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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 



ACKNOWLEDGEMENTS 

I am indebted t o  my supervisors, Professor 

D.S. Flux and Dr . R .w .  Purcha s ,  for the i r  invaluable 

guidance and encouragement . 

I should a lso l ike t o  thank the following: 

V 

Dr. D.D . S. Mackenzie for helpfUl discussion and advice . 

Dr. J.M. Goo den for invi ting and support ing my collabora­

t ion wi th his work wi th ewes and lambs . 

Dr. R. M.  Greenway for helpful advice and also for 

as sistance with se t t ing up t he glucose assay. 

Pro�essor R . E . Munfo rd , Dr. P. R .  Wilson and Mr. G . C .  

Arnold for help with the computer analysis of ra dio­

immunoassay data and discussion about stat ist ical 

t rea tment of results . 

The staff o f  the Animal Produc t ion Unit , especia lly 

Mr. L .  Robertson, a nd also of the Small Animal Produ c tion 

Unit , e specially Mr. J. E .  Ormsby. 

Finally , the staff o f  the Dairy Husbandry Department 

have all helped in countless ways , giving me advi ce and 

support throughout every st age of this study. 



TABLE OF CONTENTS 

PREFACE 

ACKNOWLEDGEMENTS 
LIST OF FIGURES 

LIST OF TABLES 

iv 

V 

xii 

xvi 

CHAPI'ER ONE 

1 . 1 

1 . 2  

1 . 2 . 1  

1 . 2 . l ( a )  

1 . 2 . l (b )  

1 . 2 . 1 ( c )  

1 . 2 . 2  

1 . 2 . 2 (a ) 

1 . 2 . 2 (b )  

1.2 . 2 ( c )  

REVIEW OF THE LITERATURE 

INTRODUCTION 

INSULIN, GROWTH HORMONE AND 
PROLACTIN LEVELS 
Stimuli for secr e t i on of insulin 

Pla sma me tabolite s  

Other hormone s  

( i )  Enteric hormone s 

( ii )  Glucagon 

( iii ) Growth hormone 

1 

1 

4 

4 

4 

5 

5 

6 

6 

The a drenergic system 7 

Stimuli for secretion of growth 
hormone 8 

Pla sma metabolit e s  and their 
rela tionship t o  growth hormone a ction 8 

( i )  Amino a cids 

(ii )  Energy sub strate leve l s  

Different physiological stat e s  

9 

1 0  

15 

( i )  Age and reproduc tive statu s  1 5  

(ii) Lac ta tion 17 

( iii ) Sleep and diurnal varia tion 18 

The adr energic system 20 

( i )  Adverse environmenta l  s timuli 
and epinephrine levels 20 

(ii )  Hypothalamic influence on 
growth hormone secretion 22 



1.2.2{d) 

�- 2 . 3  

1 .• 2 . 3  (a) 

1.2.3{b) 

1 . 2.3 ( c ) 

1 .3 

1 . 3 . 1  

1 .3 . 2 

CHAPTER TWO 

2 . 1  

2 . 1 . 1  

2 . 1 . 2 

2 . 1 . 3  

2 . 2  

2 . 2 . 1  

2 . 2 . 2 

Soma t omedins a nd other pept i de s  
rela ted to growth hormone 

Sti muli for secretion o f  prolactin 

Plasma me ta boli tes 

Different physiological sta t e s  

24 
28 
28 

29 
{ i ) Lactation 29 

( ii ) Age and repr o duc t i ve sta tus 30 

The a drenergic system 31 

( i ) Adver se envi ronmental stimuli 31 
(11) Hypothalamic infl uence on 
prolactin secretion 31 

DI GEST I ON AND META BOLI SM IN YOUNG 
RUMINANTS 

Ana tomical development of' the 
dige stive syste m 

Functional development of'  the 
dige st ive sys t e m  

C hange s  in post -pra ndia l met abolism 
and e ndocrinology wi th devel opme nt 
of' the young ruminant 

RATIONALE OF THE PRESENT STUDY 

MATERIALS , METHODS AND DEVELOPMENT 
OF METHODS 

ANI��LS , CATHETERISATION AND BLOOD 
SAMPLING 

Ani mals  and catheteri sati on 

Health and maintenance of c a lve s 

Blood sampling 

PLASMA GLUCOSE A SSAY 

Method 

Resul t s  

33 

33 

34 

36 

40 

43 

43 

43 

44 

47 

47 
47 

48 

v i i  



vii i  

� 

2 .3  RADIO-IMMUNOASSA Y  PROCEDURE 49 

2 . 3  . 1  Hormone s use d in radio-immunoa ssays 49 

2 . 3 . 2 Proce dure :for rai si ng ant ibodi es 
and i solat ing c arr ier protein 49 

2 .3 . 3  125J-l abelle d  hormones 50 

2 .3 .3(a ) Prepara t i on 50 

2 .3 . 3 (b ) Purific a t i on 52 

2 . 3 . 4  Diluent pl&sma 54 

2 . 3 . 5 Procedure :for ea ch a ssay 55 

2. 4 VALIDATION O F  RADIO-IMMUNOASSAYS 58 

2 . 4 . 1  Invest iga t i on int o parallel i sm 58 

2. 4. l ( a ) Introduct ion 58 

2. 4. l (b ) Assessment of parallel i sm 62 

( i ) Methods 6 2  

( 1i ) Re sult s 64 

( i i i ) Di scussi on 68 

2. 4. l ( c ) Concent ration of reagent s 70 

( i ) Me thods 70 

( i1) Re sult s 73 

( i i i ) Di scussion 73 
2. 4. l ( d ) Precipi t at i on reac t i on 74 

( i ) Methods 74 

( ii ) Re sults 78 

( i i i ) Di scussion 81 

2 . 4 . l ( e )  Mol ecular struc ture o:f the hormone 84 

( i ) Met hod s 84 

( 11 )  Result s 87 

( iii ) Di scussi on 8 9  



ix 

� 
2 . 4 . l ( f )  Diluent pla sma and a nticoagulant s  91 

( i )  Methods 91 
( i i )  Re sults 92 

( iii ) D i scussion 92 

2 . 4 .  2 Preci sion , sensitivity and 
specifi c ity 93 

� .4 . 2 ( a ) Preci si on 93 
(i ) Method 93 
( ii )  Re sults 95 
( i ii ) Di scussion 99 

2 . 4 . 2 ( b ) Sensit ivity lOO 

( i )  Method lOO 

( ii )  R e sult s  101 
( iii ) Di scussi on 101 

2 . 4 . 2 ( c )  Specifi ci ty 101 
( i )  Method  101 
( ii ) R e sult s and Discussion 102 

2. 5 STATISTICAL METHODS 102 

CHAPTER THREE EXPERI MENTAL SECTION 104 
3 . 1  EXPERIMENT 1 104 

3.1.1 Experimental de sign 104 
3.1.2 Re sul t s  lo6 

3.1.2(a) Diurnal pa ttern o f  hormone se cretion 106 
3 . l .? ( b )  Suckling and plasma hormone levels  117 
3.1.3 Di scus sion 118 
3 .1.4 Conclus i ons 122 



X 

� 
3 . 2 EXPERIMENT 2 1 24 

3 . 2. 1  Expe r imental des ign 124 

3 . 2 . 2  Results  1 26 

3 . 2 . 3  Discussion 134 

3 . 2. 4  Conclusions 136 

3 .3 EXPERIMENT 3 13 8 

3 . 3 . 1  Experimental de sign 138 

3 .3 . 2 Result s 140 

3 . 3 . 3  D i scussion 156 

3 .3 .4 Conclusions 163 

3 .4 EXPERIMENT 4 16 5 

3 . 4. 1  Experimental de sign 165 

3 . 4 . 2  Re sults  167 

3. 4 . 3  Di scu ssion 179 

3 .4 . 3 (�) Sal i ne treat ment 179 

3 . 4 . 3 (b} Glucose t rea tment 180 

3 . 4 . 3 (c) Insulin trea tment 181 

3 .4 . 4  Conclusions 186 

3 . 5 EXPERIMENT 5 : WORK WITH LAMBS 
AND EWES 188 

3 . 5 . 1  Experimenta l  de sign 188 

3 . 5 . 2  Re sult s 189 

3 . 5 . 3  Di scussion 199 

3 . 5 . 4  Conclusi on s  202 

3 .6 GENERAL CONCLUSIONS 204 

APPENDIX 207 



POST SCRIP!' 

REFERENCES 

xi 

� 
218 

221 



Figure 1 

Figure 2 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

LIST OF FIGURES 
Gel �iltratio� o� 1251-bovine gH 
after 1 month s st orage at -20 C, on 
Sephadex G-100 equilibrated wi th 0.025 

xii 

M borate buffer at pH 8.4. 51 

Gel �iltration o� l25I-bovi ne GH 
a�ter 5 day s' storage and 3� months' 
storage at -20�C on Sephadex G-100 
equil ibrated with 0.025 M borate 
bu��er a t  pH 8.4. 53 

Standard c urve of an i n sul i n  assay 
includi ng the level or non-speci�i c 
b inding or 125J-insulin in each tube. 125! radiation level in tube s  con­
taining two diluti ons o� each pla sma 
sample are represented. 59 

Slope s, together with 95% fiducial 
limits of sl opes, obtained by t rans­
forming standard c urve s and dilutions 
of unknown pla sma samples,  to stra ight 
l ine s by legit/log trans�ormati on. 6 6  

Percentage o f  1251-bovine GH which 
wa s bound, with varying dilut i ons 
of antibodies  and vary ing amounts 
of 125!-bovine GH. 

Sta ndard curves of GH a ssays with 
two different dilutions of � i r st 
antibodie s 

Percentage o� 1�5!-insulin which 
wa s bound, with vary ing amount s of 
GP� in the a ssay tubes ,  and in the 
pre sence of different plasma o r  
protein. 

Standard curves of GH a ssays, to 
show the effect on para lleli sm of 
changing the dilution of second 
antibodie s. 

Sta ndard curve of GH a ssay, with 
second antib odi es at a �inal dilu­
tion of 1 : 64 , assay ing hormo ne 
level s in calf and cow plasma. 

Percentage of l25J-GH which wa s 
bound, with varying di lutions of 
sec ond antibodies added with 
varying concentrati ons of 
ammonium sulphate. 

71 

72 

75 

76 

77 

79 



Figure 11 

Figure 12 

Figure 13 

Figure 14 

Figure 15  

Figure 16 

Figure 17 

Figure 18 

Figure 19 

Figure 20 

Figure 21 

Standard curve s of GH assays with 
second antibodies a dded according 
to Table III, or with antibo die s 

xi ii 

pre-reacted .  80  

Gel  filtration of lyophil i sed GH ,  
afte r  10  month s' storage in a 
dessiccator a t  4vC, on Sepha dex 
G-100 equilib rated with 0 . 05 M 
pho sphat e  buffer + 0 . 01 M EDTA 
a t  pH 7 . 4 .  8 5  

Gel filtra t i on of 125I-bovine GH 
or of immunoreacti ve GH in whole 
cal f  pla sma , on Sepha dex G-100 
equi l ibrate d with 0.05 M phospha te 
buffer + 0 . 01 M EDTA at pH 7 . 4 .  86 

Gel fi l tra t i on of 1�5!-bovine GH 
on Sepha dex G-100 equ i l ibrated wi th 
0 . 025  M borate buffer at pH 8 .4 .  
l25r radia t ion  of each fra c t ion 
c ompared with the abi lity of each 
fract ion to be bound i n  a RIA. 88 
Pla sma insulin level i n  indiv i dual 
calve s sampled at 3 0-minute 
int erva l s .  107 

Pla sma GH level in individual calves 
sample s at  3 0-minute interval s .  108 

Pla sma prola ctin level in 
individual calve s sampled at 
30-minute inte rvals . 109 

Mean value s of pla sma insulin ,  GH 
and prolactin  levels of seven c alves 
sampled at 3 0-m inute interval s . 110 

Pla sma insul in levels of individual 
calve s sample d  before , during and 
a fter suckl ing from a c ow. 111-112 

Pla sma GH levels of  indivi dual calve s 
sampled before , during and a fter 
suckli ng from a cow. 113 -114 

Pla sma prolactin  leve l s  of indivi dual 
calve s sampled before , during and 
after suckl ing from a c ow .  115-116 



Figure 22  

Figure 23 

Figure 24 

Figure 2 5  

Figure 26 

Figure 27  

Figure 28  

Figure 29 

Figure 3 0  

Figure 3 1  

Figure 3 2  

Figure 33 

Figure 34 

Effect of glucose treatment: 
plasma levels of glucose, insulin, 
GH and prolactin. 

Effect of VFA treatment: 
plasma levels of glucose, insulin, 
GH and prolactin. 

Effect of salicylate treatment: 
plasma levels of glucose, insulin, 
GH, and prolactin. 

Plasma levels of glucose in 

xiv 

127 

129 

individual calves on control day . 14?. 

Plasma levels of insulin in 
individual calves on control day. 143 

Plasma levels of GH in individual 
calves on control day. 144 

Plasma levels of prolactin in 
individual calves on control day. 145 

Plasma levels of glucose: mean 
for values obtained on arginine 
treatment days, on saline treatment 
days and on control days. 147 

Plasma levels of insulinl mean 
for values obtained on arginine 
treatment days, on saline treatment 
days and on control days. 149 

Plasma levels of GH : mean for 
values obtained on arginine 
treatment days, on saline treatment 
days and on control days. 1 51 

Plasma levels of prolactin: mean 
for values obtained on arginine 
treatment days, on saline treatment 
days and on control days. 153 

Mean GH levels after arginine -
mean GH levels after saline. 155 

Average of medians for individual 
calves, of hormone levels in plasma 
samples taken on control day during 
Experiment 3 and Experiment 4 .  16 7 



Figure 3 5  

Figure 36 

Figur e 37  

Figure 38  

Figure 3 9  

Figure 40 

Figure 41 

Figure 42 

Figur e  43 

Figure 44 

Figure 4 5  

.. XV 

Plasma gluco se l evel s: mean for 
value s obtained on insul in ,  gluco se 
and saline tre a tment days. 169 

Pla sma insul in levels : mean for 
val ue s  obtained on insul in,  gluco se 
and sa l ine tre atment days. 171 

Pla s ma GH leve ls:  mean for value s 
obta ine d on insulin,  gluco se and 
sal ine trea tment days.  173 

Pla sma prola ctin leve l s: mean for 
val u e s  obtained on insulin,  gluco se 
and saline trea tment days. 175 

Pla sma leve l s  of insulin a nd GH 
before and a fter feeding in suckling 
lambs and lacta ting ewe s.  191 

Pla sma leve l s  of insul in and GH 
before and a fter arginine treatme nt 
in suckling lamb s  a nd l acta ting ewe s .  193 

Pla sma leve l s  of insul in and GH 
before and after feeding in weane d 
lambs and non-la cta ting ewe s .  

Pla sma l evel s  of insul in a nd GH 
before and a fter arginine trea tment 
in weaned l a mbs  and non-lacta ting 
ewe s .  

Body we ight s o f  each calf for the 
dura tion o f  Experiment 2 .  

Body weights o f  each cal f  for the 
dura tion of Experiment 3 .  

Amount of mea l  eaten during ea ch 
week of Expe r iment 3 ,  by individua l 
calve s o f  group R. 

19 5 

197 

209 

210 

212 

Figures 46-48 Re cta l temper a ture s of ca lve s 
during sampl ing days  of Experime nt 

Figure 49 

Figure 50 

3 .  213 -215 

Body we ights of each calf fo r the 
duration of Experiment 4 .  216 

Standard curve s of prolactin a ssay s 
with different second antibodie s  and 
varying incuba tion time s .  218 



Table I 

Table I I  

Table Ill 

Table IV 

Table  V 

Table VI 

Table VII 

Tab le VIII 

Table IX 

Table X 

Table XI 

Table XII 

Table XI II  

LIST OF T.ABLES 

Composition of mea l fe d to ca lves. 

Da ily energy re quirements of calve s ,  
and digestible ene rgy o f  milk a nd 
mea l .  

Reagents a nd proce dures for ra dio­
immunoa ssays. 

Var ia nce components from the 
analysis of two insulin a ssays: da t a  
read  from r a w  standard curve s. 

95% fiducial limits of hormone 
concentra tion a sse ssments from raw 
standard curve s, for two insulin 
a s says: based on residual variance .  

Discrepancy between results obtained 
from sta nda rd curve slope , and from 
unknown sample slope , a s  measured 

.xvi 

� 
45 

65 

65 

a fter transforming sl opes to  a stra ight 
l ine in two insul in a ssays.  67 

Percenta ge binding achieved by 
double antibody ra dio-immunoa ssay 
compared with the use of poly­
e thylene glycol. 

Pre cision at given hor mone levels, 
region of ma ximum precision,  and 
sensitivity, of two a ssays for ea ch 
hor mone .  

Variance components from insul in  
levels  of four pla sma sa mpl e s  
assaye d re peate dly in ten insulin 
assays. 

Est i ma te s  of insul in l evels in 
four sta ndard plasma sampl e s  
measure d in ten a s says. 

Var ia nce component s from GH levels 
of three plasma sa mples assayed 
repe ate dly in ten GH assays. 

Estimat es of GH l evels in three 
standar d  plasma sa mpl es measured 
in ten assays . 

Variance c omponents from prolactin 
leve ls of two pl asma samples 
a ssayed in two groups of ten a ssay s .  

81 

95 

96 

96 

97 

97 

98 



Table XIV 

Table XV 

Table XVI 

Table XV I I  

Table XVIII 

Table XI X 

Table XX 

Table XXI 

Table XXII 

Table XXIII 

Table XXIV 

Table XXV 

Table XXVI 

Table XXVII 

Est imates or prola ctin levels i n  
two standard plasma sample s  
mea sure d i n  t wo groups o f  ten 
a ssays. 

Techniques used to  transform data 
in or der  t o  standa r di se the variance 

xvi i  

9 8  

a t  all hormo ne level s. 1 03 

Ca lve s  and blood  sampling in 
Experiment 1 .  105-106 

Calves used in Experiment 2 .  124 

Overa ll experimental de sign. 1?.4 

Wee kly treat ment proce dure 
or Experiment 2 .  125 

Ob serva tions a fter inrusions o r  
volat ile fa t ty a cids. 126 

Glucose treat ment : mean value s or 
glucose , insul i n ,  GH and prolact i n  
for dirferent sa mple t i me s o n  days 
of gluco se a nd saline t reatment .  1 28 

VFA t reatment : mean values or 
glucose , insul in, GH a nd prolact in 
in plasma ror dirrerent sample t i me s  
o n  days of VFA and saline treatment . 130 

Sal i cyla te treatment : mean values 
or gluco se ,  insulin ,  GH and pro-
lact in in pl asma for different 
sample t i me s  on days  of sal i cylate  
and sa line treatment . 13 2 

Pla sma insulin  leve l s  in indivi dual 
calve s in t he rirst sa mple art er 
glucose and VFA treatment s. 133 

Rela t ionship between insul in 
re sponsivene ss and ba sal GH 
leve l s .  133 

Expe ri ment a l  groups or ca lve s 
used in Experiment 3 .  13 8 

Experimenta l  proce dure ror e ach 
rive -da y treatment period in 
Expe riment 3 .  13 9 



Table XXVI I I  Average of medians and ranges �or 
individual calves of samples taken 

xviii 

on control dRy. 146 

Table XXIX a Plasma glucose levels: mean values 
for different sample times on days 
of three different treatments. 148 

Table XXIX b Plasma glucose levels: significance 
of di�ferences between groups of 
calves after arginine treatment. 
adjusted for pre-treatment means. 148 

Table XXX a Plasma insul in levels: mean values 
for different samfle times on days 
of three different treatments. 150 

Table XXXb Plasma insulin levels: significance 
of differences between groups of 
calves after arginine treatment, 
adjusted for pre-treatment means. 150 

Table XXXI Plasma GH levels: mean values 
for different sample t imes on days 
of three different treatments. 1 5 2  

Table XXXII a Plasma prolactin levels: mean 
values �or different sample times on 
days o� three d ifferent treatments. 154 

Table XXXII b Plasma prolactin levels: significance 
of differences between groups of 
calves after arginine treatment, 
adjusted for pre-treatments means. 1 54 

Table XXXI I I  Experimental procedure for each 
six-day sampling period. 166 

Table XXXIV Average of medians and ranges for 
individual calves of samples taken 
on control day. 168 

T able XXXV a Plasma glucose levels: mean values 
for different sample times on days 
of three different treatments. 170 

Table XXXV b Plasma glucose levels: significance 
of differences between groups of 
calves at particular times after 
treatment. 170 

Table XXXVI a Plasma insulin levels: mean values 
for different sample times on days 
of three different treatments. 172 



xix 

Table XXXVI b Pla sma insulin leve l s :  significa nce 
of differences between groups of 
calve s a t  par t i cular times a fter 
trea t me nt . 172 

Tab le XXXVI I a Pla s ma GH levels : mean va l ue s  for 
di fferent sa mple t i mes on days of 
three different treatment s .  174 

Ta ble XXXVII b PlAsma GH level s :  signifi cance of 
di ffer�ce be twe en groups of calve s 
at pa r t icular t i me s  after treatme nt . 174 

Ta ble XXXVI I Ia Pla sma prola ct in  leve ls :  me an va lue s 
for different samp le t i mes on days of 
three different treatment s .  176 

Table XXXVI I I b  Plasma pr olact i n  l evels : signifi cance 
of difference s  between groups of 
calve s a t  part i cular time s  after 
treatment . 176 

Table XXXI X Average of medians and range s for 
indivi dual lambs a nd ewe s ,  of 
insulin  and GH levels in pla sma 
samples taken before feeding or 
argini ne tre a t ment. 190 

Table XL Pla sma leve ls of insulin and GH 
before and aft er feeding i n  suckl ing 
lamb s  and lact a t i ng ewe s .  19 2 

Table XLI Pla sma level s  of insul in and GH 
before a nd a ft e r  arginine t reatme nt 
in suckling la mbs and lacta t i ng 
ewe s .  194 

Table XLII a Pla sma level s  of insul in a nd GH 
before and aft e r  feeding in  weaned 
lambs a nd n on-lactat ing ewe s .  196 

Table XLI I  b Significa nce-o f  t he differe nce 
betwee n  feeding e ffe ct s on suckling 
lamb s  versus weaned lambs , and on 
lact a t i ng ewe s  versus non-l acta t ing 
e we s .  196 

Tab le XLIII a Plasma leve l s  of insulin a nd GH 
before and after arginine trea tment 
in weane d lamb s  and non-lacta t i ng 
ewe s .  

Table XLI I I  b Signifi cance of the difference be tween 
between a rgi nine effect s on suckling 
lambs versu s wea ned lamb s ,  and on 
lact a t i ng ewe s  versu s non-la cta t ing 
ewe s.  

198 

198 



Table XLIV 

Table XLV 

Table XLVI 

Tab le XLVII 

Ta ble XLVII I 

Re sult s of insulin leve ls in twenty 
calf pla s ma sample s ,  as  ca lculated in 
three different ways,  using da ta from 
t wo di fferent pla sma dilut i ons ,  from 
two insulin assays de cribe d  on pages 

XX 

62 - 70. 207-208 

Average growth rate of e a ch calf f"or 
the dura tion o f  Expe riment 2. 209 
Average growth rate of ea ch calf" for 
t he dura t ion of Expe ri ment 3. 211 
Average growth rate of each calf f"or 
the duration of Expe riment 4 .  217 
Body we ight s of la mbs and ewe s  in 
Experi ment 5 .  217 




