent increa se in 

glucose levels  whi ch wa s observed in all calves .  but it  

wa s smaller and less  signi ficant in g roup R 5  ( Figure 29 

and Table XXIX ) .  I t  wa s followed  by a deep,  highly 

significant hypoglyca emia . 
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T8ble XXVIII Average of me dians and range s �or 

indivi dual c a lve s of sample s  taken on 

c ontro l day : unt ransforme d da ta . 

+ = p< O . l : ++ = p<0. 05 :  + + +  = p <O. Ol : 

ea ch group compared with other two groups 

combined by Ma nn-Whitney U test . 

Median Range 

M1 M5 R 5  M1 M5 R 5  

146 

Gluc o se 86 . 5  87 . 7 72 . 7++  19 . 8  11 . 7  13 . 0  
mg /100 ml 

Insulin 0 . 6 1++ 0. 24
+ 

0 . 45 0 . 30 0 . 24 0. 19 
ng /ml 

GH 6 . 51+++ 2 . 5  2 . 0  7 . 4 7 . 1  3 .3 + + 
ng /Dll 

Prola c t in 4 . 45 + + 1 . 9 5  1 . 92 2 . 34 ++  0 . 8 2++ 1 . 3 0  
ng /al 
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Figure 29 Pla sma levels o� gluco se .  Mean �or value s obt a i ne d  
o n  arginine trea tment days ( sol id l ines ) .  on saline 
treatment days ( broken line s )  and on control days 
( dotted lines ) .  Vert ical ba rs repre sent standard 
error o f  the mea n  ( SEM ) ba sed on va riance between 
calve s wi thin di��erent sampl i ng  day s .  
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Table AXIXa Pla sma glucose leve l s : mean value s for 
different sample t imes on day s or three 
di fferent treatment s .  

NS = no t  significant : + = p<O. l :  
++ = p<0. 05 : +++ = p<O. Ol : difference 
be tween post-trea tment samples adjusted by 
covariance for di fferences in pre-trea tment 
level s .  

Treatment s :  C=c ontro l . A=argini ne , S=sa li ne .  

Group Samples  Trea tment Signit'icence 

c A s A vs C A VS S S VB C 

)(]. 1-2  86 . 5  88 . 0  9 2 . 9  

3 90 . 0  105 . 9  9 0 . 9  + +  +++ NS 

6 86 . 8  3 5 . 7  96 . 5 + + +  + + +  NS 

115 1-2 9 0 . 0 83 . 8  81 . 7  

3 88 . 5  126 .4 79 . 0  + + +  +++ NS 

6 87 . 0  3 1 . 4  8 2 . 5 + ++ + + +  NS 

R5 1-2 7 5 . 2  89 . 5  81 .4  
3 73 . 0  1 06 . 6  8 0 . 4  + +  + +  NS 

6 68 . 7  39 . 9  85 . 5  ++ +++ NS 

Table XXIXb Pla sma glucose level s :  signi t'ieance of 

dit'fer ences  between gr oups of calve s  after 

arginine treatment , a djusted for pre-treatme nt 

means. 

ltl VS 115 

K5 VB R5 

Ill VB R5 

Sample 3 

+ + +  

+ + +  

NS 

Sample 6 

NS 

NS 

NS 
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Table XXXa Plasma insulin level s :  mean value s ror 
dirrerent sample time s  on day s  or three 
dirrerent treatment s .  Data expressed a s  
l og 10 pg /ml with untransrormed  data ( ng /ml ) 
in parenthe se s .  

Group 

IQ. 

M5 

R5 

NS = not significant : + = p<O . l :  
+ + = p<0 . 05 :  + + +  = p<O . Ol : dirrerence 
between po st -treatment samples  a djusted by 
covariance for di fferences in pre-trea tme nt 
level s .  

Treatment s :  C =control , A=arginine , S=saline .  

Sample s Trea tment Signifi c ance 

1-2 

3-4 

1-2 

3-4 

1-2 

3 -4 

c A 

2 . 818 2. 846 

( 0 . 6 6 ) ( 0 . 70 ) 

2 . 750 3 . 955  

( 0 . 56 )  ( 9 .  01 ) 

2 . 471 2 . 675 

( 0 . 3 0 ) ( 0 .47 ) 

2 . 37 4 . 27 

( 0 .  23 ) ( 18 . 6 ) 

2 . 6 3  2 . 5 5 
( 0 . 43 ) ( o. 36 ) 

2 . 6 1  3 . 97 

( 0.  41 ) ( 9 .  25 ) 

s A V S  C A V S  S S V S  

2 . 8 25 

( 0 . 6 7 )  

2 . 815 + + + + + +  NS 

( 0 . 6 5 ) 

2 . 709 

( 0 . 51 ) 

2 . 57 + + +  + + +  NS 
( 0 . 3  7 ) 

2 . 51 

( 0 . 33 ) 

2 . 51 + + +  + + +  NS 

( o.  3 2 ) 

T8ble XXXb Pla sma insu l in levels : signi ricance o r  

dirrerenc e s  b etween groups of c alve s a f'te r  

arginine treatment , adj usted ror pre-trea tment 

means. 

Ml V S  M5 

M5 vs R5 

Ml vs R5 

Samples 3 -4 

+ + +  

+ + + 

NS 

c 
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Table xxxi Pla sma GH l evel s :  mean value s  for different 
sample time s  on days of three different 
treatment s .  Data expressed a s  l og 10 pg /ml 
wi th untransformed data ( ng �l ) in parenthe se s 

Group 

n 

M5 

R5 

NS = not signi ficant : + = p<O . l  
+ +  = p<0. 05 : + + +  = p<O. Ol : difference 
be tween post-trea tment sample s a dj usted by 
c ovarianc e  for difference s in pre-trea tment 
levels 

Treatment s :  C=control ,  A=arginine , S=sa l i ne 

Samples 

1-2 

3 -5 

1-2 

3-5 

1-2 

3-5 

Treatment 
c A s 

3 . 79 3 . 66 3 .64 

(6 . 24- ) (4. . 57 ) ( 4. . 39 ) 

3 . 83 3 .61 3 .3 8  

( 6 • 8 2 ) ( 4-.  13 ) ( 2.  3 8 ) 

3 .4-6 3 . 14- 3 . 47 

( 2 . 88 ) ( 1 .37 ) ( 2 . 97 ) 

3 . 4-1 3 . 25 3 . 1 2 

( 2 . 59 ) ( 1 . 77 ) ( 1 .33 ) 

2 . 96 3 - 49 3 - 35 

( 0.  91 ) ( 3 • 08 ) ( 2 .  2 5 ) 

3 . 36 3 . 49 2 . 92 

( 2 .3 0 ) (3 . 12 ) 0 . 83 ) 

Signi ficance 
A vs C A VS 8 S V S  C 

NS + ++ + + +  

NS ++ + 

NS + + +  + ++ 
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Figure 3 2  Pla sma leve l s  or prola c t in.  Mean ror value s 
obta ined on arginine trea tment days ( sol i d  lines ) . 
on saline trea tment days (broken l ine s ) and on 
c ontrol days ( dotted line s ) .  Vertical bar s  
represent SEM ba sed on var i ance between calve s  
within different sampling day s .  



Table xxXIla Pla sma prolactin level s :  mean va lue s 
15� 

for different sample times on day s  of. three 
different trea tment s .  Data expre ssed a s  
ifng /ml with untransformed data ( ng /ml ) in 
parenthe se s .  

N S  = not si gni fi cant : + = p<O . l :  
+ +  = p< 0 . 0 5 :  + + +  = p < O . Ol :  di fference 
between po st-treatment samples adj usted by 
covariance for di fferenc e s  in pre-t reat ment 
leve l s .  

Trea tment s :  C= c ontrol , A=argini ne , S= sa l i ne . 

Group Sample s Trea t ment Signi fi cance 

R5 

C A S 

1-2 2 . 1 9 2 . 04 1 . 9 7  
( 4 . 8 2 )  ( 1  .. . 18 )  (3 . 9 0 ) 

3 2 . 09 2 . 3 2  1 . 83 
( 4 . 39 ) ( 5 . 39 ) (3 . 3 7 ) 

7 2 . 1 7  2 . 50 1 . 71 
( 4 .  72 ) ( 6 . 26 )  ( 2 . 92 )  

1- 2  1 . 44 1 . 38 1 . 69 
( 2 .  07 ) ( 1 .  9 0 ) ( 2 .  8 5 ) 

3 1 . 33 3 . 16 1 . 5 2 
( 1 . 77 )  ( 1 0 . 0 )  ( 2 . 3 2 )  

7 1 . 36 2 . 14 1 . 6 2  

1-2 

3 

7 

{ 1 .  86 ) ( 4 .  6 0 ) ( 2 • 6 4 ) 

1 . 3 7  1 . 3 1  1 .33 
( 1 . 87 )  ( 1 . 71 )  ( 1 . 78 )  

1 . 44 2 . 40 1 . 3 2  
( 2 • 08 ) ( 5 .  76 ) ( 1 .  7 5 ) 

1 . �1 1 . 59 1 . 27 
( 2 . 00 )  ( 2 . 5 2 ) ( 1 .6 1 )  

A V S  C A V S  S S V S  C 

NS NS NS 

NS + +  NS 

+ + +  + + + NS 

+ + +  +++ NS 

+ +  + +  NS 

+ + +  NS 

Table xxxllb Pla sma prolactin leve l s :  significance of 

Ill vs 145 

M5 vs R5 

Ml VB R5 

dirferences between gr oups of calve s a ft e r  

arginine treatment , a dju ste d for pre-treatment 

means. 

Sample 3 Sampl e 7 

+ + +  NS 

+ +  NS 

NS NS 
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GH level s were highly var i able , wi th l arge 

di��erence s b etween c al ve s  and a l so peaks o c c urring 

I I 
a pparently a t  ra ndom , wi t hi n  i ndivi dual c alve s .  The 

re sponse t o  a rginine wa s therefo re ra t her d i �fi cu l t  t o  

de tec t ,  and p la sma l eve l s  di d not differ from tho se 

o f  c ont ro l s .  

Fol l owing t he a dmi ni s t ra t i on o f  1 ml lkg 
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b o dy  weight (bw ) o r  1 . 72 M int ravenous sa l ine , a decre a se 

wa s no t e d  i n  both GH a nd pro la c t in level s .  A l th ough i t  

wa s  not s igni ficant for prol a c t i n .  i t  i ndi ca te d  a 

po ssible inhib i t ory e ffect o f  t he osmo t i c  st imu l us on 

pi tui tary func t ion . Beca u se the arginine i nfu s i on wa s 

l i kely t o  be bringi ng abcut the sa me osmo t ic e ffec t s ,  

a more real i st i c  in di cat i on o f  the effec t s  o f  a rgini ne 

� � may b e  given by the d i fferenc e between t he e ffec t 

of saline trea t me nt a nd of argi nine trea t ment ( Figure 33 ) .  

3.3.3 Discussion 
Gluco se level s in unt re a te d  c alve s w ere high 

in group Ml and M5 and s igni fic antly lowe r  i n  group R5 

( Figure 25 and Tab le XXVI I I ) .  The lower gluc o se leve l s  

appear t o  b e  a ss oc i a t e d  wi th the t ra ns i t ion t o  ruminant 

dige stion, but i t  wa s clear fro m  pre-trea tment l e ve l s  

shown in Figure 29 , tha t gluc o se leve l s  were r a ther 

Tariable and tha t thi s  re l a t i onship doe s not a lway s  hol d .  

T o  so� e xtent , t he refore , the da t a  support t he c oncl u s i on 

o� Pre s to n  ( 1963 ) a nd Huber ( 196 8 ) ,  t ha t  bl o o d  gluc o s e  

level s show a de c re a se wi th age dur ing the fir s t  s i x  

weeks o f  l i fe o f  the young c a l f, but that t he de c rea se 



i s  not necessarily a ssociated wi th the change t o  sol i d  

fee d  and ruminant status.  
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Insulin level s on the c ontrol day , followe d 

a similar general pa ttern t o  glucose leve l s , be ing 

highest in group Ml . Ta ble XXVI I I  indi cates  t ha t  group 

M5 had lower level s than group R5 , but aga in the pre­

treatment level s  shown in Figure 30 sugge s t  tha t thi s  wa s 

an age-related  rather than a diet-rela ted drop in 

insulin level s .  

The gluc o se and insulin re sponses t o  argini ne 

were not a re sult of the infusion i t self ,  or of the change 

in Qsmolali ty ,  beca u se no change wa s obse rved in re sponse 

t o  saline i nfusion ( Figures 29 and 3 0 ) . The t iming o f  

the glucose and insulin re sponse s indicated that t he 

increa se in both wa s a primary re sponse t o  the arginine .  

and tha t  t he subse quent hypoglycaemi a wa s a seconda ry 

effect  probably a t t ributable t o  the high i nsulin level s .  

The si ze o f  both peaks wa s significantly higher in g roup 

M5 than in ei ther of the other two gr oups ( Table XXI X  and 

XXX) • 

The new-born rumi nant i s  usually c onsi de red 

to  be functionally a monoga stric animal . By ma intaini ng 

one group of calve s on a die t  consi st ing solely of t ea t ­

adminis tered milk , it  wa s expec ted tha t  a monoga stri c 

mode of dige stion would be ma inta ine d  in group M5 , whi ch 

could then be c ompared wi th ruminant calve s of the same 

age . A decrea se in gluc o se utili sa tion rat e ,  a nd an 

increa se d  resi stance t o  insul in, are devel opment s which 

have been observe d to c orrela te with rumen development 
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( Stern et  a l ,  1971 ) .  Wha t wa s observe d here wa s contrary 

t o  what wa s expected in tha t there wa s vi rtually �o 

difference be tween the week-ol d c alve s and the �ive-week 

ruminant c alve s ,  and the change t o  soli d �eed die t 

appeared t o  bring about no change in the re sponsivene ss 

e ither o� the insulin sec re t ion . or o� the subse quent 

hypoglycaemi a . 

The increa sed re sponsivene ss of Group M5 i s  

l ikewi se ha r d  to expl a i n ,  because that group had one 

�actor ( e i ther age or die t ) in common wi th each of the 

o ther gr oups . It c a n  only be expla ine d a ft e r  a brief 

considera t i on of the rea son why arginine should e l i c i t  

peaks o f  glucose and insulin. There are t w o  endocrino­

logica l  mechani sms by whi ch a gluco se inc re a se could have 

occurred. 

1. A glucose increase IB a result of an epinephrine 
resDonse. 

There i s  very lit tle evi dence to sugge st 

that the arginine infUs ion brought about an epinephrine 

response . There were no signs o f  adver se si de-effects 

in the c alves ,  and no gluco se change following equimolar 

saline i nfU sion ( Figure 29 and Table XXIX ) . However ,  

such a response should not be ruled out , si nce the 

arginine dose admini stered wa s very much higher than the 

argini ne levels whi ch would na tura lly be reached in the 

circula t i on, and i t  may have caused a severe phy si ological 

imbalanc e . 

The five -week-o ld mi lk-fed calve s  were observed 



t o  be very mu ch mor e  re sponsive t o  human contac t  ( 1n 

t e rms of the ir phy sical a c t ivi ty and movement s )  than 

e i ther of the othe r two groups ,  and their de cre a s e d  
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body we ight ga in relat ive t o  group R5 ( de spite t he fa c t  

tha t  both groups were fe d a ra t i on c a lcula ted t o  pro duce 

t he same growth r a t e ) sugge s t s  t ha t  they were po ss ibly in 

a state o� conti nuous irri tab i l i ty a s  a re sul t o f  being 

deprive d  of sol i d fee d. I f  g roup M5 calve s were in s uch 

a state , an increa se d  epine phri ne o utput in re sponse t o  

a mi nor a dver se st imulus such a s  the a rgi nine i nfusion,  

c ould wel l  ha ve been the re sul t .  

2. Glucose increase as a result or glucagon secretion, 
The fac t  that glucagon ha s been found to  b e  

relea se d in re sponse to arginine i nfusion in i so la t e d  

perfused r a t  pancreas ( Gerich e t  a l ,  1974 : Pagl i a ra e t  

al , 1974 ) make s a gl ucagon-me di a t e d  gluco se r e sponse se e m  

l ikely . Moreove r ,  glucagon a nd insulin have been ob served 

to  be mutua l ly st imula tory ( pa ge 6 ) and a n  i nsul i n  re sponse 

of t he magni t ude of t ha t  ob se rve d in Figure 30 would be 

unl ikely to  occur in  the ab sence of a gl ucagon re sponse . 

Gl ucagon level s have been r e l a t i ve ly l i t t l e 

mea sure d i n  rumi nants ( Ba sse t t ,  1975 ) , and so one can  

only speculate on poss ible rea sons why gr ou p  M5 should 

have highe r gl uc o se and insulin peaks a fter  a rginine 

i nfu s i o n ,  tha n ei ther o f  the other groups.  Ei the r  it  wa s 

because the glucagon : i nsulin ra t i o  mome ntar i ly be c a me 

higher in group M5 than i n  t he othe r  group s ,  re sul t i ng i n  

a more intense st i mulus for gluco se re lea sej or be c a u se 
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the same amount of glucagon may have been secreted in 

all calves ,  but group M5 calve s  were more immedia�ely 

responsive t o  glucagon. The relatively shallow hypo­

glycaemia reached by ca lve s of group R 5 ,  co uld a l so be a 

c onsequence of  .a more sluggish response to gl ucagon than 

that of gr oup M5 . 

Ba sal leve l s of GH a nd prolactin were 

significantly higher in  the week-old calve s than in olde r  

calve s .  High neona tal GH levels have consistently be en 

observed in ruminant s ( Reyneart et al , 1976 : Hertelendy 

e t  a l ,  1969 )  and in non-ruminants { T suahima et al , 1971 ) . 

Prolactin l evels , on the other hand, are l ower i n  t he 

human foetus (Frie sen and Hwang ,  1973 ) and neonatal mice 

( Sinha et al , 1972 b ) , and no change wa s observed with 

age in very young bull s  ( Tucker et al , 1974 ) .  

Following the arginine st imulus , a peak in 

GH leve l s  wa s apparent only when account wa s taken of  the 

decrea se in GH levels a ft e r  a saline infusion a t  the same 

volume and osmolality a s  the arginine infu si on. Prolac tin 

level s i ncrea sed consistently following arginine treatment , 

although t he change wa s l e s s  significant in week-old  

calve s.  The pattern of the prolactin response between 

difrerent groups,  follows tha t  of insulin and gluco se to 

some extent , wi th group M5 calve s  being significant ly 

more responsive than eithe r  of the other two groups, which 

were not very different from each other. 

The prolac tin and insulin re sponses t o  the 

arginine treatment were consi stent with those found by 

other worker s  ( Dav i s ,  1972 ) , but the calve s in the pre sent 
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study appear to be unusual i n  not producing a similar 

and obvious  increa se in  GH leve l s ( Davi s ,  1972 : Herte­

lendY et a l ,  1970 : Stern et  a l ,  1971 : Reyneart et  al , 

1975 ) .  GH has a l so b een observed to be re leased  in 

response to glucagon st imula t i on in man ( Cain et a l , 

1970 ) so t he OH re sponse u sua lly observed eould  be e ither 

direct or an indi re c t  re sponse to the arginine infU s i on.  

The rea s on for the di screpancy regardi ng a 

GH response , may be tha t the do se of arginine used we e 

smaller t han that u se d  in other studies,  most o r  which 

used 0 . 5  g /kg bw, a s  c ompared wi th 0 . 3  g /kg bw used in  

the pre sent study .  There have been observa ti ons ( Herte­

lendy e t  al , 1970)  that the GH response was less 

sensitive t han the insulin r e spon s e ,  and wa s very much 

smaller a t  the l ower argini ne do sage of 0. 25 g /kg bw. 
In addit i o n ,  the GH leve l s  were highly variable between 

calves� and a l so individua l calve s  showe d ve ry large 

increase s in GH leve l s ,  whi ch seeme d to occur a t  ra ndom 

throughout the sampl i ng .  Despite the use o f  a loga ri thmic 

transformat ion , it  wa s  sti l l  apparent from these da ta 

that the mean GH l eve l wa s oft en di sproport iona tely 

influenced by the presence of just one abnorma lly high 

re sul t .  S o  a OH response,  already sma l l  because o f  the 

low arginine do se , coul d ea sily have been ma sked by the 

random fluc tua ti ons which a lso occurre d .  

• • 
The pre sence o f  random peaks in  GH l evels 

does not give any rea son for the OH a ssay to be sus�ect . 

because epi sodic GH rele a se i s  typi cal for mo st species  

( page 1 8  - 19 ) .  Moreove r ,  the same OH a s say sy st em wa s 



used in Experiment 5 ,  and re sult s of that experiment 

showe d that sheep and lambs produce d a repea table ,GH 

peak in re sponse t o  a n  argi ni ne infusion. 

162 

I t  is of int ere st that group M5 GH leve l s  

fe ll within a greater ra nge ( Table XXXI ) a nd had larger 

random peaks than in the other groups of calve s .  I t  

seems  tha t c a lves of group M5 were more re sponsive in all  

a spe c t s  of all hormone s mea sured,  than other ca lve s .  

S ince GH re lea se ha s many t i me s  been a ssoc i a ted with 

noxious st i muli and a dver se environmenta l c ondi ti ons in 

ca t tle and in prima tes  ( page 20 ) ,  the genera l over­

re sponsivene s s  of gr oup M5 could be re la t e d  to the 

abnormal i ty o f  depriving c alve s o f  five weeks of age , of 

s olid feed,  in tha t a milk-only diet  caused a severe 

degree o f  depriva tion or hunger ( page 159 ) .  

The signi fi cant de crease in GH followi ng the 

o smotic st i mulus o f  the saline treatment , coul d indi cate 

tha t increased osmola l i ty o f  the bloo d  ha d an inhibitory 

e ffect on pi tui tary funct ion,  with a po s s ible involvement 

of pitu i tary hormone s in the maint enanc e of constant 

o smotic  pre ssure in t he c ircula t i on . The decrease in 

prolactin levels at tha t time wa s no t significant , bu t i t  

di d occur i n  24 ou t o f  28 sa line trea tme nt s ,  and there­

fore lends support t o  the observation wi th GH . Other 

workers have sugge sted a simi lar involvement o f  p itui tary 

hormones in ma inte nance of o smo t i c  ba lance , but r e sul t s  

obtained have shown e i ther no relati onshi p ( Matthe i j . 

1977 ) or a stimula tory e ffec t of increa sed o smo t i c  

pre ssure o n  prola c t i n  secret ion ( Buckma n and Peake , 1973 ) ,  



a si tua tion which wa s the reverse of  the resul t s  of 

thi s st udy . 

3.3.J.. Conclusions 

1 .  Plasma level s  o f  glucose and o f  the three 

hormone s mea sured,  all decreased with age during the 

first 6 weeks of  l i fe of the calve s,  but it  wa s not 

clear whether or not the decrea se was rela ted to the 

change to the ruminant mode o f  dige sti on. 
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2 .  Pla sma gluc o se and insulin level s both rose  

immediately following a s ingle intravenou s bolu s o f  

0 . 3 g /kg body we ight o f  argin ine . Plasma gluc o se levels  

then fell t o  produce a dee p  hypoglycaemia , while insul in 

returne d to ba sa l leve l s  more sl owly . 

3 .  The glucose and insulin re sponse s were rather 

similar be tween the week-old  calve s  and the five -week-old 

ruminant c alve s .  However , the five-week-old milk-fed 

calve s were significant ly more responsive than the other 

two groups,  both in the size and extent o f  the insulin 

and gluco se peaks , and aleo in the extent of the hypo­

glycaemia . 

� . There wa s no obvious GH re sponse to the 

arginine infusion. However , if intravenous infU sion of 

saline which wa s e quimolar to the arginine dosage , wa s 

given, i t  brought about an immediate decrea se in GH 
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levels.  When the re sponse t o  saline wa s taken int o  

account , i t  appeared tha t  the arginine wa s preventing the 

inhibit i on cause d by saline , and therefore tha t the 

arginine � � wa s possibly having a stimulatory effec t  

on GH secre t ion. 

5 .  Pla sma pro lac t in leve l s  increa sed in response 

to the arginine inrusion. The increa se wa s smalle st in 

the week-old calve �  whose prolac tin  levels  were a lrea dy  

higher than in the other groups. The prolac tin increa se 

wa s s igni ficantly larger in the five-week-ol d milk-fed 

calve s than in ei ther of the other two group s ,  a 

situa t i on which also appl ied in the ea se of the re sponses 

of insulin and glucose levels  to arginine . 

6 .  The five-week-old milk-fed calve s  showed 

larger o sc illations in the epi sodic peri ods of GH 

secreti on than the other calve s. This ob serva t ion, and 

the gre a ter responsivene ss of the same group of calve s  

i n  the other re spect s studi ed, was di scusse d  i n  relat ion 

to  their possible adrenergic status  and in relation to 

the role of glucagon . 



EXPERIMENT 4 
Experimenta l  de sign 

The a i m  of Experiment 4 wa s t o  investiga t e  

the rela t i o nships between energy substrate levels  and 

16 5 

insulin and GH level s in  more de t a il , Experiment 2 having 

been only a pilot experiment . I t  wa s al so of interest t o  

conduc t a further inve st iga tion i nt o  the di fferent 

hormonal cha racteris t i c s  of the t hree groups of calve s  

treated in the same way a s  in Experiment 3 .  

Two point s were conside red:  

( 1 ) Would the trea tment effect s ( effe c t s  of age 

and diet ) on hormone and gluco se levels shown in 

Experiment 3 ,  be repe atable in another experiment? 

( 2 ) Because the different response t o  arginine in  

the three groups involve d differences in insulin and 

glucose , the different response s t o  arginine seemed t o  be 

a reflection of a diffe rent type o f  energy substra te 

metabol i sm i n  the three groups .  Further l ight would be 

Shed on the phenomenon by direct invest iga t i on of the way 

in whi ch insul in and glucose level s  inter-relate in  the 

three groups .  

The experimental c ondi tions of the groups of 

calves were i denti cal to tho se followed in Experi ment 3 ,  

except tha t  there were consi stently only four calve s  in 

each group. and c a lve s were fe d sufficient for a body 

weight gai n  of 0. 5 kg per day , ra ther than 0 . 3 .  The 

calve s were a ll female Friesian-Jereey cros s-bred. 
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:l:al2;La XXXlll Experimental procedure for each six-day 
sampling period.  

Perio d  Day Treatment Dosage Volume 
ml lkg bw 

1 1 ( saline 0 . 9% NaCl 0.625 
2 ( insul in o .  75 U lkg bw 0 . 625 
3 ( glucose 1 .4 mM/kg bw 0 . 6 25 

2 4 ( saline 0 . 9% NaCl 0 . 6 25 
5 ( insul in o. 75 U /kg bw 0 . 6 25 
6 ( gluco se 1 .4 mM/kg bw 0. 625 

The experime ntal procedure is outlined in 

Table XXXI I I .  In the present experiment , no attempt wa s 

made t o  allow for the dirferent o smolali ty o f  the 

infused solutions. Gluc o se ( May and Baker Lt d. , U . K. ) 

wa s di ssolved before sterili sing the solut i on by auto­

claving ,  and insulin wa s added in a sterile manner by 

�ringe , to physiologi cal saline which wa s pre-autoclaved. 

Insulin wa s given in the form of protamine-zinc insulin 

( &·rroughs Wellcome Co . ( NZ )  Ltd . ) .  All treatment s were 

administered in a 3 0-second pulse through the catheter . 

As  in experiment s 2 and 3 .  each c alf a cted 

as its own control wi thin each of period 1 and period 2 .  

In the pre sent experiment , however , the sequence o t  the 

three treatment s within each period,  wa s cho sen at random, 

in order to  overcome the effects of external  factors whi ch 

could have been changing from day t o  day .  The order wa s 

therefore different and unpre di ctable within each �eriod 

for each individual calf.  The blood-sampling regime 

wa s i dentical to tha t followed on the trea tment days of 

Experiment 3 . 
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Group Ml Group M5 Group R5 

Average of medians for indivi dual 
calve s ,  of hor mone levels in pla sma 
sample s  taken on control day during 
Exper iment 3 ( whi te  ba r s ) and 
Exper i ment 4 ( black bar s ) . 



T8ble xxxiV Average of me dians and ranges for 

individual calves of samples taken on 

contro l day : untransformed data . 

Gluco se 
mg /100 ml 

Insulin 
ng /Jill. 

+ = p<O. l :  ++ = p<0 . 05 :  +++ = p<O . Ol :  

each group c ompared with other two groups 

comb ined by Mann-Whi tney U te st . 

Median Range 

Ml M5 R5 Ml M5 R5  

87 . 5 85 . 9  89 . 9  13 . 5  15 . 9  13 . 0  

0 . 51+ 0 . 45 0 . 40 0 . 81 0 . 47 0 . 58 
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GH 9 . 83 6 . 93 5 .  76 1 2 . 27+ 23 . 3 8++16 . 55 
ng /Jil 

Prolactin 2 . 18 1 .39+++2 . 89 +++  
3 . 07 3 . 12+ 2 . 3 7  
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Table xxxya Pla sma gluco se levels : mean value s  for 
different sample t ime s on days o f  three 
di fferent treatment s .  

NS = not signi ficant : + = p<O . l :  
++ = p<0. 05 : + + + = p<O . Ol :  difference 
between post-treatment sample s adjusted 
by covariance for difference s in pre ­
t re atment level s .  

Treatment s :  S= saline ,  G=glucose . !=insulin.  

Group Sample s  Trea tment Significance 

s G I G V S  I S vs I 

l-2 9 0 . 9  8 5 . 2 89 . 1  

3-5 88 .3  147 . 4  47 . 6  + + +  ++ + 

M5 1-2 91 . 1  87. 1 93 . 9 

3 -5 84 . 6  141 . 1  58 . 2  + + +  + + +  

R5 1-2 9 2 . 7  90 . 4  94 .3  

3-5 89 . 6  145 . 7 55 . 5 + ++ ++ +  

T8ble XXXYb Pla sma gluco se l evel s :  significance of 

difference s  between groups of calves a t  

particular times a fter treatment . 

s 

G,  sample 5 I ,  sample 4-5 I ,  sample 7-10 

Ill VB M5 NS + + +  NS 

Ill VS R5 NS + +++ 

M5 vs R5 NS NS + + +  

vs G 

+ + +  

+ + +  

+ + +  
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Figure 36 

T ime from infusion ( minute s )  

Pla sma insul in level s after t reatment wi t h  
insulin  ( solid  l ine a ) , gluc o se ( broken 
l i ne s )  or physiologica l saline ( do t t ed 
l ine a ) . Mea n  for value s obta ined on days 
of each t rea tment , wi th vert ica l bar s  
represent ing SE M ba se d o n  variance between 
calve s  wi thin di fferent sampl ing day s .  
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Table XXXVIa Pla sma insulin  level s :  mean values for 
different sample t imes  on days of three 
different treatment s. Data pre sented a s  
log10 pg /ml with untransformed data �ng /ml ) 
in parenthe se s .  

NS = not significant : + = p<O . l :  
+ +  = p<0. 05 : +++ = p<O . Ol ; difference 
between post -treat ment sample s  adjusted by 
c ovariance for difference s in pre-tre a tment 
level s .  

Treatme nt s : S=saline ,  G=glucose , !=insulin. 

Group Sample s Trea tment S ignificance 

IU 1-2 

3 -5 

M5 l-2 

3 -5 

R5 l-2 

3-5 

s G I 

2 . 72 2 . 66 2 .66 

( 0 . 52 ) ( 0 . 46 ) ( 0 . 46 )  

2 . 81 3 . 09 3 . 74 

( 0 .  64 ) ( 1 .  24 ) ( 5 .  48 ) 

2 . 63 2 .63 2 . 71 

( 0 . 43 ) ( 0 . 4 2 )  ( 0 . 51 )  

2 . 76 3 . 1 7  3 . 75  

( 0 . 58 ) ( 1 . 4 8 ) ( 5 . 6 1 ) 

2 . 56 2. 57  2. 6 2  

( 0 . 3 7 ) ( 0 . 3 8 ) ( 0 . 42 )  

2 . 7 2 3 . 27 3 . 78 

( 0 . 53 )  ( 1 . 87 )  ( 5 . 98 ) 

G V B  I s V S  I s V B  

+ + +  + + +  NS 

+ + +  + + +  + + +  

+ + +  + + +  + + +  

Table XXXVI b Pla sma insu l in level s :  s igni fi cance o f  

differences between groups o f  calves a t  

particular t ime s after t re atment . 

G ,  3-5 I .  6 

IQ. V S  115 NS NS 

10. vs R5 NS NS 

115 vs R5 NS NS 

G 
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Figure 3 7  Pla sma growth hormone level s aft er treatment 
with insul in ( solid  line s ) , gluc o se , (broken 
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Mean �or value s obtaine d  on days of each 
treatment , w i th ver t i ca l  bar s  repre sent ing 
SEM ba sed on variance be tween c alve s  wi thin 
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Table XXXVIIa Pla sma GH levels : mean values for 
difrerent sample t ime s on days of t hree 
di�ferent t rea t ment s .  Da ta pre sented a s  
log 10 pg /ml wi th untrans�ormed data ( ng /ml ) 
in parenthese s .  
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NS = not significant : + = p<O. l :  + + = p<0 . 05 :  
+++ = p<O . Ol :  di�ferenc e  between post-treat ­
ment sampl e s  a dj usted by c ova riance for 
va�ing pretreatment level s.  

Treat ment s :  S= sal ine , G=glucose , !=insul in. 

Group Sample s Treatment Signifi cance 
S G I G vs I S vs I S vs G 

Kl l-2 3 .94 4 . 01 3 .9 5  

3 -5 

( 8 .  7 4 )  ( 1 0 .  2 ) ( 8 .  96 ) 

3 . 86 4 . 04 3 . 9 0  
( 7 . 18 )  ( 11 . 0 )  ( 8 . 04 )  

8-10 3 . 99 4 . 02 3 - 54 
( 9 . 77 ) ( 10 .4 ) ( 3 . 44 )  

15 1-2 3 . 74 4 . 16 3 . 86 
( 5 • 6 0 )  ( 14 • 6 ) ( 7 • 3 0 ) 

NS 

+++ 

3 -5 3 . 59 3 . 93 3 . 73 NS 

R5 

(3 . 89 )  ( 8 . 4 5 ) ( 5 .34 ) 

8-10 3 . 69 3 .48 3 . 23 + 

1-2 

3-5 

( 4 . 9 2 ) (3 . 00 )  ( 1 . 70 ) 

3 . 74 3 .99 3 - 93 
( 5 • 50 ) ( 9 • 71 ) ( 8 • 61 ) 

3 . 59 3 .60 3 .63 
( 3 • 43 ) ( 3 • 96 ) ( 4.  2 7 ) 

8-10 3 . 75 3 - 94 3 .33 
{ 5.  6 6 ) ( 8 • 8 0 )  ( 2. 16 ) 

NS 

+ + + 

NS 

+ + +  

NS 

+ +  

NS 

+ + +  

%1ble XXXYIIb Pla sma GH l evels : signifi cance of 
differences  between groups o -r  calves at 
particular t ime s after t reatment . 

Groups Saline Glucose Insulin 
3 -5 8-10 3-5 8-10 3-5 8-10 

IQ. VS 15 NS NS NS +++ NS NS 

IU VS R5 NS NS + + +  NS NS NS 

15 VS R5 NS NS ++ + ++ NS NS 

NS 

NS 

NS 

NS 

NS 

+ +  
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Figure 38  Pla sma prolac t in levels a fter trea tmen t  
with insulin ( so l i d  l i ne s ) ,  glucose (broken 
line s ) or physiologi cal  sa line ( dott e d  l ine s ) .  
Mean  for value s  obtained on day s of each 
t rea t ment s ,  with ver t ical bar s repre senting 
SEM ba sed on variance  between ca lve s within 
different sampl ing days . 
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Table XXXXIIIaPla sma prola c t in level s :  mean values for 
different sample time s  on days o f  three 
different trea tment s .  Data presente d  a s  
ifng Jml with untransformed dat a  ( ng /mL) in 
parentheses .  

NS = not signi ficant : + = p<O . l :  + +  = p<0 . 05 : 
+++ = p<O . Ol : di fference between post­
treatment sample s  adjusted by eovarience for 
varying pre-treatment levels.  

Treatment s :  S= aal ine . G=gluco se ,  ! =insulin. 

Group Samples Trea tment Significance 

)(5 

R5 

s G I G VB I s V B  I s V S  G 

1 - 2  1 . 67 1 . 53 1 . 55 
( 2 . 80 )  ( 2 . 33 ) ( 2 . 41 ) 

3-5  1 . 6 0  1 . 51 1 . 55 NS 
( 2 • 57 ) ( 2.  29 ) ( 2 .  3 9 ) 

8-10 1 . 49 1 . 51 1 . 70 NS 

1-2 

( 2 . 23 )  ( 2 . 27 )  ( 2 . 89 )  

1 . 28 1 .3 7  1 .37  
( 1 .64 ) ( 1 . 88 )  ( 1 . 87 )  

3-5 1 . 13 1 . 14 1 . 21 NS 
( 1 . 28 )  ( 1 .30 ) ( 1 .47 ) 

8-10 1 . 12 0 . 99 1 . 3 5  +++ 

1-2 

{ 1 . 27 )  ( 0 . 9 7 ) { 1 . 83 )  

1 . 71 2. 02 2 . 14 
{ 2 .91 ) ( 4 . 07 )  (4 . 59 )  

3 -5 1 . 71 1 . 77 1.67 NS 
( 2 . 9 5 )  {3 . 14 )  ( 2 . 78 )  

8-10 1 . 62  1 . 9 0  2. 08 NS 
( 2 . 63 } ( 3 . 6 0 )  (4 .33 ) 

NS NS 

NS NS 

NS NS 

NS ++ 

++ NS 

NS NS 

Table Xl)hVII!b Plasma prolactin levels :  significance 
of differences between group s of calves a t  
particular t ime s after treatment s.  

Groups Saline Glucose Insulin 
3-5  8-10 3-5 8-10 3 -5 8-10 

Ml. VB M5 + NS ++ ++ NS NS 

JU V B  R5 NS NS NS NS NS liS 

15 VB R5 ++  NS + +++  NS NS 
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Results  

The weekly body weight s of the calve s  are 

recorded  in Figure 49 . All calves ma inta ined excellent 

health, except Calf 20 ( group Ml ) ,  whi ch developed severe 

blood scouri ng after the first sampling week wa s over.  

For the five-week-ol d  sampling week, i t  wa s replace d by 

Calf 1 8 ,  a calf of the same age , whi ch had previously 

been fed a die t  consi st ing only of l i qu ids admini st ered 

through a tea t .  Be cause of the lack of cont inuity brought 

about by using two di fferent calve s ,  however , the body 

weights of nei ther have be en recorde d  in Figure 49 . 

Calf 18 ha d also previ ously been shown by ra diography 

t ha t  all  of  i ts die t  wa s by-pa ssing the rumen ( Dr .  I . M. 
Brookes 1 , personal c ommunica t i on ) , a re sult whi ch c o n­

�irmed tha t  tea t-feeding wa s effec t ive in stimulating 

oesophageal groove closure . 

Table XXXIV shows the average within each 

group, of the median hormone level for each cal f, of 

the sample s taken on the days of saline trea tment , and 

Figure 34 shows a c ompa rison between median da te ,  and 

that obta ined on control days of Experiment 3 .  In the 

present experiment , insulin level s were significantly 

higher in  week-o l d  calve s than in five-week-o l d  calve s  

of either group , and GH level s were also higher in 

young calves ,  a lthough the di fference wa s not signifi cant . 

Prolact in level s were signifi cantly higher in five-week­

old ruminant calve s .  

1 Dr . I . M. Brookes ,  Department o f  Dai ry Husbandry , 

Ua aaey Univer si ty,  Palmerst on North. 
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Following glucose infUsion, there wa s a large 

insulin secret ion in a ll groups o� calves ( Figure 36 , 

broken line ) . The increase in insulin levels wa s o� t he 

same order in a ll groups .  but wa s highly significantly 

different fr om the saline treatment in only the two groups 

of five-week-old calves (Table XXXVI ) .  The insulin l evels 

of week-old calves a l so returned to pre-trea tment levels 

more rapi dly than in the other groups . There were no 

significant differences between groups in the 
• 
gluc o se 

• 
t olerance , i . e . the time taken for glucose l evel s  t o  

return t o  basal level s ( Figure 3 5 ) . There were no 

significant GH or prolactin re sponses t o  gluc ose t rea t ­

ment ( Figure s  37 and 3 8 ) .  

After insul in treatment , glucose levels 

decrea sed drama tically ( Figure 3 5 ) ,  the response being 

more rapi d in week-old calve s t han in either of the other 

two groups . a s  shown by the signifi cant d ifference between 

glucose level s  between groups during samples  4 - 5 after 

insulin ( Table XXXV) .  The fall in glucose level s  wa s 

highly significant in a ll groups (Table XXXV ) ,  l a s t i ng 

until after the t ermination o �  sampl ing .  Table XXXV a l so 

i llustrates that i t  wa s signi fi cantly deeper in  the two 

groups o� milk-fed c alves ,  than in the ruminant calves .  

There wa s no immediate GH change following the 

insulin t re atment . but a significant decrea se in pla sma 

GH levels occurred consi stently in all groups o� calve s ,  

2 - 3 hours after the in�us ion ( Figure 37  and Table XXXVI I ) .  

At  the same time a s  the GH de crease , prolactin leve ls  ( a l so 



init ia lly un-responsive ) were elevated, but not 

signi�icant ly in relat ion t o  l eve l s after saline 

treatment ( Figure 3 8 ,  Table XXXVI II ) .  

Di scu�sion 

( a )  Saline treatment 
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For insulin and GH levels on the days of 

saline treatment , the result s in Table XXXIV agree to some 

extent with Table XXVI I I ,  Experiment 3 ,  in tha t  leve ls of 

both hormones were higher in week-old calves ( Figure 3 4 ) .  

However ,  the present experiment showed no age -rela ted 

decrea se in pla sma gluco se levels ,  and also the di stribu­

tion of the prolactin data was very different from tho se 

observed in Experiment 3 ,  with group R5 having significantly 

higher level s.  The range of all hormone level s wa s 

generall7 much grea ter than in Experiment 3 ,  e specially in 

group M5 . 
One characteristic o� the result s  obta ined on 

•aline treatment days,  wa s  an increa se in insulin leve l s  

i n  sample s  2 - 5 .  I t i s  unlikely that the increased 

insulin level s were c aused by insulin secretion in re sponse 

to the in�usion, because insulin level s began t o  increa se 

b e�ore Sample 2, before the infU sion, and a l so no effect o� 

saline was seen on insulin se cret ion in Expe riment s 2 or 3 ,  

or b7 other workers e . g .  Amb o  et al ( 1973 ) ,  Horino et al 

( 1968 ) .  The only fea sible explanation for the phenomenon 

i s  that c ontamination wa s occurring between samples.  The 

experime�tal de sign require d tha t  saline-trea ted ca lves 
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should be sampled within 1 minute or insulin trea te d 

calve s ,  and all sample s centriruged i mmediately : the same 

syr inge wa s used ror sampling all  rour calve s on any one 

day , and the same Pasteur pipe tte  wa s used ror each group 

or s i x  sample s be.ing centrifuged. Although both syringe s 

and pipettes  were rinsed between sample s ,  insul in a dheres 

strongly to  glassware ( Ya low and Berson, 196 0 ) ,  

and a l so the insulin sol ution being a dministered  t o  the 

calve s wa s 36 x 106 t ime s a s  c oncentrated a s the leve l s  

being measured i n  the pla sma o r  c ontrol calve s .  Thus the 

degree or contamina t i on which led t o  a doubling or 

trebling or basa l  leve l s ,  repre sent s only a minu te fra c tion 

or the amount being handled. The same problem wa s not 

enc ountered in the gluco se levels , because the solut ion 

being admini stered wa s only 252  t ime s plasma gluco se 

l eve l s .  

( b ) Glucose treatment 
The insul in contamina tion could have been 

surricient to render the insulin  control da ta invalid  in 

the pre sent experiment . By the same proc e s s ,  the insulin 

levels rollowing gluco se treatment would a l so be expected 

to have the same degree or contami nation with insulin : 

thererore a compari son or the leve l s  mea sured arter 

glucose tre a tment , wi th those mea sure d arter saline 

treatment ( Figure 36 ) i s  not without merit  ror indica ting 

that some insulin secre t ion wa s like ly to have occurred a s  

a r e sul t or glucose t rea tment . Thus the re sult s  a ppear to  

be  in agreement with tho se or Expe riment 2 . To inspect  
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the da ta in suf't"icient deta i l  to  ana lyse the degree o f'  

responsivene s s  of' individual calve s ,  would be unwise under 

the circumstances ,  a s  would a compari son betwe en the si ze 

o� the insuli n  response to glucose treatment . between 

Experiments 2 an� 4. 

The uniformity of the t ime taken �or glucose 

levels to  return to normal after glucose infusion, c onfirms 

the resul t s  o f'  Preston ( 1963 ) who observed no differenc e s  

between gluco se tolerance o f  calve s  on three different 

diet s  up t o  6 weeks of' age . Stern et al  ( 1971 ) and 

Pre ston ( 1963 ) observe ' that gluco se di sappearance rates  

decrea sed with age in  young ruminants exceeding 8 to  14 

weeks o� age . 

The fact that GH and prolactin did not re spond 

to the glucose treatme nt i s  a l so inagreement with 

Experiment 2 ,  and the phenomena have been di scussed on 

page 136 .  

( c )  Insulin t reatment 

Following treatment with insulin,  the hypo­

glycaemia wa s mainta ined for a very long t i me ,  because of 

the slow-relea sing propert ies  of  protamine zinc insul in. 

The fac t tha t  week-old calves achieved the hypoglycaemia 

significantly more rapidly than older  cal ve s  ( Table  XXXV , 

Figure 3 5 ) had an interesting pa rallel in Experiment 3 ,  

in that the hypoglycaemia a s  a secondary re sponse t o  the 

arginine st imulus wa s also achieved more rapidly in group 

Kl . Furthermore , the fact that the hypoglycaemia finally 
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reached wa s signi �icantly less deep in group R5 , wa s also 

the case �or the hypoglycaemia after arginine . I t  seems 

l ikely, there�ore , that the di�ference s  in the re sponse o� 

the dirferent groups o� calve s to arginine , were a di rec t 

re�lec t i on o� a basic di��erence in their re sponsiveness  

t o  insul in, whe ther the insulin wa s endogenous o r  

admini stered. Calve s  appe ared to become more re si stant 

to insul in, both wi th increa sing age , and a l so wi th 

a dvanci ng  rumen devel opment . 

A similar phenomenon wa s observed by Stern 

et  al ( 1971 ) ,  in response to intravenous admini stra tion 

of insul in ( 2 . 0  U /kg0 • 75) , gluc o se levels decreased more 

rapidly and reache d  signi�i cantly l ower level s in suckling 

lamb s  and kid s ,  than in wea nl ing or ma ture sheep  and goa t s . 

I t is intere st ing tha t in the pre sent study ,  the increase d  

resistance  t o  insulin wa s detec table , · whi le the decrea sed 

gluco se di sappearance ra te wi th age noted by Pre ston ( 1963 ) 

and by Stern e t  al  ( 1971 ) ,  a phenomenon which i s  probably 

linke d  t o  the degree o f  insul in re si stance , wa s not 

det ec table unti l  the young ruminants were more than 3 weeks 

older than the calve s s tudie d here . The early development 

of insulin resi stance indi cate s that the change s involved 

in the ma tura t ion of the energy me tabol i sm o� the young 

ruminant begin at a very early age , and t o  some extent 

( e. g . in the speed o� the hypoglycaemic re sponse to 

insulin ) , the changes occur at 5 weeks o f  age even in 

ani ma l s  which have not yet begun t o  use the rumen. The 

change s are t o  some extent c onstitutiona l  �or the young 



ruminant , although the a doption o£ the ruminating habi t  

speeds up the process  o f  change . 
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The GH response t o  insulin-induced hypoglycaemia 

i s  well -documented in all other ruminants s t u d i e d ,  a s  is  

the GH response to arginine ( Wa llace and Bas sett , 1970 : 

Stern et  a l ,  1971 : Hertelendy a nd Kipnis ,  1973 : Reyneart 

e t  a1 , 1975 ) .  The l ack of responsi vene ss to  insulin in 

the present study c ould b e  a ssoc i a ted with the fac t  that 

protamine zinc insulin wa s used. In the case of man, i t  

has been observed that the GH secre t ion occurs in response 

t o  the fall in level s  of blood gluco se ( Roth et al , 1964 ) 

regardless of  absolute l evel s o f  gluco se . Possible slowing 

of the effect s of i nsulin by the p�otamine zinc preparat ion 

c ould have rendered the blood glucose decrea se too slow 

for the GH t o  re spond. There are , however , two rea sons 

why such a theory may not apply here : 

( 1 )  Blood gluc ose leve l s  in the pre sent experiment 

took the same length of t i me ( 3 0  - 40 minute s )  to reach 

minimum leve l s after i n sul i n ,  a s  they d i d  i n  the stu dy of 

St ern e t  al ( 1971 ) .  

( 2 )  I t  ha s been po stulated ( Reyneart e t  a l ,  1975 ) 

tha t  in ruminant s  i t  i s  the a s s oc iated decrea se i n  pla sma 

FFA s which c a use s the GH response to  insul in,  rather tha n 

the hypoglycaemia . To answer t he que st i on of whe ther the 

protamine zinc prepara t i on prevented the GH re sponse £or 

any rea son, the experiment should be repeate d with p ure 

insulin a s  well as with protamine zinc insuli n . with pla sma 

FFA · measurement s ma de .  



Wha t a ppe a r s  t o  be more l ike ly i n  view o� 

t he re su l t s  o� Expe r i me nt s 2 - 4 ,  i s  tha t  i n  the c a lve s 

used he re , GH wa s not re sponsive t o  a ny  o f  t he s t imul i  

which e l i c i t  i t s  s e c re t i on i n  other yo ung r umi nant s .  I t  

ha s a lrea dy  been no t e d  i n  the Di scu s si on o f  Expe r i ment 2 

( page 136 ) that i t  i s  no t unu sual for c e r t a i n  spe c i e s  o f  

anima l s  t o  appea r  t o  ha ve a n  unre spon sive G H  s e c re t o ry 

mec ha ni sm when the c la s sic s t i mul i are u se d .  Sinc e  i t  i s  

now clear tha t  many o f  t he me t abo l i c  effe c t s  o f  GH t ake 

pl ace via the secre t i on o f  soma t ome di n s  { page s 24 - 28 ) ,  
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GH se cre t i on and i t a  rela t i o nshi p t o  me tabo l i t e s may no 

l onger be seen a s  a simpl e fe e db a ck s i tua t i o n .  The cla s s i c  

s t i mul i for GH se c r e t i on may b e  le a s  po tent under condi -

t i ons where aoma t omedin leve l s  a re rel a ti ve ly high .  

Wi thou t a c tua l ly me a sur i ng pla sma soma t ome d i n ,  i t  i s  not 

po ssibl e to pre d i c t  i t s l eve l s ,  sinc e McConaghey ( 1972 ) 
ob serve d t ha t  a c o n s i de rable t i me - l e g  e xi s t e d i n  the l i ve r 

produc t io n  of soma t ome di ns i n  re sponse to change s i n  GH 

leve l s . In rela t i on t o  the yo ung c a l f ,  t he i mpo r t a nce o �  

soma tome dina in infl uenc i ng t he non-re spons ivene s s  o f  GH 

I s  open t o  so me doubt in view o f  t he fa c t  t ha t  neona t a l  

ra t a  a nd rabb i t s  ha d  very l ow aoma tomedi n  l eve l s  for the 

fir st 11 days o f  l i f e  ( S t u a r t  e t  a l ,  19 76 : Cha rr i er , 

1978 ) .  

Another fa c t o r  infl uenc i ng the pre sent re su l t s  

wa s  t he  wide va r i a t i on in pl a sma G H  l ev e l s  a t  a l l  t i me s .  

The l a rge fre quency of 
I I 
spontane ou s  pul se s  o f  GH se cre t i o n  

woul d l e a d  t o  a si tua t ion i n  which most c a lve s wou l d  b e  

under the me t abol i c  i nfluenc e of GH a t  s o me t i me wi thin 
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the three hours preceeding the treatment . Under such 

circumstances  it is possible that  GH secretion i s  inhibited.  

Furthermor e ,  the di�ficulty with which basal o r  peak GH 

level s could be det ec t e d ,  coul d  lea d to  a sit uation in whi ch 

an increa se in GH secret ion i s  ma ske d. The use or analysi s 

of eovariance ha s overcome the problem to some extent , but 

it i s  sti ll apparent that the GH levels of c alves in the 

present study were behaving di fferently from young ruminant s 

in other studies .  

The phenomenon of signi�icantly depre ssed GH 

level s a fter a peri od of 2 - 3 hour s following the insulin 

infU s i on ,  ha s a l so not b e e n  noted  i n  the li tera ture . 

However ,  the present s t udy i s  unique in mea suring the 

effects of protamine zinc insulin on pla sma GH leve l s ,  and 

the hypoglycaemia was very prolonged ( Figure 36 ) .  

Ma inta ining such low pla sma gl u c o se levels for a per i o d  of 

several hours , would have profound and possibly far-reaching 
• 

effect s  on the ealveB physiology .  Therefore the lower GH 

level s ,  and a l so the higher prolac t i n  levels a t  tha t  t ime , 

coul d well be s i de e fre c t s  of a hypo thalami c response to  

long-term hypoglycaemi a . Since GH and prolactin are 
thought to be under o pp o s i t e  type s of adrene rgic control 

( pages 22 and 3 1 ) ,  and t he ir responses t o  long-term hypo­

glycaemia were oppo si te to each other , a central 

adrenergic influence c oul d well be the cause of both. 

Alterna t ively , one very l ikely re sponse to 

the long-term hypoglyca emia , would be a st imulation in 

glu c agon secretion ( Ba s se t t , 1975 ) .  There is some evi dence 

that glucagon a l so stimulat es the secretion o f  GH ( Ca in 
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e t  al ( 1970 ) w  After a per i o d  o f  several hour s o :f  GH 

secret ion , an exhaust ion of the system - either o:f glucagon 

secretion or o f  GH secretion - could re sult i n  a dramatic  

decrea se i n  GH leve l s .  The :fac t  tha t  n o  init ial i ncrea se 

in GH level s  wa s detectable here , however ,  make s t hi s  

explana t i on se em less  fea sible than the hypo thalamic 

a drenergi c  re sponse po stul ate d above . 

Conclu sions 

1 .  The age-related di fferences in gluco se and 

hormone levels ob served in untreated  calve s  in Experiment 

3 ,  were not repeate d in the pre sent experiment . The 

di fferences were ei ther not s ignifi cant , or in the ca se 

of prolactin ,  the t rend wa s reversed.  

2.  Pla sma insulin level s increased :following 1 . 4  

mM /kg body weight gluc o se infu sion, in a similar manner t o  

the re sponse t o  gluc ose in Experiment 2 .  

3 .  

infusi on.  

Nei ther GH nor prolac t i n  re sponde d t o  gluco se 

4 .  The infUsion o f  0 . 75 U lkg b o dy  weight of 

insuli n ,  gave r i se t o  a pr o l o nge d hypoglycaemia .  There 

was evi dence :for increa si ng re si stance to i nsulin,  both 

wi th increasing age , and a l so wi th advanci ng rumen deve lop­

ment . Thi s evi dence supported some observa t i on s  ma de  i n  

Experiment 3 .  



5 .  There wa s no imme diate response of e it her 

GH or prolact in levels ,  a s  a result of the insulin 

infUsion. 

6 .  Aft er hypoglycaemia had been maintained for 
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a period of 2 - 3 hours ,  there  was a signifi cant decre a se 

in GH levels ,  and a non-significant increa se in prolactin 

level s .  These were thought to  be  an indirect c onse quence 

of the e ffects  of maintaining low blood glucose l eve l s  

for such a long period o f  time .  
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EXPERI MENT 5; WORK WITH LAMBS AND EWES 
Ex�erimental de sign 

The aim of Experiment 5 wa s to investigate 

the relat ionship between hormone level s ,  energy sub st ra t e  

metabol i sm and the feeding o r  suckling st imulu s i n  lamb s  

a nd the ir re spect ive ewes. Dr , J. M .  Gooden 1 carr i e d  out 

the blood sampl ing and the gluco se and free fa tty a c i ds 

( FFA s )  a ssay s ,  with the aim o f  relat ing the re sult s to  

carca ss chara cteristics of t he ewe s and lamb s .  The author 

o f  the pre sent studY carrie d out the hormone a ssays , wi th 

• 
the aim o f  c omparing the la mb s  hormonal re sponses wi th 

those of t he calves observed in Experiment s 1 and 3 .  

Six Southdown ewes ,  each wi th a single male 

lamb ,  were used in the exper iment . All a nimals were 

catheteri se d in both jugula r  ve ins when the lambs were 

three weeks of age , and then aga in when they were 12 week s 

of age . The lambs were all weaned a t  eight weeks o f  age ,  

so that ca theteri sa ti on and blood sampling took place five 

weeks before weaning and rour weeks after weaning . 

Following each ca theteri sat ion, the bloo d 

sa mpling schedule wa s a s  follow s .  One day after 

cathe teri sation,  ewe s were starve d for a peri od o f  21 hours, 

and lamb s  for 17 hour s .  Blo od sample s were taken a t  3 0-

minute i nt ervals for two hours,  and then the starva t i on 

peri od wa s brought t o  an end by allowing them access to 

solid �ee d  ( lucerne cha ff and crushe d barley in a 4 : 1 

rat io ) and the suckl ing lamb s  were given a c ce ss t o  their 

dams . Blo od sampling cont inue d a t  30-minut e interva l s  for 

1 Appli e d  Biochemi stry Divi sion, D. S . I . R . , Pa lmer ston North .  
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a fUr ther thre e hour s ,  and then at hourly intervals �or 

three more hour s .  

A fter a period of three days wi thout blood  

sampling,  ewes and lamb s  which ha d aga in been starved for 

21 and 17 hour s  respective ly were blood-sampled at  3 0-

minute interval s  for two hour s .  A 3 0 -minute i nfusion of 

arginine wa s then given at the rat e  of 0 . 5  g /kg body 

weight , in a volume of 50 ml of wa ter for ewes ,  and 2 5  ml 

for lambs. During the infusion , blo od sample s were taken 

from the opposite  cathe ter , at five-minute interva l s ,  a nd 

aft erwards a t  3 0-minute interva l s  unt il two hours after 

the start of t he infusion.  

Ewe s and lamb s  were we ighed on the day of each 

arginine treatment , and body we ight s are recorded in 

Table XLVII I .  

Re sult s 

The effe ct of fee ding on insulin and GH levels 

in the three -week-old la mbs and the ir da ms ,  is  shown in 

Figure 3 9 .  Following fe eding , a small ,  sl ow but 

significant inerea se in insul in levels occurred in ewe s ,  

and contra st e d  wi th a ra pid,  nearly ten-fold,  increa se 

which occurre d in suckl ing lamb s .  GH level s were variable 

before �ee ding, but an increa se which occur red during the 

two hour s after feeding wa s none thele ss significant for 

both lamb s  and ewe s ( Table XL ) . 



Table XXXIX 

Insulip, 
Me dians 
Range s 

Wl 
Medians 
Range s 

19 0  

Means o f  me dian s  end range s for i nd ividual 
lamb s  and ewe s, o f  insu l in and GH levels 1n 
pla sma samples taken before feeding or 
arginine treatment : unt ransforme d  da ta ( ng /ml ) .  

+ = p<O . l : ++ = p<0. 05 : +++ = p<O . Ol : 
comparing each group with i t self a t  a 
dirferent age ,  by Mann-Whi tney U t e s t . 

Suckling 
La..wt bs 

0 . 8 2  
1 . 12 

+ 

+ 

Weane d 
la-w.b..s 

0 . 73 
0 . 83 

Lacta t ing Non-l a c t a t ing 
Q..W€_3 <2.'--<.)E2 .S  

1 . 29 
1 . 3 7  

2.63 
17 . 57 

+ + +  o. 54 
+ + + 0 . 29 

+ + + o .  76 
+ + +  � . 91 
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( s oli d  l i ne s ) a n d  l a c t a t i ng e w e s  ( b r oken 
l ines ) .  



Table XL 
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Plasma l evel s o r  insulin and GH before and 

after feeding in suckling lambs  and l ac ta ting 

ewe s .  Da ta expres sed a s  l og lo pg /ml , wi th 

unt ransrormed data ( ng /ml ) in parenthese s .  

NS = not significant : + = p<O . l :  

+ +  = p<0. 05 : + + +  = p<O. Ol : for analysis  

of variance c omparing hormone levels before 

and a ft e r  fee ding, within ea ch group of 

animals.  

Time Insul in Growth hormone 

Suckling lamb s  before 2 . 88 3 . 29 

( o .  76 ) ( 1 . 93 )  

after 3 . 88 ++ + 4-. 10 + + +  
( 7 .  53 ) ( 1 2 . 6 1 ) 

Lactating ewe s before 3 . 05 3 . 4-3 

( 1 . 11 )  ( 2 . 6 8 ) 

a ft er 3 . 23 + +  4 - 3 7  + +  
( 1 .6 9 ) ( 23 . 66 ) 



--. 
r-i 
8 
....... 4 
� 
0 
.... 

� 
0 

r-i 3 ........ 

,...., 
Q.) 
� 
Q.) r-i 

2 
t:: 
..... 
r-i 
::j 
CO 
� ..... 1 
en 
s 
CO 
Ill 

r-i 
p.. 

0 

......... 
r-i 
8 4 ...... 
� 
Pt 

0 
.... 

� 
0 3 r-i 

-

r-i 
� Q.) 

2 r-i 

s 
a! e CO 1 et 

r-i 
p.. 

o_ _ , .. l - - -y 

- 2  

, , 

- - - - - -i!i- - - - -
--- -!-

, 

, ,�' 

-1 0 + 1  

Time from start or a rginine i nfu sion ( hours ) 
+ 2 

Figure 40 Pla sma levels o f  insul i n  and GH bef'ore and 
af't.er arginine t re a t me nt in suckl ing l a mb s  
( soli d  l i ne a ) and lac ta t ing ewe s (broken 
l ine a ) . 



Table XLI 
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Pla s ma level s or insul i n  and GH berore and 
a fter  argini ne t rea tment in suckling lamb s  

a n d  lactating ewe s .  Dat a  expre ssed a s  
1og 10 pg /ml , with untransrormed data ( ng /ml ) 

in  parenthe se s .  

NS = not signiricant : + = p<O . l :  
++ = p<0 . 05 :  + ++ = p<O. Ol : for analy s i s  

o f  variance comparing hormone l evels before 

and after arginine t reatment , wit hin each 

group o r  anima l s .  

Time Insulin Gr owth hormone 

Suckling lamb s  before 2 . 94 2 . 88 

( 0 . 8 7 )  ( o .  77 ) 
aft er 3 . 52 + + +  3 . 61 +++ 

( 3  .34 ) ( 4 . 13 )  

Lactat ing ewe s before 3 . o6  3 . 11 

( 1 . 14 ) ( 1 .  29 )  

after 3 . 25 + +  4 · 24 + +  

( 1 . 78 )  ( 17 . 50 )  
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Pla sma leve l s  of insul in and GH before a nd 
a fter feeding in wea ne d lamb s  ( soli d l i ne s )  
and non-la c t a t ing ewe s ( broken l i ne s ) . 
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Tpple XLIIp Pla sma leve l s  o f  i nsul in and GH before and 

a ft er fee ding in weane d  lamb s  a nd non-lac t a t i ng  

ewe s .  Data e xpre s sed a s  log 10 pg /ml , with 

untransformed da ta ( ng /ml ) in parenthe ses . 

NS = not signi fi c ant : + = p<O . l :  

++ = p<0 . 05 :  + + + = p<O . Ol :  for analysi s 

of var iance c ompar ing hor mo ne leve l s  before and 

after fe eding ,  within e a ch group o f  a nima l s .  

T i me Insulin Growth hormone 

Weane d lamb s  before 2 . 74 2 . 6 2  

Non-lac ta t ing 
ewe s 

a:ft e r  

b e  :fore 

a :f t e r  

( 0 . 55 ) 

2 . 98 

( 0 .9 5 )  

2 .69 

( 0 . 49 ) 

3 . 01 

( 1 . 01 )  

( 0. 42 ) 

NS 2 . 90 NS 
( 0 . 80 )  

2 . 71 
( 0 . 51 )  

+ + +  2 . 75 NS 

( 0 . 56 )  

Table XLII b S igni :fi c anc e  of the difference be twe en 

fee di ng effe c t s  on suckl ing la mb s  ver su s  weane d 

lamb s ,  a nd on l a c t a t i ng ewe s versus non­

la cta t i ng ewe s . 

I nsul i n  GH 

Suckling v·s weane d lambs ++ 

Lac ta t ing vs non-lac ta t i ng + + + 
ewes 

N S  

+ +  
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Table X1IIIa Pla sma level s  of insulin and GH before 
and after arginine t reatment in weane d lambs 
and non-lac t a t i ng ewe s .  Da ta e xpre ssed a s  
log 10 pg /ml , with untransformed da ta ( ng /ml ) 
in parenthe se s .  

NS = not significant : + = p<O . l : 
++ = p<0 . 0 5 : + + +  p<O . Ol :  for analy s i s  of 
variance c omparing hormone leve l s  before a nd 
after treatment , wi thin each gr oup of 
a nima l s .  

Time Insulin Growth hormone 

Weaned lambs before 3 . 00 2 . 53 
( 1 .  01 ) ( 0 .34 ) 

aft er 3 . 22 + +  2 . 99 + +  

( 1 .66 ) ( 0 . 97 ) 

Non-lactat ing 
ewe s 

be fore 2 .  73 
( 0 . 53 ) 

2 . 78 
( 0 . 6 0 )  

Table XLIIIb 

aft e r  3 .3 5  +++ 3 . 9 0  +++ 

( 2 .  23 ) ( 8 . 11 )  

Significance o f  t he difference between 
arginine effects on suckling lambs versus 
weaned lamb s ,  and on lac ta ting ewe s versus 
non-lactat ing ewe s .  

Insul in GH 

Suckling vs weane d lamb s  NS 
Lactat ing vs non-lac ta t i ng ++ 
ewe s 

++ + 

NS 
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Figure 3.9 may be c ompared with Figure 4.1 , in 

which the effect of fee di ng wa s observe d when the lamb s  

had been weaned for four weeks . The insuli n  re sponse t o  

feeding wa s almost i dent i cal b etween weane d l ambs and 

a dult ewe s .  The weane d  lamb s  and the non-lac tat i ng ewe s 

ha d lowe r  ba sal leve l s  of GH than the suckling lambs and 

the ir dams (Table XXXI X ) , and feeding had no effe c t  on 

their GH levels.  

The effect of the arginine trea tment is  shown 

in Figure 4.0 and 4 2 .  I n  every ca se ,  the i nsul in levels 

underwent an immedi a te sma ll , but  signi ficant increa se 

following the start o f  the infusion. The GH level s  

increased  t en-fold during the infusion, but the increa se 

wa s delayed in the weaned lamb s  e.nd lactating ewe s ,  and 

was significantly sma ller in the weaned lamb s ,  than before 

they were weane d ( Table XLI I I ) .  

Di scussion 

Following feedi ng ,  the insulin re sponse of 

suckling lambs wa s c omparable in magnitude to tha t of very 

young suckling calves ,  a s  shown in Figure 18 . Elevated 

insulin l evel s were reta ine d i n  lamb s  for three hours , and 

even aft er six hour s ,  they ha d not ret urned to pre ­

suckling level s,  wherea s the return t o  pre-suckling leve ls 

wa s more rapi d in calve s  ( Figure 18 ) .  Without mea surement s 

of the amount of milk consumed .  i t  i s  not possible t o  

c onclude that the di fference wa s related to  c onst i tut i onal 

differenc e s  betwe en lambs and calve s.  
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The olde r  lambs and non-la ctati ng ewe s ,  

showed an insulin re sponse which wa s  typical for ma t ure 

ruminant s ( Bas set t , 19 75 ) and wa s very slow a s a re sult 

o f  the fac t  that p�&u ct lo� of energy substrate s from the 

rumen i s  a much slower proce ss than r��uctio� from the 

aboma sum. 

GH leve l s  were of the same order in three­

week-ol d  lamb s  before suckling or arginine treatment , a s  

t hose o f  young calve s ( Figure 18 , 3 1 , 3 7 )  although the 

range wa s grea ter for lamb s .  The significant GH increa se 

following suckling ( Table XL) wa s in agreement wi th the 

findings of Wallace and Ba sset t  ( 1970 ) and Stern e t  a l  

( 197l h who ob served a GH increa se in re sponse to i ncrea sed 

blood gluco se leve l s  in lamb s .  H owever,  i t  i s  like ly tha t 

the response i s  confi ne d t o  lamb s ,  among ruminant s ,  because 

it wa s not observed in goa t s  ( T indal et al , 19 78 ) ,  nor wa s a 

post-feeding GH increa se observe d in suckling ca lve s  in 

t he pre sent stud¥ ( Figure 18 ) .  

The ewe s showed a pa rallel inc rea se in GH a t  

the t ime of suckling .  Since non-lactating ewe s  did not 

re spond to feeding ( Figure 41 ) ,  it see ms l ikely tha t the 

GH response wa s brought about a s  a re sult o f  being suckl ed.  

The observa t i on of a ma ternal GH re sponse t o  suckl ing is 

in agreement with fi ndings o f  other workers with sheep 

and goa t s  ( Marta l ,  1975 : Har t and Flux , 1973 : Tindal 

et al , 197 8 ) ,  although the re sponse ha s no t been observed 

in cows ( Koprowski and Tucker ,  1973 , and page 1 8  of 

review ) .  
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The observa tion that bo th ewe s and l ambs 

re sponded in parallel , i s  o f  intere st in that i t  may be 

relat e d  to a hypothalamic or 
I I 
emotional change rathe r  than 

being mediated in lamb s  simply by increase d  plasma gluc o se 

levels .  The i mporta nc e  of  adrenergic influences acting 

a t  the level or the hypothalamus to control GH secre t i on i s  

di scussed on page 2 2 .  The endocrinology of materna l 

behavio ur and of the response s of the young to the mother i s  

a n  area which would be a promising field for further 

re search ( page 1 22 ) .  

GH levels  in both lamb s  and ewes were very much 

re duce d  after weaning ( Figure 41 ) .  The situation for l a mbs 

confirms the re sul t s  o f  o ther worker s  ( reviewe d on page 15 ) 

who have ob served that neona tal GH l evels are higher than 

after  weaning . For the ewes ,  the re sult serve s t o  

emphas i ze indirectly t he importance o f  GH i n  maintena nc e 

of ruminant lactation ( reviewed by Cowie a nd Tindal , 1971 ) . 

The insul in re sponse t o  arginine wa s much 

smaller in lamb s  and ewe s ,  than i t  wa s for all groups of  

calves ( Figure 4 0  and 4 2 ,  compared with Figure 3 0 ) .  I t  

appeared t o  decrea se wi th age in lambs ( Table XLI and 

XLIII ) ,  a situation which wa s a l so not in agre ement w i th 

the calf data in Figure 3 0 .  Sinc e  the arginine dose wa s 

larger in the sheep experiment tha n i t  wa s in Experiment 2 ,  

i t  a ppears that the di fferent responsivenes s  coul d refle ct 

a c onstitutiona l  difference between lambs a nd calve s ,  

although i t  i s  not conclu sive , because infu sion t ime and 

a l so feeding regime were  different between t he two 

experiment s.  Feedi ng regi me i s  known to i nfl ue nce t he 



202 

number or insul in receptors per cell , and thus the insuli n  

ut ilisat i on ra te ( Gavin e t  a l ,  1974 ) : thus ree ding regime 

c ould have an appa rent in�luence on the size of the re sponse . 

The GH response t o  arginine wa s very much more 

repeatable and s ignifi cant in ewe s a nd lamb s  than it wa s 

in c alve s ( Figure 40 compare d with Figur e 3 1 ) .  The da t a  

in Figure 40 lend support t o  the findings o f  a l l  other . .  · 

worke r s  te st ing the response to arginine infu sion of GH 

levels in sheep ( reviewe d on page 9 ) .  The importance of 

the dat a  to  the pre sent study , lies i n  the fac t  that they 

serve t o  veri fY tha t the GH a ssay wa s able t o  give resul t s  

which wer e  comparable t o  tho se o �  other worker s ,  in some 

si tuat ions . Thu s ,  in the young cal�. where re sul t s  were 

not in agreement with tho se of o ther workers,  the 

di screpancy was l ikely t o  be due t o  a real di�erence 

between calve s and other rumi nant s , rather than being due 

to a faulty a s say . 
• • 

The parallelism problem encountere d  

in the GH a ssay ( di scus sed on pages 6 2  - 93 ) o ccurred i n  

25% of a ll GH a ssays ,  a nd wa s more c lo sely rela ted t o  the 

use of certa in second ant ibo dy prepa rations , ra ther than 

to the unknown pla sma sample s be ing or calf or o� sheep 

origin .  The a ssay re su l t s  a re thus ful ly comparable between 

the di fferent spec ies . 

Conc lusions 

1 .  A s  a result o f  fee ding following a peri od of 

starvat ion, suckl ing lamb s  showed an insulin re sponse whi ch 

wa s more similar t o tha t of non-ruminant s than ruminant s ,  

while that o f  weaned lamb s  and a dult ewe s wa s typi cal of 

rumina nt s . 
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2 .  The �ee ding and suckling stimul us caused GH 

levels to  r i se to the same extent in the suckl ing lambs,  

a s  they did in the dame : the r i se did not take place in 

e ither a�te r  the lambs  had been weaned ,  eo  the response 

was clearly caused by st imul i which a re spec i�ic to  

suckl ing . 

3 .  A 3 0-minute in�usion of 0 . 5 g /.kg b ody weight 

or arginine brought about an insulin re sponse which wa s 

smaller than that observe d in calve s in Experiment 3 ,  and 

a GH re sponse which wa s larger and very much more  con­

sistent than tha t  or the calves .  The re sults indicate tha t 
I 

calve s GH secretion may be under a dif�e rent control 

mechani sm �rom that of lambs,  but unt il comparable 

arginine dosage and infu sion t irue have been tested for 

both group s ,  rirm conclusions may not be drawn. 



3.6 GENERAL CONCLUSIONS 

1 .  There i s  insu�fic i ent data �or de�inite 
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c onclusions t o  be drawn concerning the ba sa l pla sma l eve l s  

o�  glucose , insul in,  GH or pr olactin in rel a t i on t o  a ge 

end ruminant statu s.  Experiment s 3 and 4 indicated  that 

glucose leve l s  were higher in week-old than in �ive-week­

o l d  calve s ,  but i t  wa s no t clear whe ther the cha nge wa s 

a ssociated with rumen development . Experiment s 3 ,  4 and 5 

a l l  indi ca t e  that GH wa s highe r in the neonatal cal� and 

lamb ,  with an age-related decre a se ,  but the decrea se wa s 

only sta t i st ically signi�i cant in Experiment 3 .  

2 .  Both GH and prolactin appeared t o  follow a pat tern 

of ' epi so di c • increases  in pla sma in all anima l s  studied.  

The secretory epi so de s  were not able to  be related  

conclu sively to even t s ,  ei ther externa l  or int ernal , 

e specially with re spec t  to the GH levels o �  calve s .  

3 .  Young calve s and l a mb s  re sponded to suckl ing with 

a 2- to  5-�old pla sma insul i n  increa se , a response which i s  

typical o �  the monoga stric mode o �  dige st i on,  and di��ered 

greatly from the sma ll , susta ined ,  insulin response to  

�eeding in  the ruminat ing lamb s  and ewes studied in  

Experiment 5 . 

Foll owing suckling the la mb s  and thei r  ewe s 

showed a signi�icant increa se in pla sma GH level s ,  a 

phenomenon which wa s not detected in suckling calve s .  The 

di�ference between lambs and calve s  could have be en 
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r e l a t e d  to the fa c t  t h a t c a l ve s  we r e  n o t  GH r e sp o n s i ve to 

hypergly c a em i a , whi l e  the l i t e ra t ur e  c o nt a i n s  seve r a l  

r e po r t s o f  lamb s  re spo nding t o  hype r glyc a e mia wi t h  ar. 

incre a s e  i n  GH l e ve l s .  

5 .  A r g i n i ne i n fu s i on br ough t a b o u t  some i nc re a se i n  

pla sma l evel s o f  a l l hormone s i n  a l l  a nima l s  s t ud i e d . The 

i nsul i n  r e sponse w a s gr e a t er l n  ca lve s tha n in l a mb s  a nd 

ewe s ,  whi l e  the GH r e sponse wa s gr e a t e r  i n  l a mb s  a n d  e we , 

a nd a l mo s t  non-e x i s tent i n  c a l ve s .  The d i ffe r e nce s ma y 

have b e e n  due e i t he r t o  a c o n st i t u t i onal d i ffer e nce b e twe e n  

b ov i ne s and o v i n e s ,  o r  i t  may ha ve b e e n  due t o  di ffe r e r.t 

d o sa ge , i nfu s i on t i me ,  a n d  fe e di ng r e g i me s  be t we e n  t he t w o  

e xp e r i ment s .  

6 .  Five -we ek- o l d  c a lve s fe d only o n  m i l k showed 

incre a se d  r e sp o n s i ve ne s s  t o  a rgi ni ne t r e a t me nt as c o mpar ed 

wi th e i ther we ek-o l d  o r  fi ve-we ek-o l d  rum i na nt c a l ve s .  

They a l so showe d a l a rge r r a nge o f  G H  l eve l s  i n  bo th 

expe r i me n t s 3 a n d  4 .  The i n crea s e d  r e sp o n s i v ene s s  o f  t h i s  

group c a nno t b e  b ro ught abo u t  e i th e r  by i n c r e a s ing age , or 

by the monoga s t r i c  mo de o f  d i ge s t i o n ,  s i n c e  n e i the r o f  t he 

o ther group s wa s c o mpa r abl e .  I t  mu s t  t he r e fo re have b e e n  

re l a t e d  t o  t he c o mb i na t i o n  o f  a ge a n d  di e t , a nd dra w s  

a t t e nt i on t o  t he fa ct t ha t t he e xp e r i m e n ta l  d e s i gn may n o t  

have been a ppr o pr i a t e  f or a n i ma l s  whi ch ,  under na t u r a l 

c ondi t i on s ,  wou l d  ha ve e a t e n  some so l i d  fe e d  from t he t i me 

of b i r t h. 



7 .  Result s o f  Experiment s  3 and 4 both indi ca te 

an increasing insuli n  re si stance in calve s ,  both as a 

result of increasing age and increa sing rumen development . 

8 .  A sudden increa se in plasma o smolality brought 

about a decrea se in pla sma levels of  both pituitary 

hormone s .  GH and prola c t i n ,  in calves of both ages ,  

a lthough the prolac t in decrease wa s not  significant . 

I t  wa s not possible to tell whether thi s was a non­

specific inhib i tion or pituitary funct i on, or whethe r  

i t  was of func t ional signifi cance for ei ther hormone i n  

relation to o smoregulati on. 

9 .  De spi te the fac t  that the l iterature givea  

ample evidence to suggest that GH and prolac� in are 

under opposing mechani sms of a drenergi c cont ro l ,  the only 

instance in the pre sent stndy ,  where they were observed t o  

re spond in opposite directi on s  wa s when GH level s fe ll 

a nd prolactin  level s ro se after 2 - 3 hour s of 

c ontinnous insulin- induced hypoglycaemia . The re sponse 

could have been a s sociated with the p rolonged insuffic iency 

of gluco se reaching the hypotha lamu s .  



207 

APPENDIX 

Table XLIY a Re sult s o� insulin levels in twenty cal� 

pla sma samples ,  a s  calcula ted in three di��erent 

ways ,  u sing data from two different pla sma 

dilutions ,  �rom A ssay 1 de scribed on page s 

6 2  - 70.  Resul t s  e xpre ssed as pg /ml . 

( 1 ) Re sult s obtained by rea ding from a graph plott ing 

raw da ta ( count s per minute } aga inst hormone level known 

to be included in each standard tube . 

( 2 )  Resul t s  obta ined by method ( C ) , page 63 , without 

using a weighting procedure . 

(3 ) Re sult s obt ained by method ( C ) ,  page 63 , u sing the 

weight i ng metho d  o �  Finney ( 196� ) .  

100 �1 

331  
609 
525 
368 
3 9 2  
4 o6 

6 , 871 
2 , 044 

96 5 
63 0 
56 1 
368 

1 , 59 5 
865 
b l3 
585 
710 
610 
480 

1 , 1 05 

( 1 )  

50 �1 X 2 

3 00 

�76 

�6� 
3 27 
�01 
290 

6 , 1 23 
1 , 991 

919 
570 
503 
3 1� 

1 , 66 0  
740 
570 
540 
700 
63 5 

540 
1 , 13 0 

lOO �1 

3 56 
59 5 
528 
3 85 
405 
3 80 

� . 225 
1 , 983 

93 5 
610 
557 
3 86 

2 , 0�9 
9 27 
598 
577 
665 
597 
487 

1 , 109 

( 2 )  
50 �1 X 2 

330 
5�0 
519 
3 5 2 
�4� 
3 05 

5 , 017 
1 , 9 56 

933 
613 
567 
352  

1 , 999 
76 2 
631 
602 
7�2 
714 
571 

1 , 106 

lOO �1 

349 
602 
53 0 
3 80 
400 

3 7� 
4 , 802 

2 , 1 54 
972  
6 17 
56 1  
380 

1 . 771 
96 2 
60� 
582 
678 
604 
487 

1 , 16� 

(3 ) 

50 �1 X 2 

3 09 
521  
500 
33 1 
�23 

28� 
5 . 5 27 
2 ,  03 7 

930 
596 
5�8 
33 2 

1 , 6 56 
751 
6 14 
58� 
729 
700 

553 
1 , 113 
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Table XLIY b Result s or insulin levels in twenty calr 

pla sma samples ,  a s  calculated in three dirrerent 

ways ,  u sing data rrom t wo di rferent pla sma 

dilutions ,  from A s say 2 described on page s 

6 2  - 10.  Result s  e xpres sed  a s  pg /ml . 
( 1 )  Resu l t s  obta ined by rea ding rrom a graph plott ing 

raw da ta ( count s per minute ) against hormone level known 

t o  be included in each standard tube . 

( 2 ) Re sul t s  obtained by method ( C ) ,  page 63 ,  without 

u sing a weighting procedure . 

( 3 ) Re sul t s  obtained by method ( C ) , page 63 , u sing the 

weight ing method or Finney ( 1964 ) .  

lOO ""1 

395  

3 , 580 

1 , 077 

552 

508 

455 

53 2 

489 

504 

520 

48 5  

550 

450 

513 

410 

1 ,  56 5 

1 , 810 

1 ,  73 5 

3 , 150 

3 , 300 

( 1 )  

50 �1 X 2 

310 

2 , 640 

860 

486 

29 5 

255 

415 

33 0 

253 

293 

340 

348 

265 

3 84 

250 

1 , 083 

1 , 210 

1 , 155 

2 , 245 

2 , 180 

l OO �1 

572 

1 , 985 

1 , 165  

746 

700 

637  

728 

677 

698 

714 

675 

748 

63 2  

695  

592 

1 , 440 

1 , 521 

1 , 505 

1 , 915 

1 , 9 50 

( 2 )  

50 �1 X 2 

63 2 

2 , 624 

1 , 206 

868 

612 

520 

790 

6 56 

522 

596 

682  

68 5 

545 

73 5 

505 

1 , 469 

1 , 605 

1 ,  572 

2 , 388 

2 , 334 

100 �1 

420 

1 , 8 29 

974 

575 

533 

477 

559 

513 

53 2 

546 

512 

577 

472 

5 29 

438 

1 , 251 

1 , 336 

1 , 3 18 

1 , 754 

1 , 79 2  

( 3 ) 

50 �1 X 2 

416 

2 , 241 

894. 

605 

z..oo 
33 2 

54.2 

434. 

333 

3 88  

455  

4.54 

349 

497 

3 19 

1 , 1 29 

1 , 254 

1 , 224 

2 , 0o6 

1 , 9 53 
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duration o f  Experiment 2 .  
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Ca l f  

Kg body weight gain /day 

7 

0. 152 

28 

0 . 119 

29 

0 . 181 

3 0 

0. 036 

� 
� 

c: 25 ..... 
of-:1 
� 
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� 
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___ _ .. .. ... --
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1 2 3 

Weeks of age 

-- calf 7 
-- · - · - Calf 28 
- · - · - Calf 29 
--- Cal'£ 3 0 

Figure 43 . Body weights of each calf for the 

duration o f  Experiment 2 .  
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Ialll� Al&:l Average growth rate  o� each cal� �or the 
durat ion o f  Experiment 3 .  

Group M Cal� 1 1  Cal� 1 2  Calf' 13 Calf' 14 Cal �  1 5  

Kg bw ga in 0 . 178 0. 166 0.13 7 0 . 171 0. 114 per day 

Group R Calf 1 Calf' 2 Ca lf 3 Cal� 5 

Kg bw ga in 0. 227 0. 258 0.3 09 0 . 3 5 0  per day 
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Tab l� P·�II Average growth ra te o f  each c a l f  for the 

dura t ion o f  Experiment 4 . 

Group M Cal f  16 Calf 17 Calf 19 Cal f  2 0  
died. 

Kg bw ga in 0 .406 0 . 448 0 . 343 per day 

Gr o up R Calf 12  Calf' 13 Calf' 14 Calf 15 

Kg bw ga i n  0. 448 0. 503 0 . 448 0. 528 per day 

T�J.2l� ;Q;L�lll Body wei ght s of lamb s  and ewe s in 
Experiment 5 .  

No . Lambs Ewe s 

3 .  5 week s 12 . 5  weeks Lac t a t ing Non-lacta t ing 
old  old  

1 9 . 08 24 . 9 5  51 . 26 45 . 82 
2 8 . 17 24 . 9 5 50 . 81 47 . 17 

3 9 . 08  27 . 4 5  40. 83 48 . 09 
4 R . l7 30.40  48 . 09 45 . 82 

5 8 . 62  3 0. 6 2 49 . 45 50 . 3 5  
6 8 . 6 2  29 . 49 50 . 3 5  58 . o6  
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. . . . . . . . .  Pla sma dilutions wi th 24 hours a nd - - - wi th 7 2  ho ur s inc uba t i on.  
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POST SCRIPT 
Since the c o mpletion of the typing of the the si s ,  

a more complete  inve st iga tion wa s ca rried out into the 

erfic iency o f  the pre cipita t i on reaction in prolactin 

a s says ,  using a more recent blee ding of 1 Phil 1 second 

a nt ibodi e s  tha n tha t described on page 78 ( December 1975 , 

a s  compare d with November 1973 ) .  Different incubati on 

t i me s  be tween the addi t i on of 'Phil ' and centri fuga t i on 

o f  tube s ,  were also t e sted.  The re sul t s  of the inve sti-

ga tion are  shown in  Figure 5 0  together wi th a similar 

i nve st iga t i on with rabb i t  second antibodie s ,  inc lude d  for 

c ompRrison . 

The main observation wa s that  precipit a t i on by 

1 Phi l ' wa s very ra pid  in the pre sence of di luent human 

pl a sma , whi le  in  the pre sence of unknown calf  pla sma samples 

i t  wa s very sl ow.  Such a difference did not  apply t o  

prec ipitation by rabb i t  anti -GP� . I t  wa s a l so found t hat  

the optimum c oncent ra t ion of 'Phi l ' for maximum precipi­

t a t ion wa s 1 : 288 , wherea s i t  had been observed ( page 78 ) 
I I 

that the earlier blee dings of Phil required a much 

l ower dilut i on ( 1 : 16 )  for ·opt i mu m  b inding .  

The se re sul t s  are o f  grea t  relevance t o  the a ssay 

development de scribed on page s 58 to 93 because they 

i ndicate tha t insuffic ie nt incuba t i on time with 'Phil ' 

may have be en the cause for some a ssays to  show deviat i on 

from  parallel i sm. This seems e specially l ikely in v iew of 

the fact  tha t , provided the concentrat ions of fir st 

a n t ibodies  and labelled hormone rema ined unchanged ,  the 

u se of rabb i t  second a nt ibodies a lways re sul ted in near 



2 2 0  

perfect  para lleli sm,  wherea s the 44% of i nsul in ,  and 25% 

of GH a ssays whi ch showed poor para lleli sm even after all 

o ther fac t o r s  ha d bee n  sta nda rdi sed, were tho se involvi ng 

the use or 1Phi l  · •  The rea s on why the p roblem we s not 

detected earl ier , wa s tha t  in  the 1973 bleedings  of 1Phil  1 

which ha d a very low t i tre , a la rge a mount o f  'Phil 1 pla sma 

wa s requ i re d  in each a ssay t ube . Under the se cond i t i ons 

of exce ss  ' Phi l  • pla sma ,  t he d i screpancy be tween t i me 

taken to reach maximum b i nding in dil uent and in unknown 

pla sma , wa s very l i t tl e ,  and wa s not detec te d .  Only after 

the titre  or 1Phi l 1 ha d increa sed sufficiently to require 

the addi t i on of Phi l  at a fi na l  dilut ion o f  1 : 288 inste a d  

o f  1 : 16 , wa s the difference detected.  In between ,  however ,  

many a ssay s ha d been set up with  'Phil 1 a t  1 : 3 2  and 1 : 6 4 ,  
parallel i sm ha d been variable and the cau se rema i ned 

undetected .  



221 

REFERENCES 

K.  Ahren and A .  Hjalmarsson ( 196 8 ) .  Early and late effec t  
of growth hormone o n  transport of amino a c i ds and 
mono sa ccharide s in i sol a t ed rat diaphragm . In 
�;�c�gd���= �� the First Intefnatiopel Symposium on Growth;Hormone, pp 143 - 152 A .  Pecile and E . E .  
Muller,  editor s ) . Milan : Excerpts Medica 
Founda t i on.  

K .  Ahren, K .  A lbert saon-Wiklend , o.  I saksaon and J. L .  
Ko styo ( 1975 ) .  Cellular mechanisms of the acute 
st imulatory effect of growth hormone . In Proceedings 
�� �� Third Internattonal Symposium on Growth Hormone. PP 94 - 103 A .  Pecile and E . E .  Muller,  
edi t or s ) .  Milan : Excerpts Medica Foundat ion.  

J. M. A i tken ,  M. J.D.  Gallagher , D . M. Hart , D. A . G .  Newt on 
and A .  Craig ( 1973 ) .  Pla sma growth hormone and 
serum pho sphorus c oncentra t i ons in rel a t i on t o  the 
menopause a nd to oestrogen therapy . Journal of 
Endocrinology 5i, 593 - 598 .  

F . P .  Alford,  H . w. B.  Baker and H . G.  Burger ( 1973 ) .  The 
secret ion rate o f  human growth hormone . I .  Da ily 
secre t ion rat e s ,  effec t  of p osture and sleep.  
Journal of Clinical Endogrinology apd Metabolism 
ll. 515 - 520 .  

N .  Alt szuler , I .  Rathgeb , B.  Winkler and R . C .  de Bod o  
( 1968 ) .  The e ffec ts of growth hormone on carbohy­
drat e  and lipid metaboli sm in the dog. Annals of 
the New York Agagemy of Sgienge �. 441 - 458 . 

K .  Ambo , H .  Takaha shi and T .  T suda ( 1973 ) .  Effects  o f  
feeding and infusion o f  sho rt -cha in fa t ty a c ids and 
gluc o se on pla sma insulin and blood gluc o se leve l s  
i n  sheep. Tohoku Journal of Agricultural Researgh 
�. 54 - 6 2 .  

P .  Andrews and S . J. Folley ( 1963 ) .  Molecular we ight s of 
bovine , ovine and porc ine pituitary growth hormo ne s  
e stimated by gel fi l tra t ion on Sepha dex. 
Bioghemigal Journal �. 3 P .  

M . S .  Anfinson , S . L .  navis,  E.  Chri stian and D. O .  Eve rson 
( 1975 ) .  Epi sodic secret i on of growth hormone in 
steers and bull s :  an ana ly si s  of fre quency and 
magnitude or secretory spike s occurring in a 24-
hour period. !;o��e�f�= o� !�� �e�ern Section, American socieii or Ariimal sciinge ; 175 - 177 . 



222 

Y .  Arai a nd T . H .  Lee ( 196 7 ) . A double a nt ibody radio­
immunoa s say procedure for ovine pi tuitary prolact in .  
Epdocrinology �. 10�1 - 10�6 . 

M. L .  Aubert ( 19 70 ) . Cri t ical study of t he ra dio-immuno­
logical a s say for the dosage of the polypept i de 
hormone s in pla sma .  Journal of Nuclear BiologY 
and Medicine �. 1 - 1 22 .  

J .  Axelrod ( 196 5 ) . The metabol i sm,  sto rage and relea se of 
cate cholamine s.  Recent Progress in Hormone Research 
2l,, 597 - 6 22 .  

P.  Bae t zne r ,  H . L .  Fehm , K . H  Vo i gt , M .  Schleyer and E . F. 
Pfei ffer ( 19 7 2 ) .  Mea surement of biological a c t ivi ty 
in various growth hormone prepara t ions u sing a 
modifi ed t ibia t est . Acta Endocrinologia ZQ, 
23 1 - 238 .  

C . A .  Ba ile , z .  Gl ick and J .  Mayer ( 1969 ) .  Effec t s  o f  
sec re t in and cholecy stokinin-pancreo zymin on 
pancreat ic jui ce and insulin secret ion of goa t s . 
Jourpal of DairY Science �. 513 - 517 . 

R . M. Bala , K . A .  Fergu son and J. C .  Be ck ( 1970 ) .  Pla sma 
biol ogical and immunoreactive huma n growth hormone­
l ike a c t ivity. Endocrinology �. 506 - 516 . 

J. M. Ba ssett and A •. L . C . Wallace ( 1966 ) .  Short -term effe c t s  
o f  ovine growth hormone on pla sma glucose , fre e fa t ty 
a c i d s  and ketone s in sheep.  Metabolism 12· 
933 - 9�� . 

J. M. Ba s se t t , G . D .  Thorburn and A . L . C .  Wa llace ( 19 70 ) .  
The pla sma growth hormone c oncentra t ion of t he 
foe t al lamb .  Journal of Endocrinology �. 
251 - 263 . 

J. M .  Ba s se t t  ( 1971 ) .  The effe c t s  of glucagon on pla sma 
c onc�ntrations of insul in,  growth hormone , gluco se 
and fre e  fa tty acids in sheep : compari son wi th the 
effec t s  of catecholamine s .  Australian Journal of 
Biological Science �. 3 11 - 3 20.  

J . M .  Ba s se t t  and G .  Alexander ( 19 71 ) .  Insulin, growth 
hormone and corticosteroi ds in neona tal lamb s .  
Biology of the Neonate 12. 112 - 125.  

J . M .  

J . M .  

Ba ssett ,  R . H .  We ston and J . P .  Hogan ( 1971 ) . Dietary 
regulat ion of pla sma insulin and growth hormone 
c oncentrations in she ep. Aust ralian Journal of 
Biological Science �. 3 21 - 330.  

Bas s e t t  ( 1 97 2 ) . Pla sma glucagon concen tra t ions in s h  . 
th · 1 · eep . e � r  regu a t �on and rela t ion t o  concent ra t ions o f  insu l in and growth hormone . Au s tral ian Journal of B iologic 1 s · 22, 1 2 7 7  - 128 7 . a c �enc e , 



J. M.  Ba asett ( 1975 ) .  Dietary and ga strointestinal cont ro l  
o f  hormone s regulating carbohydrate metabol i sm in 
ruminant s .  In Proceedings of the Fourth International 
�m��i�m �� ��vsiolo�y of Digfstion and Metabolism iD:iEe Ruminani: PP 3 3 - 398 I . W. McDonald and 
A . C . I .  Warner ,  editor s ) .  Austral ia : New England 
Publi shing Unit . 

D. E .  Bauman ( 1976 ) .  Intermediary metaboli sm of adipo se 
t i ssue . Federation Proceedings li• 2308 - 23 13 . 

E .  M.  

Milan :  

L . L .  

H . A .  Bern and c . s . Nicoll ( 1968 ) .  The compara t i ve 
endocrinology of p rolactin.  Recent Progress in 
Hormone Reaearch �. 681 - 7 20 .  

S . A .  Ber son and R . S .  Yalow ( 196 1 ) .  Preparat ion and 
purifica tion of human �3 1I-insulin, b inding to 
human insulin-b inding antibodi e s .  Journal of 
Clinical Inyestigation �. 1803 - 1808 . 

S . A .  Berson and R . S .  Ya low ( 1968 ) .  Human growth hormone 
labelled with radi oac t ive iodine at high spec ific 
a c t ivity : preparation ,  purification and chara cter­
i sat ion tor i mmunochemical studie s a nd immunoa ssay . 
In �;�=����: �t the First International Symposium 
on Qrowth Hqrmoye· pp �7 - 59 A .  Peci le and E . E .  
Muller , e ditor s • Milan : Excerpts Me dica 
Foundat ion. 

C . A .  Birge , A .T .  Peake , I . K. Mari z and w. H .  Daughaday ( 196 7 )  
Radio-immunoa ssayab le growth hormone i n  the rat 
pitu itary gland : · effects of age , sex and hormonal 
sta te.  End9cr�nolQgY �. 19 5 - 204 . 

A .K .  Blom, K .  Hal se and K.  Hove ( 1976 ) .  Growth hormone , 
insulin and sugar in the blood pla sma of bull s :  
interrela t ed diurnal variations. Acta EPdQcr�nologia 
�. 7 58 - 766 . 



224 

O . D. Bruno , G .  Copinachi and R .  Lecl erq ( 1971 ) . Growth 
hormone re sponse to rapid i ntravenou s injec t ion o r  
� 1- 3 4  ACTH. HQrmone aud Metabolic Bepearch 1. 
3 1 8  - 3 20 .  

G . D .  Bryant , F . C .  Greenwood and J. L. 
Pla sma prolactin leve l s  in the 
and experimental modiricat ion.  
Endocrinology !&:,Q, iv - v .  

Linzell ( 196 8 ) .  
goat : phy siological 

Journal or 

G . D .  Bryant , J. L .  Linzell and F . C .  Greenwood ( 1970 ) . 
Plasma prol a c t in i n  goa t s  mea sured by ra dio-immuno­
a ssay . Erfect s  of  teat st imulation, mat ing 
behavi our , stre s s ,  re st ing, and of oxytocin , insulin 
and glucose i njection s .  Hormonep 1. 26 - 3 5 .  

M . T . Buckman and G . T .  Peake ( 1973 ) .  O smolar c ont rol o f  
pro la c t in se cre t i on in man .  SQience �. 755 . 

C . L . Burek and L . A . Frohman ( 1970 ) .  Growth hormone 
synthe si s by rat pitui taries� yitfo: erfec t  o f  
age and sex. EndoQrinology 8 , 13 1 - 136 7 .  

H . G .  Burger , V . W . K .  Lee a n d  G . C .  Rennie ( 1972 ) .  A 
generali se d  computer progra m for the t reatment o r  
da ta  from c ompe t i t ive pro t e i n-b i nding a s say s 
including ra dio-immunoassay a .  JQUKnal or LaboratorY �nd Clinical Medicin� �. 3 02 - 3 0  • 

R .  Burgu s ,  P. Bra zeau and W Vale ( 1973 ) .  I so lation and 
de termina tion  of the primary s tructure o f  soma to ­
statin ( a  somat otropin relea se inhibiting fac t or ) 
of ovine hypothalamic origin . In Adyafces ip human 
�rowth Hormone BePearQh. pp 139 - 143 s .  Ra i t i , 
editor) . Wa shington : US DHEW Publ ica t i on .  

J.P .  Cain,  G . H .  Williama and R . G . Dluhy ( 1970 ) .  Gl ucagon 
st imulation of human growth hormone . JQurnal or 
Q•inical EPdOQfino.ogY !1. 222 - 224 . 

A . B. Caldwell and J . N .  Fa i n  ( 1970 ) .  I nhibit ion of cyclo­
heximide and D-act inomycin of the a c tivation of' 
l ipoly si s  du e t o  growth hormone , in whi te fa t cell s .  
Hormone and MetaboliQ BeaearQh �. 3 - 5 . 

W.T . Caraway ( 1970 ) .  In fund@mentals �r Clinical Chemiptry, 
pp 145 - 176 ( N . w .  Tiet z ,  edi t or • Philadelphia : 
W . B.  Saunders Co . 

J. Charr ier ( 1978 ) .  Age -dependent var i a t i ons o f  
somatomedin-A act ivi ty in the rabbit . AHnales de 
Biologie Animale BioQhimie Biophysiaue lli. 33 - 43 . 



225 

L.E .  Cha se , P . J . Wangsnes s  and R . J. Mar t in ( 1977 ) .  
Portal blood insulin and me tabolite change s with 
spontaneous feeding in steers.  Journ§� of Dairy Science �. �10 - �15 . 

R . A .  Chi eri , J. C .  Ba sabe and J. M. S .  Farina ( 1976 ) .  Evi dence 
ror a hypophyseal fac tor tha t  sti mulat e s  insulin 
secret ion by the pancrea s .  Hormone and Metabolic 
Resear9b �. 3 29 - 3 3 2 .  

M .  Cornbla th , M . L .  Parker ,  S . H.  Rei sner ,  A . E .  Forbe s and 
W. H .  Daugha day ( 196 5 ) .  Secret i on and metaboli sm of 
growth hormone in prema ture and full-term infant e . 
Journaf Af Clinical EndocrinolQgy and Metabolism 22. 
209 - 21 • 

A . T .  Cowie and J. S .  Tinda l  ( 1971 ) .  The rhysiology ot 
Lactation. London : Edward Arnold Ltd .  

J. A .  Da sh and D . B .  Lindsay ( 1967 ) .  Compari son of a n  
immunoassay a nd bioa ssay o f  insulin i n  sheep pla sma . 
Journal of Endocrinologx lZ, 119 - 1 28 .  

w. F. Daughaday and J.T . Garla nd ( 1971 ) .  The sulpha t i on 
factor hypothesi s :  recent observa t ions . In 
�o8:�et�� �= �he Secogd Interpftional gymposium pn:Gfoith:Hormo;;, pp 1 8 - 179 A . Pecile and E . E .  
Muller, edit or s  • Milan : Excerpts Medica Founda t i on .  

w. H .  Daughaday , L. s .  Phillips  and A . C .  Herington ( 19 75 ) . 
Regulation of soma tomedin generation.  In rroceedinga 
fi� �� Third �nterniti�nal SYmposium on Growth Hormone. pp 1 9 - 177 A .  Pec ile and E . E .  Muller , 
editor s ) . Milan : Excerpts Medica Foundat ion. 

S . L .  Davis ( 1972 ) .  Pla sma level s of prolactin,  growth 
hormone and insulin in sheep following the infusion 
of arginine , leuci ne and phenylalanine . Endpcr+nologY 
�. 5�9 - 555 . 

S . L .  Da vi s and M. L .  Borger ( 1973 ) .  Hypothalami c  ca techol­
amines effects  on pla sma levels  of p rola c t in and 
growth ho rmone in Sheep. Endocrinplogx �. 3 03 - 309 . 

S . L. Davi s  and M. L .  Borger ( 1974 ) .  Dynamic change s in 
pla sma prolac t i n ,  luteinising h ormone and growth 
hormone in ovariec t omi sed ewe s .  Journal of An+mal 
Sgiep9e �. 79 5 - 8 02 .  

S . L.  Davi s ,  D . L .  Ohlson , J.  Klindt and M . S .  Anfinson ( 1977 ) .  
Epi sodic growth hormone secret ory pat t erns in shee p :  
relationship t o  gona da l  steroi d  hormone s .  AmeriQan 
Journal ot PbYsiology � E519 - E5 23 . 



226 
B .  De sbuquo i s  and G . D .  Aurbach ( 1971 ) .  Use of poly­

e t hylene glycol t o  sepa rate free a nd antibody-bound 
peptide hormone s in radio-immunoa saay a .  Journal 

E .  

of Clinical Endocrinology ll• 73 2 - 738 . 

Mi lan : 

Influence 

R . J. Dudl , J. W .  Ensinck , H . E .  Pa lmer and R . H .  Wi l l iams ( 19 73 
( 19 73 ) . Effec t  o f  age of growth hormo ne secre t i on 
in man .  Journal of Ctinical Endocrinology and 
Metabolism 11. 1 1  - 1 • 

L . W .  E a t en Jr . ,  E . W. Klo sterman and R . R . Johnson ( 1968 ) .  
Day t o  day var i a t ion and the e ffec t  of stress upon 
circula ting bovine gr owth hormone leve l s .  Journal 
of Animal Science 22. 178 5.  

s .  Efendic , T .  Hokfel t and R .  Luft ( 1975 ) .  Soma t oata t i n ,  
a hormone of the a 1  c e l l a  of the pancrea t i c i sl e t s ,  
and i t a  influence o n  the secre t ion o f  insul in and 
gl ucagon . I n  ���geft���� �f the T�ird Intfrnational 
gymposium on Growth Horm�ne· pp 21 - 2 21 A .  Pec i l e  
and E . E .  Mul l er , e di t ors • Milan : Excerpts Me di ca 
Founda t ion . 

s .  Ell i s ,  R . E .  Grindeland, T . J. Re illy a nd S . H .  Yang ( 19 7 5 ) .  
Stu di e s  on the nature of pla sma growth hormone . I n  
����di�= � the Third International Symposium on Qrowth �ormQn;, pp 75 - 83 A .  Pec ile  and E . E .  Muller , 
editors • Milan : Excerpts Medica Founda ti on .  

A .  En ja lbert ,  F .  Moo z ,  L .  Carbonell ,  M. Prism and C .  Kor don 
( 1977 ) .  Prolactin inhib i t i ng activi ty o f  dopamine­
tree subcellular fract ions from ra t me dioba sal 
nypothalamu a .  Neuroendocrinology �. 147 - 16 1 .  

J . N .  Fa in,  V . P .  Kovacev and R. O.  Scow ( 196 5 ) .  Effe c t  of 
growth hor mone and de xame tha sone on l i poly si s and 
metaboli sm in i sola ted fa t cells of the rat . Journal 
ot Biological Ch6m1stry �. 3 522 - 3 5 29 .  

J. B. Field ( 1964 ) .  Factors  concerned with insulin 
synthe si s and relea se . Metabol.am li· 407 - 4 21 . 

S . E .  Fineberg , A . A .  Horland and T . J . Merimee ( 1972 ) .  
Free fa t ty aci d concentra t i ons and growth hormone 
secre t i on in man . Metabolism 21· 491 - 499 . 



227 

J . W .  Finkel stein, H . P. Roffwarg,  R . M. Boyar ,  J. Kream 
a nd L. Hellman ( 197 2 ) . Age-rela ted change in the 
twenty-four -hour spontaneous sec ret i on o f  growth 
hormone . Journag of Ctinical EndocrinologY and 
Metabolism li• 65 - 70.  

D . J. Finney ( 1964 ) .  Statistical Method in Biological Assay, 
pp 454 et seq .  London : Gri ffin and Co . 

I . A .  For syth and C . R . w .  Edwa r ds ( 1972 ) . Human prola c t i n ,  
i t s  isol a t ion , a s say a nd clinic a l  a ppl icat ions . 
Clinical Endocrinology l• 293 - 314 . 

I . A .  For ayth and I . e .  Har t  ( 1975 ) . Mammot rophic hormone s 
in ruminant s .  In Proceedings of tbe Third Inter­
�tional Symposium on Growth Hormon, , pp 422 - 43 2 

A .  Pec i le and E . E. Muller , e ditors • Milan : 
Exce rpts Me di ca Foundat i on. 

M. J. O . Franc i s  and D . J.  Hill ( 1975 ) .  Prol a c t i n  st imulated 
pro duct ion of somatome din by ra t l iver . Nature �. 
167 - 168 .  

H .  Fri e sen and P .  Hwang ( 1973 ) .  Human prolac t in .  
Appual Reyiew of Medicine �. 251 - 270 . 

L . A .  Frohman , M.  Re ichl in and J . E .  Sokal ( 1970 ) .  
I mmunologi c a nd biologi c proper ties  of a nt ibodi e s  
to a glucag on-serum a lbumin polymer . Endocrinology ll. 105 5  - lo6l . 

L . A . Frohman , J . W .  Maran and A . P. S .  Dhar iwa l ( 1971 ) . 
Pla sma growth hormone re sponse to intrapi tui tary 
inject ions o f  growth hormone relea sing hormone in 
the rat . Endocrinology �. 1483 - 1488 . 

L .  Fryklund, A .  Skottner , H .  Sievert sson and K .  Hal l  
( 1975 ) .  Soma tome di n  A and B :  i s ola t i on,  chemi stry 
and in yiyo effe c t s .  In Proceedings of tbe Th�r� 
rg�efpational Symposium on Growth Hormo�e ,  pp 1 5 -
1 A . Pecile a nd E . E ,  Muller , editors • Mila n :  
Excerpts Medica Founda tion .  

J. R .  Gavin,  J.  Roth,  D. M .  Nevi lle , P De Meyt s and D . N .  
Buell ( 19 74 ) . I nsulin-depende nt regula t ion of 
insulin receptor concentrations : a di rec t 
demonstra t ion in cell  cul ture . Proceedings of 
the National Academy of Sciences Zl· 84 - 88. 

J. E .  Ger ich, M. A .  Cha r l e s and G . M. Grodsky ( 1974 ) .  
Character i sa t ion of t he effe c t s  o f  arginine a nd 
glucose on gl uc agon and insu l i n  relea se from perfu se d 
ra t pancre a s .  Journal of Clinical Inyestiga�ion �. 
833 - 841 . 



228 

S . M. Gli ck end s .  Goldsmith ( 196 8 ) .  
growth hormone secret i on .  In ��������� 

H. M.  Goodman ( 196 8 ) .  Growth hormone and the me t abol i sm o� 
carbohydr a t e  and l ipi d in a di po se cel l s .  Annals of 
the New York Academy of Science �. �19 - 440 

H. M.  Goodman ( 1970 ) .  Permi s sive effects  of hormone s on 
lipolysi s .  Endocrinology �. 1064 - 1074 . 

P .  Gorden, 1C . M. Hend1icks a.qd J. Roth ( 1973 ) .  Evi dence 
for . b ig ' and l i t tle c omponent s of human pla sma 
and pi tu i t ary growth hormone . Journal o� Clinical 
Endocrinology and Metabolism �. 178 - 1 � . 

L. Gran di son and J .  Me i t e s  ( 1976 ) .  Evi dence tor a dr energic 
media t i on of chol inergi c inhib i tion of prolact i n  
relea se . Endocrinology �. 775 - 779 . 

F. C .  Greenwoo d ,  W. M.  Hunte r  and J . S .  Glover ( 1963 ) .  The 
prepara t i on o� l 3 l i -labelled human growth hormone o f  
high apeci �i c  activity . �iochemical Journal �. 
1 14 - 123 .  

G. W. Grodsky and P . H .  For sha m ( 1960 ) .  An immunochemical  
a ssay o f  t otal e xt ra c table insulin in  man .  Journal 
9f Clinical Inyestigatic� �. 1070 - 1 079 . 

C . E .  Gro avenor , L.  Kruli ch and S . M. McCann ( 1968 ) .  
Deple tion of pitui tary concentrat ion of growth 
hormone a s  a r e sult  of suckl ing in t he lac t a t i ng ra t .  
Endocrinology � 617 - 6 19 .  

R .  Guillemin ( 1973 ) .  Hypo thalamic pept i de s  r egulat ing 
the secret ion of growth hormone : growth hormone 
relea sing fac tor . I n  Advances tn Human Growth 
5ormone Research, pp 139 - 143 S .  Ra i ti , edi t or ) .  
Wa shing t on : US DHEW Publ ica t i on. 

C . N .  Hales and P. J. Rendle ( 1963 ) . I mmunoa s say of insul in 
wit h  insul i n /ant ibody precipi tate . Biochemica� 
Journal �. 13 7 - 1�6 .  

K .  Hall , K.  Takano , G .  Enberg and L .  Fryklund ( 1975 ) .  
Studies on the regulation of soma t ome di ns A and B.  
I n  �;�;����� �f the Third Intefnational Symposium 
on Growth:H0rmo�, pp 178 - 189 A . Pec ile and E . E .  
Muller , e ditors • Milan : Excerpts Me dica 
Founda t ion.  



229 

I . e .  Ha r t  and D . S . Flux ( 1973 ) .  The rele a se of growth 
hormone in r e sponse to milking in the goa t during 
early and late l a c t a t i on. Journal of Endocrinology 
.sz. 177 - 1 78 .  

I . e .  Hart ( 1974 ) .  The relat ionship between lacta tion and 
the release of prolac t in and growth hormone in t he 
goa t . Journal ot Reproduction and FertilitY �. 
485 - 499 . 

I . e .  Hart , n . s .  Flux, P Andrews and A .  s .  McNe i l ly ( 1975 ) .  
Radio-immunoa ssay for ovine a nd caprine growth 
ho rmone : i t s  ap licat ion t o  the mea surement o f  
ba sal c ir culat ing levels o f  growth hormone i n  the 
goa t . Hormone and Metabolic Research z, 35 - 40 . 

I . e .  Hart , J . A .  Bine s ,  S , V .  Morant and J. L .  Ridley ( 1978 ) . 
Endocrine c ontrol o f  energy metaboli sm in the c ow :  
compari son of the level s  of hormones and me tabol i tes 
in the plasma of high- and l ow-yielding cattle a t  
variou s stage s o f  lac tat ion . Journal of Endocrinology 
ll· 333 - 345 .  

T .  Haya shi da and C . H. Li ( 1959 ) .  A c ompa r a t ive immuno­
l ogical study of pi tuitary gr owt h  hormone from 
various speci e s .  EndoerinoloiY �. 944 - 956 . 

J. P .  Hecht , J. M .  De llacha , J. A .  Sa nt ome , A . L . Paladin! , 
E .  Hurwi t z  and M.  Sela ( 1971 ) .  Lipolytic activity 
or bovi ne growth hormone bound to eepharo ae bea d s .  
fEBS Lcttcro �. 83 - 86 . 

L. S .  Hermann and T .  Decker t ( 1977 ) .  The effect of 
epinephrine and i soproterenol on insulin secre t ion 
and glucose uti l i sa t i on in i sola ted i slets of 
Langerhans :from mice . As;ta Endocrinolpgi� �. 
105 - 1 14 .  

F .  Hertelendy , L. J.  Ma chlin , and D. M.  Kipni s ( 1969 ) .  
Further studi e s  on the regula t ion of insul i n  and 
growth hormone secretion in she ep . Endpcrinology �. 
19 2 - 199 . 

F.  Hertelendy , K .  Takaha ehi , L. J.  Machlin &nd D . M .  Kipni s 
( 1970 ) . Growth hormone and insulin se cre t ory 
response s t o  argini ne in sheep ,  pig and c ow .  
Qeneral and Comparative Endocrinology �. 72 - 77 . 

F.  Hertelendy and D. M .  Ki pni s ( 19 73 ) .  St u di e s on growth 
hormone secre t ion : V. Infl uence of pl a sma fre e  
fat ty a c i d  level s .  Endocrinology ia. 40 2 - 410 . 



� 0  

R . L . Hint z ,  D. C .  Clemmens , L . E. Underwo od and J. J.  Van 
Wyk ( 1972 ) .  Compe t i t ive binding of soma t omedin t o  
the insul in rece pt ors of a dipocyte s ,  chondrocyte s 
and l ive r membrane s .  Proceedings of the N�tional 
Academy of Scieppes. U8A �. 23 51 -23 53 . 

M. Hor i no ,  L . J .  Machlin,  F.  Hertelendy and D. M .  Kipni s 
( 1968 ) .  Effec t of short-cha in fa tty a c i ds on pla sma 
insulin in ruminant and non-ruminant species.  
Endocrinology �. 118 - 1 28 .  

D. F.  Horrobin ( 19 74 ) .  Prolactin 1974. Me dical and 
Technical Publi shing Company , UK .  

N .  Hotta , o .v. S irek and A .  Sirek ( 19 71 ) .  Stu die s o n  the 
intera c ti on between growth hormone and dihydro­
ergo tamine in adipo se cel l a .  Hormope and Metabolic 
Research i• 16 1 - 166 end 3 21 - 3 2 5 .  

K. Hove and K .  Blom ( 1973 ) .  Pla sma insulin and growth 
hormone in da iry cows : diurnal variat ion and 
relat ion to food int ake a nd plasma sugar and 
acetoacetate leve l s .  Acta Endocrinologia Z3J 289 -
303 .  

c . c . s .  Hsu , W. I .  Wa i the ,  P.  Ha thaway and K .  Hirschhorn 
( 1973 ) .  The effect s  of foe t u in on lymphocyte s : 
lymphocyte-st imula t ing prope rty . Clinical and 
Experimental ImmunologY �. 427 - 43 4 . 

J. T .  Huber ( 1968 ) .  Development of the dige st ive and 
metabolic appara tus of the calf.  Journal of pairy 
Science 52, 1303 - 13 1 5 .  

W. M.  Hunter and F . C .  Greenwo od ( 196 2 ) . Prepar a t ion o f  
l 2 5I -labelled huma n growth hormone o f  high spec i fic 
a c tivity . Nature �. 495 - 496 . 

R .  I l l ig and A .  Pra der ( 1970 ) .  Effect of te sto sterone on 
growth hormone secret i on in pa tient s wi th anorchia 
and del ayed puberty . Journal of Cl�n�cal Endp-, 
crinology and Metabolism lQ. 615 - 1 • 

H .  Imura , Y. Naka i ,  s .  Mat sukura and H .  Wat suya ma ( 19 73 ) .  
Effect o f  intravenou s infU sion of L-dopa on pla sma 
growth hormone leve l s  in man . Hormone and Metabolic 
Research �. 41 - 45 . 

I . G .  Jarret t  ( 1968 ) .  Control of metabol i sm i n  ruminant s .  

�� m������ tiim�;l�1ft�?rga��C:iiG�����su 
Control, pp 17 - 1 3 ( C .  Gua l  and F . J. G. Ebling , 
e di t ors ) .  Amsterda m :  Excerpts Medi ca Foundat i on.  



• 

23 1 

I . A .  Ka mberi , R . S .  Mical and J. C .  Porter ( 1971 ) .  Effe c t s  
o f  melatonin and serotonin on the relea se o f  FSH 
and prolac tin.  Endocrinology �. 1288 - 1 293 . 

R . H .  Khouri ( 1966 ) .  Studies on the absorption of yolatile 
tatty acids in calyes. Ph. D. Thesi s ,  Ma ssey Universi ty 

N .  Kokka , J .F.  Garcia , M.  Morgan and R .  George ( 1971 ) .  
Immunoassay of plasma growth hormone in cat s  
following fa sting,  a dmini stration o f  insulin,  
arginine , 2-deoxygluc o se and hypothalamic extra c t . 
Endocrinology �. 3 59 - 366 . 

N.  Kokka , J. F. Garc ia , R ,  George and H .W. Elliott  ( 1972 ) .  
Growth hormone and ACTH secre t i on& evidence for an 
i nverse relationship in rat a .  Endocrinology 2Q, 
73 5 - 741 .  

J. A .  Koprowski and J.A . Tucker ( 1973 ) .  Bovine serum growth 
hormone , cortico i da and insulin during lactat ion. 
Endocrinology 21. 645 - 6 51 .  

c .  Kordon , C . A .  Blake , J. Terkel and C .H .  Sawyer ( 1973 ) .  
Participation of serotonin-cont a ining neurons in the 
suckling-induced ri se in pla sma prolac t in levels  in  
lactat ing rat s .  Neuroendocrinology 11. 213 - 223 . 

J.L.  Ko styo , K .  Uthne , C . R .  Reagan a nd L . P .  Gi mpel ( 19 73 ) .  
Compari son of the effects  of growth hormone and 
somatome din on skele ta l  muscle metabol i sm .  I n  
Adya�es in Human Gro�th Hormone Research, pp 127 -
134 s .  Rai ti ,  e ditor • Wa shington : US DHEW. 

M. E .  Krahl ( 1972 ) .  Insulin a ction a t  the moeecular leve l .  
Diabetes � ( Supplement 2 ) ,  695  - 102 .  

L. Krul i ch and s . M .  McCann ( 1966 ) .  Effect o f  altera t i ons 
in  blo od sugar on pituitary growth hormone content 
in the rat .  Endocrinology za, 759 - 764 • 

P.N.  Kulkarmi and A . A .  Simpson ( 1974 ) .  Effec t  of 
ergocornine on perphena zine and oe strogen-indu ce d  
pr olactin relea se . Journal of Endqcrinology �. 
3 5  - 41 . 

c .  Lucke , N .  A delman and S . M .  Glick ( 1972 ) .  The effect  of 
elevated fre e  fatty acids on sleep-induce d  huma n 
growth hormone peak. Jqurnal Qf Clinical 
Endqcrinology li• 407 - 412 .  

J. Luthman and G .  Jonson ( 19 72 ) .  Short-term hormonal 
effect s  on blood gluco se and non-ester ifie d fat ty 
a c ids in female sheep . Acta veterinaria 
Scandinayica 11, 112 - 127 .  



J . W. McA t e e  and A .  T renkl e  ( 19 71 ) . Effects or feedi ng , 
fa st ing ,  glu c o se o r  arginine on plasma pr ola c t i n  
l evel s  in the b ovine . Endocrinology �. 73 0 - 734 .  

P .  McConaghey ( 197 2 ) .  Pr oduc t ion or 1 aul pha t i o n  fa c tor ' 
by rat live r .  Journal of Endocrinology �. 1 - 9 . 

A . D .  McG i llia rd , N . L . Ja c ob son a nd J . D .  Sut t on. ( l96 5 ) .  
Physiological development o f  the ruminant st omach.  
In Proceedings of the Second International Symposium 
�� t�stology of D!geftion and Metabolism in the Ruilnani. pp 39 - 7 R . w . Dougherty , e ditor) . 
Wa shingt on : Butterworths. 

H . B .  Mc intyre and W . D .  Odell ( 1974 ) .  Phy siological  control 
of growth hormone in the rabbi t .  Neurgen�ocrinologx 
�. 8 - 21 . 

R . M. Macleod,  H. Kimura and I .  Logi n ( 197 5 ) . Inhib i t ion 
of prola ctin  secret ion by dopamine and piribe dil .  In ���;�§���= �f the Third Intefnational SYmposium 
on Growth Hormo�e. pp 443 - 454 A. Pec i le and E . � .  
Muller , edit o rs • Mila n : Excerpts Medi ca 
Founda t i on.  

L. J. Ma chlin , Y.  Takahashi , M.  Horino . F .  Hertelendy , 
R . S .  Gor don and D. M .  Ki pni s ( 196 8 a ) .  Regulat ion o f  
o f  growth hormone secre t i vn in non-pr i ma t e  spec i e s .  
I n Proceedings of the First Intefnational Symposium 
on Growtb Hormone , pp 292  - 3 05 A . Pe c ile and E . E .  
Muller , e ditor s ) . Mi la n :  Excerpta Medic a  
Founda t i on .  

L. J. Machl in ,  M. Horino , F .  Hertelendy and D . M . Kipni s 
( 1968 b ) . Pla sma growth hormone and insul i n  leve l s  
i n  the pig . Endocrinology �. 369  - 3 76. 

J.G.  Manns and J . M .  Bo da ( 1967 ) .  Insul in relea se by 
acetate , propi ona t e , butyra te and glucose i n  lamb s 
and adult sheep . American Journal of Physiology �. 
747 - 755 . 

M. J. Mart al ( 1975 ) .  E�fe t s  de la t ra i t e  sur le  taux 
pla sma t i que de l hormone soma totrope chez la Breb is 
e t  chez la Chqvre . Comptes Rendus Hebdomad8ires des 
Sceancea de 1 Academie de Sciences D 280, 197 - 2 00. 

J. M .  Mar t in ,  C . C .  Mok , J. Penfold,  N . J. Howo rd and D .  Crowne 
( 19 73 ) .  Hypo thalamic s t imu l a t ion of i nsul in relea se . 
Journal ot Endocrinology �. 6 81 - 6 8 2 . 

J. A . M. Ma t theij ( 1977 ) .  Evi dence t ha t prola c t i n  play s  no 
role in o smoregul a t ion and  so di um ba l anc e in the ra t. 
Journal of Endocrinology za, 3 4P . 



233 

D . A .  Mayhew , P . H. \Vright and J .  A shrnore ( 1969 ) .  Regulat ion 
or insulin secre t ion . Pharmecoloiical Reyiews 21. 
183 - 212.  

K .  Megye si , C . R .  Kahn, J .  Ro th , P .  Gorden and D. M .  Neville 
( 1975 ) .  Radi oreceptor a ssay or pla sma non-suppre s sible 
insulin-like a c tivi ty in man : basal and stimula t e d  
levels  i n  normal and pathologi c sta t e s .  I n  
�;�:��d��: ;r the Third International S.ymposiq,m op Growth:Hormone, pp 127 - l40 A .  Pec ile and E . E .  
Muller , editors ) .  Milan : Excerpts Medi c a  
Foundat i on.  

V.  Meyer and E .  Knobil ( 1967 ) .  Growth hormone secretion 
in the unana e sthe t i se d  rhe sus monkey in re sponse t o  
noxi ous stimuli . Endocr1nologx �. 163 - 172 

A . R .  Mi dgley Jr . ,  G . D. Ni swender and R . W. Rebar ( 1969 ) . 
Pr i nc iples tor the a sse ssment or the reliabil ity o f  
ra dio-immunoassay met ho ds ( preci sion,  accura cy , 
sensitivi ty , specifici ty ) .  In Proceedings of the 
First Karolinska Symposium on Re�earch Methods in 
Reproductive Endocrinology, pp 1 3 - 1 84 .  

R . B. Mime ,  C . L . Sc ott , O . M. Mo debe and J . E .  Bethune ( 19 73 ) .  
Prevention o f  L-dopa-induced growth hormo ne 
s t imulation by hype rglycaemia . Jg�rnal �f Clinical 
Endocrinology and MetabolU!D, lZ, 0 - 6 3 .  

R .  Mitra and H . D .  Johnson ( 19 72 ) .  Growth hormone re sponse 
t o  acute thermal exposure in ca ttle . frgccedingp 
of the Society fqr Experimental Biqlogy pnd Medicine 
m.. 1086 - 1089 .  

G . P .  Moberg, L . L.  Bellinger and V . E .  Mendel ( 1975 ) .  Effec t  
or meal feeding on dai ly rhythms or  pla sma cortico­
sterone and growth hormone in the ra t .  
Deurqendgcrinolqgy �. 16 0 - 169 .  

W.H.  Moger end I . I .  Ge schwind ( 1971 ) .  Pla sma prola ctin 
l evels in roetal sheep . Separatum Experientia zz, 
1479 - 1480 . 

G . W. Montgomery ( 1976 ) .  Tryptoph8n deficiepcY and foqd 
�i..t,jn�t.liia�k ... e..._...g,.e""'p'*-r.we.,;jp�s.-.i�q..,.n......,i.un�p:;.,i�ot:�og�s. Ph.  D .  The si s ,  Ma ssey 
Uni ver si ty. 

E . E .  Kuller ( 1973 a ) .  Nervou s control of growth hormone 
secret ion. Neuroengocrinology ll· 33 8 - 369 . 

E . E .  Muller ( 1973 b ) .  The nervou s control of human 
hormone relea se . In AdTances in Human G)owth 
Researcb, pp 19 2 - 217 s .  Ra i t i ,  e di t or • 
Wa shington : US DHEW Publica tion. 

growth 
Hqrmone 



23 4 

G .  Nyberg and U .  Smi th ( 19 77 ) . Human a di p o se t i s sue in 
cult ure . VI I . The long-term e ffec t  of gr owth 
hormone . Hormone and Metabolic Research i. 22 - 27 . 

M. D. L .  o ' connor ,  H . D .  Landahl and G . M .  Gro dsky ( 19 77 ) . 
Role of ra te of cha nge o f  gluco se conc entra t ion a s 
a s igna l for i nsulin relea se . Endocrinologx lQl, 
8 5  - 8 8 .  

E . R .  ar akov ( 1972 ) .  Reflex c l o sure o f  the o e sophagea l  
groove and i t s pot e nt ia l  application i n  r umi nant 
nutrition. �outh African Journal of Animal Science 
_l, 169 - 176 . 

A . S . Pagliara , G. N .  Sti l l ings , B. Hove r ,  D . M .  Ma rt i n and 
F. M .  Mut schin sky ( 19 74 ) .  Glucose mo dulat ion of a mino 
a c i d  induc e d glucagon and insul in relea se in t he 
i so l a te d  perfused rat  pancrea s .  Journal of Clinical 
Inyestigation �. 819 - 83 2 .  

C .  Pena , J . P .  Hecht , J . A .  Sa nt ome , J. M .  Del la cha and A . C .  
Pa la dini ( 19 72 ) .  Unspecificity of the t ibia -t e s t  
for growt h hormo ne a s say . Methyl thiocyana t e : a n  
int erferi ng sub stance . F$BS Letters zz, 33 8 - 340 . 

L . S .  Phi llips and H . S .  Young ( 1976 ) .  Nutrit i on and 
soma tomedin. I .  Effe c t  of fa sting and refe eding o n  
serum somatomedin a c t ivi ty and c art i lage growth 
ac tivity in rat s .  Endocrinology 2i• 3 04 - 3 14 .  

R . W .  Ph1 lli p s ,  W . A . Hou se , R . A .  Mil l e r ,  J. L. Mott and D . L .  
So oby ( 1969 ) .  Fa t ty a c i d ,  epinephr ine a nd gluc agon 
hyperglycaemia in norma l and depa nc rea t i sed sheep. 
American Jo�rnal of Ph¥siology Zll• 1 26 5  - 1 26 8 .  

A . E .  Pontirol i , G. C .  Viber t i , A .  Togne t t i  a n d  G .  Pozza 
( 19 76 ) .  Effe c t  of mete rgol i ne , a spec ifi c  sero tonin 
a ntagoni st , on huma n growth hormone re sponse to 
argi nine a nd L-dopa . Hormone and Metabolic Research 
�. lo6 - 108 . 

G. Pozza , G. Ga lanaino , M .  Hoffe l d  a n d  P . P . Hoe ( 19 5 8 ) . 
St imula tion of i n s u l in out put by mono sacchari de s  a nd 
mono sa ccha r i de deriva t ive s .  American Journal of 
PhysiologY 1.9.2., 497 - 500.  

T . R .  Pre st on ( 1963 ) .  Nut r i t i on of the e a r ly wea ne d ca lf.  
World Review of Nutrition and Dietetics �. 1 21 - 13 9 .  

R . W .  Purcha s .  A . M. Pear son , D . E .  Pr i t cha r d ,  H . D . Ha fs and H. A .  Tucker ( 19 71 ) .  Some c a rca s s  qua l i ty a n d  e ndo crine c r i t er ia o f  H ol ste i n  he i fe r s  fe d melenge strol a ceta te . Journal of Animal spience ll. 6 28 - 63 5 .  



23 5 
H .  Quabbe , w .  Ramek and A . S . Luyckx ( 1977 ) .  Growth 

hormone , glucagon and i nsulin response t o  de pre ssion 
of  pla sma free  fatty aci ds and the e ffect  of glucose 
infusion.  Journftl or Qlinical EndocrinolQgy and 
Metabolism �. 3 3 - 391 . 

R . B. Rab inowi t z ,  T . J. Mer i�e e ,  J. K.  Nel son , R . B . Schu l t z  
and S . A .  Burge s s  ( 1968 ) .  Influence of pro t e ins  a nd 
ami no a c i ds on grow th hormone relea se in man .  In 
Pro ceedings of the first Int�rnational Symposium on 
Growth HQrmone ,  105 - 115 . 

O . M . Ra do st i t s and J. M .  Be l l  ( 1970 ) .  Nutri t i on of t he 
pre-rurninant da iry c a l f  wi th spe c i a l  re ference t o  the 
dige st i on a nd absorpt i on o f  nutrient s :  a review.  
Canadi�n Jo2rnal of Animal Scienc� 2Q, 405 - 4 5 2 .  

S .  Rapt i s ,  K . E .  Schroder , J .  Ki ssing ,  G .  Rothenbuchner a nd 
E . F .  Pfei ffer ( 1973 ) .  Modi fica t ion of b a sa l  and 
a rginine-induced  growth hormone se cre t ion by 
c oncomi t a nt fat a dmi ni s t ra t ion. Acta Endocrinologia 
Supplem�nt 111, 97 . 

E . J . Rayfi eld ,  D . T .  George a nd W. R .  Be i sel ( 1974 ) . 
A l t e re d  growth hormone homeo ata s i s dur i ng a cute  
ba c terial  sep si s in t h e  rhesus monkey . Jour�al o! 
Qlinical EndQcrinology �nd Metabo.iam � 74 - 754 . 

R . Reyne a r t  a nd G .  Peeters ( 1972 ) .  Influence  of handmi lking 
upon growth hormone level s in the blood of lac ta t i ng 
c ow s .  Ar�aiyes InternatiSnale de Pharmacod¥namie et 
de Ther�ule 121. 207 - 20 • 

R .  Reyneart , M. De Pa epe , s .  Marcus  and G .  Pee t ers ( 1975 ) .  
Influence of seru m free fa tty a c i d levels  on growth 
hor mone secre t i o n  in lacta t i ng c ows . Journal of 
Endocrinology �. 213 - 224 . 

R . Reynea rt , s .  Marcu s ,  M .  De Pa epe and G .  Pee t e r s  ( 1976 ) .  
Influence of st re s s ,  age and sex on ser um growth 
ho rmone and free fa t ty acid leve l s  in cattle . 
HormQne and Metabolic Research �. 1 09 - 114 . 

A . A .  Rossini and M .  G .  Bu se ( 1973 ) .  The e ffe c t of L-dopa on 
ins ul i n relea se by i so l a te d pancrea t i c  i sl e t s  o f  the 
rat .  Hormone and Metabolic Research �. 26 - 28 . 

J .  Roth , S . M .  Glick , R . S . Ya l ow a nd S . A .  Be r son ( 1963 ) .  
Hypoglycaemia : a po tent st imulus  t o  secre t i on of 
growt h hormone . Science lkQ, 987  - 36 1 .  

J. Ro t h ,  S M. Gl ick , R . S . Ya l ow a n d  S . A . Be r son ( 1964 ) .  
The influenc e of b l o o d  gl u c o se on the plasma 
c oncent ra t ion of growth hormone . Diabetes 11. 3 55 -
36 1 .  



236 

W . D .  Salmon, M. R .  DuVall a nd E . Y. Thompson ( 1968 ) .  
St imu la t i on by insul in in yitro of inc orpora t ion of 
3 5s-sulpha te a nd 1 4c-l euc ine i nt o  prote in-poly­
sa ccharide c omplexe s ,  3H-uri dine into RNA and 3H­
thymi dine into DNA o f  co stal cart ilage from hypo­
phy sec tomi sed ra t s .  Endocrinology �. 493 - 499 .  

W . D .  Sa lmon ( 1973 ) .  Effect s of aoma t ome din on cart ilage 
metabol i sm :  further ob serva t ions on a n  inhibi tory 
serum fa c to r .  In Acrrances in Human G1ow�h Hvrmone 
Reaearch, pp 76 - 94 s .  Ra i t i , edi t or • 

Wa shingt on : US DHEW Public a t i on.  

A.  Saunde r s , L . C .  Terry ,  J.  Audet , P .  Bra zeau a nd J. B.  
Martin ( 1976 ) . Uynami c studi e s  of growth hormone 
a nd prolac t i n  secre tion in the fema l e  rat . 
Neuroendocrinology 21. 193 - 203 .  

D. S .  Schalch and S .  Re ichl in ( 1966 ) .  Pla sma growth hormone 
c oncentra tion in the rat determined by radio-immuno­
a s say : influence of sex ,  pregnancy,  lacta t i on ,  
anae sthe sia , hypophysectomy and extra se llar pi tuita ry 
transplant . EndQcrinology �. 275 - 280 • 

. A . V. Scha l ly ,  E . E .  Muller , A .  Arimur a , T.  Sa i t o ,  S .  Sawano 
and C . Y.  Bower s  ( 1968 ) . Growth hormone relea sing 
fac tor : phy siological and biol ogical studi e s  wi th 
GRF prepa ra t i ons of bovin� and porc ine origi n .  
Annals of the New York Academy ot Sciences �. 3 7 2 .  

W . J. Schindler , M. o .  Hutchina and E . J. Septimu s  ( 1972 ) . 
Growth hormone secre t i on and c ontrol in the mouse . 
Endocrinology �. 483 - 490. 

J. Schwartz and H . M .  Goodman ( 1976 ) . Compari son of the 
de l ayed acti o ns of growth hormone a nd soma tomedin 
on a dipo se t i ssue metabol i sm .  Endocrinology �. 
730 - 73 7 .  

P . L .  Schwartz and M .  Ba tt ( 19 73 ) .  The aggrega t i on o f  
1 2 51 -human growth hormone i n  re sponse t o  fre e zing 
and thawing.  Endocrinology �. 1795 - 1798 . 

G.  Schwinn and B.  Heckrodt ( 19 78 ) .  The e ffec t ot pimozide , 
TRH and cyprohe pta dine on sleep- induced gr owth 
hormone secre t i on in man.  Akta Endokrinologia 
§upplement �. 11 . 

Y . N .  SinhB , F. W .  Se lby , U . J . Lewi s and w . P .  Vanderlaan 
( 1972) . Studi e s  of gr owth hormone secre t i on in 
mi ce by a homologous ra dio-immunoa s say for mouse 
growth hormone . �ndokrinology �. 784 - 79 2 .  



23 7 
Y. N .  Sinha , F . W .  Selby, U . J.  Lewi s and w . P .  Vanderlaan 

( 1972 b ) . Studi e s  or prolact in secre t ion i n  m i c e  
by a homologou s radio-immunoassay . Endocrinoloay 
il· 1045 - 1 053 . 

D . S .  Skelley , L . P . Brown and P.K.  Be ach ( 1973 ) .  Revi ew: 
radio-immunoassay . Clinical ChemistrY �. 146 -
186 . 

W .  Snedecor and W. G .  Cochra n  ( 1967 ) .  Statistical t�thods, 
6 th editi on .  Iowa : Iowa Stat e University Pre s s .  

C .A .  Snipe s ( 1968 ) .  Erfect s o f  growth hormone and i nsul in 
on amino acid and p ro tein metabol i sm .  Quarterly 
Reyiews of Biology �. 1 27 - 147. 

R . R .  Sokal and F . J. Roh1f ( 1969 ) .  Biometry. San Franc i sc o : 
W . H .  Freeman and Co . 

I .  Spi t z ,  B .  Gone n ,  S. E .  Fineberg , T . J. Merimee and D.  
Rabinowit z  ( 19 71 ) .  Growth hormone release in ma n 
revi site d :  spontaneous ver sus st imulus-initia ted  
t i de s . In Proc�e��n�� o� �he Second In�ernational 
Sympo§ium on Grgwth Hormfrie, pp 371 - 3 1 (A . Pec ile 
a nd E . E .  Muller , e di t or s • Milan : Excerpts Med i ca 
Founds t ion. 

M. E .  Stachura and L . A .  Frohman ( 19 73 ) . Large growth 
hormone : evidence ror the associ at ion or growth 
hormone wit h  another protein mo ie ty i n  the r a t  
pituitary . Endocrinology � .  1708 - 1713 . 

J . A .  Stern,  C . A .  Baile and J .  Mayer ( 1971) . Growth 
hormone , ins ul in and gluco se i n  suckling , weanling 
and mature ruminant s .  Jourva1 of Dairy ScienQe �. 
1 052 - 1059 . 

J . K .  Stewa r t , C . R .  Reagan and J. L. Ko styo ( 1977 ) . 
Correla t i on between biological and immunological 
ac tivity or growth hormone c i rcu1atir� i n  rat s wi th 
Mt TWl5 tumour s.  EndocrinologY � 13 76 - 13 83 . 

M. C .  Stuart , L. La za ru s ,  s . s . Moore and G . A .  Smythe ( 1976 ) .  
Soma t omedin product io n  i n  the neonatal rat . Hormone 
and Metabolic Research !i, 4.42 - 445 .  

L . V. Swanson , H . D. Hafs and D . A .  Morrow ( 1972 ) . Ova r i a n  
charac teri st ics  and serum lut e inising hormone , 
prolact in, proge sterone and gl u c o c or t i co i de from 
rir et oe stru s to bree ding si ze in Hol stein he i fe r s .  
Journal of Animal Science �. 284 - 293 . 

M. J.  Swenaon ( 19 70 ) . I n  Duke§ • Phya�ol�gy of Domestic 
Animal�, 8 th edi t i on,  pp 21 - 1 M. J.  swenson , 
e di tor • Vall-Ballou Pre s s  I nc . USA . 



23 8 

N . I .  Swi slocki and C . M. Szego ( 1962 ) .  Acute reduction of 
pla sma non-e sterified fa tty a c ids by growth hormone 
in hypophyse c tomi se d and hous say rat s . EbYaiologi s� 
.5.. . 220 - 23 1 . 

K .  Takaha shi , W.H.  Daugha day and D. M .  Kipnis { 1971 ) .  
Regul ation of immunorea c t ive growth hormone secret i on 
in male rat s .  Endocrinologx �. 909 - 917. 

G . S .  Tannenbaum and J . B. Martin ( 1976 a ) .  Evi dence for 
an e ndogenou s  ultra dian rhythm governing growth 
hormone secre t i on in the ra t .  Endpcrinology ia, 
56 2 - 570 . 

G . S .  Ta nnenbaum and J . B .  Martin  ( 19 76 b ) .  Ultradian 
growth hormone rhythm in the ra t : e ffe c t s  of fee di ng 
hyperglycaemia and insul in-induced hypoglycaemia . 
Endocrinology 2i• 720 - 727. 

J. S .  T inda l , G. S .  Knaggs ,  I . e .  Hart and L . A .  Blake ( 1978 ) .  
Relea se of growth hormone in la ctat ing and non­
lac ta t ing goa t s  in rel a t i on t o  behaviour ,  stage s o f  
sleep , elec troencepha l ograms , environmental st imul i 
and levels o f  prol act in ,  insulin,  gluco se and free 
fa t ty acids in t he c i rculat ion. Journal ot 
Endocrinology �. 333 - 346 . 

G .  Tol i s  and H . G .  Fri e sen ( 1975 ) .  The c ontrol of pr ola c t i n  
se cre t i on. In Recent s(udies of Hypotha1amic 
Functio�, pp 134 - 146 K .  Le de r i s  and K . E .  Cooper , 
edi t or s  • Ba se l : Karge r .  

A .  Trenkle { 1967 ) .  Pla sma growth hormone i n  sheep. 
Journal of animal Sci�n2e �. 1497.  

A .  Trenkle ( 1970 ) .  Soli d-pha se ra dio -immunoa s say for 
she ep growth hormone . Proc�edings ot the Society 
for Experimental Biology and Medicine lll. 1018 - 102 2 .  

T .  T su shima , M .  Irie and M .  Sakuma { 1971 ) .  Ra dio-immuno ­
a ssay for cani ne growth hormone . Endocrinology �. 
68 5 - 694 . 

H. A .  Tucker , J.A . Koprowski , J. H .  Bri t t  and W, D.  Oxender 
( 19 74 ) . Serum prola ctin a nd growth hormone in 
Ho l stein bul l s .  Journal of Dairy Science 21. 
109 2 - 1094. 

L. E .  Underwood, R . L. Hint z ,  S . J. Vo ina and J. J. Van Wyk 
( 19 72 ) .  Human soma t ome din, the growth hormone d 
dependent sulphation fac tor , i s  ant il i po lytic . 
Journal of Clinical Endocrinology �. 194 - 198 .  



239 

K .  Uthne ( 19 73 ) .  Human s omat omedin s ,  puri�i c a t ion and 
some studie s on the ir biological  c a t i on.  � 
Endocrinologia Supplement ll2· 

W. Vale , P. Bra zeau ,  C .  R ivier and R .  Gui l lemin ( 19 73 ) .  

J . L .  

Biolog i c a l  studi e s  wi t h  s omat o sta t in .  I n  Adyances 
tn Human Growth H�rmone Research, pp 159 - 18 2 

s .  Ra i t i , edi t or • Wa shington : US DHEW 
Publ ica tion.  

Pla sma soma tomedin : cl inical 

D .E . Van Orden  ( 1972 ) .  The ana lysis  a nd frac t iona t i on of 
l 2 5I -lute ini si ng hormone by gel fil t ra t i on .  

Proceedings of the S�ciety for Experimental Biology 
and Medicin�, �. 2 7 - 270.  

J . J. Van Wyk , L . E. Unde rwood,  R . L . Hintz , S . J. Vo ina a nd 
R . P . Weaver ( 19 73 ) .  Chemi c a l  prope r t i e s  and some 
biological  erfe c t e o f  huma n somatomedin .  I n  
Adv1nces in Human Gr�wth Hormone Research, pp 25 -
45 s .  Ra i ti , edi tor • Wa shington : US DHEW 
Publ i ca t ion.  

A . L. C . Wa lla ce and J . M .  Ba sse t t  ( 1970 ) .  Pla sma growth 
hormone c onc entrat ions in she e p  mea sure d  by ra dio­
immunoa ssay . Journal of Endocrinology �. 21 -
36 . 

P . G .  Wa rner and W. P .  Fla t t  ( 196 5 ) .  Ana t omic a l deve l opment 
of the ruminant s t omach . In Proceedings of the 

�!���� ��t!�na�o�: ���osium on fhysrology of 
niieit�on in tfie RUminant, PP 24 - 3 8 R . W .  Dougherty ,  
edi t or • Wa shingt o n : Bu t t e rwor ths . 

T . A .  Welborn and T . R .  Fra ser ( 196 5 ) .  The double ant ibody 
i mmunoa ssay of insulin - a standardi sed se cond 
antibody rea c t io n  t ha t  e limina t es spuri ous re sult s 
with human serum . Diabetologia 1. 2 1 1  - 218 . 

B. Wolf,  J . A .  Le snaw and M . E .  Re i chma nn ( 1 970 ) .  A 
mechani sm of the i rreversible i nact iva t ion o f  bovine 
panc reatic  ribonuclease by diethylpyrocarbonate . 
European Journal of Biochemistry 11. 5 1 g - 5 25 . 



I . G .  Wool and R .  Scharff ( 1968 ) .  Effect of insulin and 
diabetes on amino ac i d  t ransport in musc l e . In  
?rotein Nu��ifion and Free Amino A�id Patterns, 
pp 157 - 1 J . H .  Lea them,  edi t or • 

R . S .  Yal ow and S . A .  Berson ( 1960 ) .  Immunoa ssay of 
endogenous pla sma i nsul in in man. Journal of 
Clinical Investigation �. 1157 - 117 5 .  

240 

R . S.  Yal ow and S . A .  Ber son ( 1968 ) .  Radio-immunoa s say of 
human growth hormone in pla sma : princ iples ,  
pra c tice s and t echni que s .  In rroceedingp of the 
Firgt Ingerfational SYmposium on Growth Hormon, , 
pp 0 - 9 A .  Pec ile a nd E . E .  Muller , e di tors • 
Mi lan : Excerpts Medica Foundat ion .  

F . G .  Young ( 1968 ) .  Insulin and the act ion of growth 
hormo ne . In �;�;�ed���= �: the First Intefnational 
Symoosium on Growth Hqrm�ne, pp 139 - L5 2 A .  Pec i le 
and E . E .  Muller , editor s • Milan : Ecerpta Medica 
Foundat ion. 


	10001
	10002
	10003
	10004
	10005
	10006
	10007
	10008
	10009
	10010
	10011
	10012
	10013
	10014
	10015
	10016
	10018
	10019
	10020
	10021
	10022
	10023
	10024
	10025
	10026
	10027
	10028
	10029
	10030
	10031
	10032
	10033
	10034
	10035
	10036
	10037
	10038
	10039
	10040
	10041
	10042
	10043
	10044
	10045
	10046
	10047
	10048
	10049
	10050
	10051
	10052
	10053
	10054
	10055
	10056
	10057
	10058
	10059
	10060
	10061
	10062
	10063
	10064
	10065
	10066
	10067
	10068
	10069
	10070
	10071
	10072
	10073
	10074
	10075
	10076
	10077
	10078
	10079
	10080
	10081
	10082
	10083
	10084
	10085
	10086
	10087
	10088
	10089
	10090
	10091
	10092
	10093
	10094
	10095
	10096
	10097
	10098
	10099
	10100
	10101
	10102
	10103
	10104
	10105
	10106
	10107
	10108
	10109
	10110
	10111
	10112
	10113
	10114
	10115
	10116
	10117
	10118
	10119
	10120
	10121
	10122
	10123
	10124
	10125
	10126
	10127
	10128
	10129
	10130
	10131
	10132
	10133
	10134
	10135
	10136
	10137
	10138
	10139
	10140
	10141
	10142
	10143
	10144
	10145
	10146
	10147
	10148
	10149
	10150
	10151
	10152
	10153
	10154
	10155
	10156
	10157
	10158
	10159
	10160
	10161
	10162
	10163
	10164
	10165
	10166
	10167
	10168
	10169
	10170
	10171
	10172
	10173
	10174
	10175
	10176
	10177
	10178
	10179
	10180
	10181
	10182
	10183
	10184
	10185
	10186
	10187
	10188
	10189
	10190
	10191
	10192
	10193
	10194
	10195
	10196
	10197
	10198
	10199
	10200
	10201
	10202
	10203
	10204
	10205
	10206
	10207
	10208
	10209
	10210
	10211
	10212
	10213
	10214
	10215
	10216
	10217
	10218
	10219
	10220
	10221
	10222
	10223
	10224
	10225
	10226
	10227
	10228
	10229
	10230
	10231
	10232
	10233
	10234
	10235
	10236
	10237
	10238
	10239
	10240
	10241
	10242
	10243
	10244
	10245
	10246
	10247
	10248
	10249
	10250
	10251
	10252
	10253
	10254
	10255
	10256
	10257
	10258



