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ABSTRACT
INFLUENCE OF BOVINE SOMATOTROPIN ADMINISTRATION TO HOLSTEIN
STEERS ON GROWTH, LIPID METABOLISM AND CARCASS
CHARACTERISTICS
By
Michael Lynn Schiegel

Two experiments were conducted to study the effectiveness of bovine
somatotropin (bST) to alter the growth, carcass characteristics and lipid metabolism
of Holstein steers. The first evaluated the effectiveness of long-term (354 d) bST
administration to growing-finishing Holstein steers at the beginning, end or during
the entire feeding period on lean, skeletal, and carcass measurements. One
hundred and sixty-eight Holstein steer calves (185 kg) were blocked into four body
weight (BW) groups and randomly allocated to initial harvest (8 steers) or four
treatments (10 steers/treatment) within a block. Treatments were control, no bST;
bST d 0 to 182; bST d 183 to harvest, and bST d O to harvest. Doses were 320 mg
bST/14-d injection from d O to 112 and 640 mg bST1/14-d injection from d 113 to
harvest. Two steers from each block were harvested on d 199 with the remaining
steers harvested when block BW averaged 615 kg. The last treatment was
administered 31 d before harvest. Administering bST to young, light-weight
Holstein steers increased skeletal growth and reduced carcass fat content
producing a leaner product. Somatotropin increased noncarcass components
without increasing carcass weight. Steers receiving bST during the entire study
showed the greatest effects with the majority of lipid reduction occurring during the

latter part of the study. Somatotropin increased protein accretion and therefore red




meat yield.

The second study evaluated the effect of bST administration to Holstein
steers on measures of lipogenesis and lipolysis during the latter half of the feeding
period when fat deposition was the greatest. Twenty-eight Holstein steers (460 kg)
were blocked by weight and randomly assigned to an initial harvest group (8
steers), or to 116 daily treatments of control (no bST, 10 steers) or bST (100 pg
bST/kg BW, 10 steers). Three perirectal adipose tissue (AT) biopsies were
collected from each steer (5 to 16 d before treatment and 40 to 49, and 103 to 112
d after treatment). Lipogenesis was measured in triplicate in vitro as tritium
incorporation into fatty acids, fatty acid synthase activity, and NADP-isocitrate
dehydrogenase activity. Lipolysis was measured in triplicate in vitro by glycerol
release from AT and in vivo by a seven-dose epinephrine challenge administered
intravenously beginning on d -24, 32 and 95. It was clear that somatotropin
improved the efficiency of carcass protein accretion and content, while drastically
reducing carcass lipid accretion and content. The decrease in lipid accretion was
a result of depressed lipogenesis through inhibiting lipogenic enzymes and
enhancing lipolysis in the adipocyte.

Bovine somatotropin was effective in reducing carcass fat and increasing
edible lean in both experiments. Administering bST to young, light-weight steers
increased skeletal growth and noncarcass weight, but did not increase the total
carcass weight and reduced the quality grade of the carcass. Somatotropin
decreased lipogenesis and increased lipolysis in AT of finishing-Holstein steers in

positive energy balance.




Dedicated to my parents,
Kay and G. Sidni Schilegel




ACKNOWLEDGMENTS

| would like to thank members of my committee, Dr. Romsos, Dr. Doumit, Dr.
Banks, and Dr. Emery for their support, ideas, and perspective to make the project
and the results meaningful. | owe a great deal of gratitude to Dr. Bergen and his
staff, Patty Weber, Sharon Debar, and Michelle Mater. They allowed the use of the
lab, equipment, time, and expertise in finishing this project. Without their help the
study could not have been completed. | would like to thank Dr. VanderHaar and Bal
Sharma for assistance in analyzing IGF-I concentrations and mRNA abundance.

I would like to thank Dr. Tucker and his staff, Larry Chapin, Dr. Paula
Gaynor, Dr. Christine Simmons-West for allowing the use of the lab, and assistance
with the somatotropin and insulin assays. | would like to thank the personnel of the
Meats Lab and the Beef Cattle Teaching and Research Center and their managers
Tom Forton and Ken Metz for their assistance and to Bob Burnnet for his lab
expertise. | would like to thank Dr. Yokoyama for the use of his lab and plate
reader.

Special thanks go to the many fellow graduate students for their assistance
in sample collection at the processing plant, blood collection and analysis. | must
thank Dr. Aubrey Schroeder and Lilly Research Labs for their contribution of the
somatotropin and technical support.

To the faculty and administration of Delaware Valley College, thank you for
your encouragement, support and patience. To Dr. Benson for her mpral support
and encouragement. To Dr. Steven Rest, my major professor, thank you for your

insight, assistance and encouragement. It has been 11 years since | started my




graduate programs at Michigan State, thank you for help and friendship. And finally
to my parents, family, and colleagues who were very supportive and asked “Is it

done yet?"

Vi



TABLE OF CONTENTS

LISTOF TABLES .. ... ... . . i iX
LISTOFFIGURES ......... ... . . i xiii
LISTOF ABBREVIATIONS . ... . ... . .. i XV
INTRODUCTION ... .. e 1
CHAPTER 1: LITERATUREREVIEW .. ... .. .. ... .. ... .. ... ... ...... 6
Regulation of endogenous somatotropin secretion .. ............... 6
Effect of somatotropin on plasma hormones and metabolites . .. ... ... 7
Effect of somatotropin on feedlot performance ................... 13
Effect of somatotropin on skeletal growth ...... ... .............. 18
Effect of somatotropinonthecarcass ....................... ... 20
Lipogenesis . ............. ... 30
Lipolysis . ... ... .. 36

CHAPTER 2: EFFECTS OF LONG-TERM BOVINE SOMATOTROPIN
ADMINISTRATION ON GROWTH, CARCASS CHARACTERISTICS, AND TISSUE

WEIGHTS IN GROWING-FINISHING HOLSTEIN STEERS ... ........... 43
Abstract . ... ... ... 43
Introduction . ......... ... ... 44
MaterialsandMethods .. ......... ... .. ... .. ... . ... ... ... 45
Results . ........... ... .. . . 56
DisSCUSSION . . ... .. . 78
Implications . ........... . ... . .. ... 87

CHAPTER 3: LONG-TERM BOVINE SOMATOTROPIN ADMINISTRATION TO
GROWING-FINISHING HOLSTEIN STEERS DECREASED LIPOGENESIS AND

INCREASED LIPOLYSIS . . ... e 90
Abstract ... ... . 90
Introduction . ......... . ... 91
Materialsand Methods . ................ . . ... ... .. 92
ReSUIts . . ... 105
DiSCUSSION . . . . . 115
Implications ............. .. . .. ... 133

CONCLUSION ... e, 135

vii




APPENDICES . . ... ... 139

APPENDIX A: Raw data and procedures from chapter 2 (Experiment
BCO002) ... .t 140

APPENDIX B: Raw data and procedures from chapter 3 (Experiment
BCO402) ... ... 205

SAS program to calculate area under the curve of epinephrine
challenge and to calculate a segmented curve to a plateau (R,,,,
TESPONSE) . ..ottt it e 241

APPENDIX C: Approval letters from the All-University Committee on
AnimalUseandCare ............... ... ... ... .. .. 244

LITERATURECITED ....... ... ... . . .. 247

viii




LIST OF TABLES

Table 1-1. Summary of recent studies on the effect of somatotropin on beef cattie
feedlotperformance. ............ ... ... .. 14

Table 1-2. Summary of recent studies on the effect of somatotropin on beef cattle
carcass characteristics. ............. ... .. ... . . ... . i i, 21

Table 2-1. Guaranteed analysis and ingredients of medicated-supplement starter
pellet ... ... e e e 46

Table 2-2. Guaranteed analysis and ingredients of pelleted supplement ... 48

Table 2-3. Effect of bovine somatotropin on body weight, average daily gain, daily
dry matter intake and feed efficiency ................. .. ... ... ... ..., 59

Table 2-4. Effect of bovine somatotropin on hip height and daily hip height gain
.............................................................. 61

Table 2-5. Effect of bovine somatotropin on intermediate-harvest metacarpal bone
characteristics . ......... ... . . ... 62

Table 2-6. Effect of bovine somatotropin on final-harvest metacarpal bone
characteristics ............ ... ... ... 63

Table 2-7. Effect of bovine somatotropin on intermediate-harvest carcass
characteristics . ............ ... . . e e 66

Table 2-8. Effect of bovine somatotropin on final-harvest's carcass characteristics
.............................................................. 67

Table 2-9. Effect of bovine somatotropin on intermediate-harvest semitendinosus
muscle and internal organweights . ................................ 70

Table 2-10. Effect of bovine somatotropin on final-harvest semitendinosus muscle
and internalorganweights . ......... ... ... ... ... . . ... . .. 71

Table 2-11. Effect of bovine somatotropin on intermediate-harvest carcass
composition and tissue accretionrates ................... ... ... ..., 73

Table 2-12. Effect of bovine somatotropin on final-harvest carcass composition and
tissue accretionrates ........ ... .. ... 75

Table 2-13. Effect of treatment on carcass premium, discounts and value. .. 88

iX



Table 3-1. Guaranteed analysis and ingredient content of the pelleted supplement

Table 3-2. Effect of bovine somatotropin treatment on feedlot performance . 110

Table 3-3. Effect of bovine somatotropin treatment on carcass characteristics .
............................................................. 111

Table 3-4. Effect of bovine somatotropin treatment on carcass composition and
accretionrates ............. . ... 113

Table 3-5. Effect of bovine somatotropin on tritium incorporation into fatty acids,
fatty acid synthase activity, and isocitrate dehydrogenase activity ........ 114

Table 3-6. Effect of somatotropin treatment on basal and epinephrine-stimulated
glycerolrelease .......... ... ... ... .. .. i 116

Table 3-7. Estimates of R, and ED,, of nonesterified fatty acids area epinephrine
dOSE-TESPONSE CUMNVES . . . .. ... ..ittttiinnneeninnnneeeeeennnnnn 118

Table A-1a. Initial harvest carcass characteristics for Experiment BC9002 . 141
Table A-1b. Initial harvest carcass composition for Experiment BC9002 ... 141

Table A-2. Record of removal of steers from Experiment BC9002 and disposal .

............................................................. 142
Table A-3. Steer weight for ExperimentBC9002 .. .................... 147
Table A-4a. Weekly pen dry matter intake for pens 1 to 4 for Experiment BC9002
............................................................. 168
Table A-4b. Weekly pen dry matter intake for pens 5 to 8 for Experiment BC9002
............................................................. 171
Table A-4c. Weekly pen dry matter intake for pens 9 to 12 for Experiment BC9002
............................................................. 174
Table A-4d. Weekly pen dry matter intake for pens 13 to 16 for Experiment BC9002
............................................................. 177
Table A-5. Carcass characteristics of steers from Experiment BC9002 .... 179

Table A-6. Ninth-tenth-eleventh rib composition from Experiment BC9002 . 183

Table A-7. Organ and muscle weights from Experiment BC9002 ...... ... 187

X




Table A-8. Steer hip height for ExperimentBC9002 ................... 191
Table A-9. Metacarpal bone characteristics for Experiment BC9002 . . .. .. 195

Table A-10. Serum IGF-| concentrations (ng/ml) following initial and subsequent
control or bST treatments, and following the last control or bST treatment for

Experiment BCO002 ............ .. ...t 202
Table A-11. Serum IGF-l concentrations following the final control or bST
treatment, and liver IGF-l mRNA abundance for Experiment BC9002 . . . . .. 203
Table A-12. Steer equations predicting carcass composition using the 9-10-11 rib
section (Hankinsand Howe, 1946) . . . ............. ... ... ... ... ..... 204
Table B-1. Time line of activities for ExperimentBC9402 . .............. 206
Table B-2. Steer weights for ExperimentBC9402 ... .................. 209
Table B-3. Daily dry matter intake of steers from Experiment BC9402 . . . .. 212
Table B-4. Carcass characteristics of steers from Experiment BC9402 . ... 213

Table B-5. Ninth-tenth-eleventh rib composition from Experiment BC9402 . 215

Table B-6. Plasma glucose concentrations (mmol/ml) of steers for Experiment
BCO402 . . ... e e e e 216

Table B-7. Plasma glycerol concentrations (umol/ml) of steers for Experiment
BCO402 . . ... e 217

Table B-8. Plasma nonesterified fatty acid concentrations (mEq/L) of steers for
Experiment BCO402 . ......... ... .. it 218

Table B-9. Plasma insulin concentrations (ng/ml) of steers for Experiment BC9402
............................................................. 219

Table B-10. Plasma IGF-l concentrations (ng/ml) of steers for Experiment BC9402
............................................................. 220

Table B-11. Plasma bovine somatotropin concentrations (ng/ml) for steers from day
94 of Experiment BCO402 . . . ....... ... ... .. .. 221

Xi



Table B-12. Tritium incorporation into fatty acids, fatty acid synthase activity,
NADP-isocitrate dehydrogenase activity, and enzyme assay soluble protein content
for fat biopsies from ExperimentBC9402 . ... ........................ 223

Table B-13. Basal and epinephrine-stimulated glycerol release (nmol glycerol
released-2h'+100 mg tissue™) for fat biopsies from Experiment BC9402 ... 224

Table B-14. Nonesterified fatty acid response (MEg/L) to seven epinephrine doses

(ng/kg BW) during three different weeks for Experiment BC9402 ......... 225

Table B-15. Plasma glycerol response (umol/L) to a 1.6 pug epinephrine /kg BW

dose during the 15th week of treatment for Experiment BC9402 .. ........ 240
xii




LIST OF FIGURES

Figure 2-1. Lateral and medial measurements of sectioned metacarpals, and total
cross sectional area (TCA), marrow cavity area (MCA) and bone area .. ... 52

Figure 2-2. Effect of treatment, control (o) or bST (m) on serum IGF-I
concentrations after initial treatment on d 0 and subsequent treatments as indicated
by arrows. **Means with unlike letters differ (P<.01). .................. 57

Figure 2-3. Effect of treatment, C-C (o), C-bST (e), bST-C (O), or bST-bST (m), on
serum IGF-I concentrations after final treatment 31 d prior to harvest as indicated
by the arrow. **Means with unlike letters differ (P<.05). ................ 57

Figure 2-4. Top panel -Effect of treatment on liver IGF-| mMRNA abundance from
Block 1 final harvest steers. Bottom panel - Serum IGF-l concentrations 7 to 28 d
following the last treatment in C-C (o), C-bST (o), bST-C (O), or bST-bST (m)
Block 1 steers. **“Means with unlike superscripts differ (P<.05) ......... 77

Figure 3-1. Schedule of epinephrine challenges and adipose tissue biopsies 94

Figure 3-2 -Plasma bovine somatotropin concentrations over an 11.5-h period in
Holstein steers treated with either a daily injection of sodium phosphate (O) or
bovine somatotropin (). *bST steers differ from control steers (P <.05).... 106

Figure 3-3. Plasma IGF-1 concentrations versus days of treatment in Holstein
steers treated with either a daily injection of sodium phosphate (O) or bovine
somatotropin (H). *bST steers differ from control steers (P < .05). **bST steers
differ from control steers (P<.001) ............ ... ... i, 106

Figure 3-4. Plasma NEFA concentrations versus days of treatment in Holstein
steers treated with either a daily injection of sodium phosphate (O) or bovine
somatotropin (W). **bST steers differ from control steers (P <.01). **bST steers
differ fromcontrol steers (P<.001) .......... ... ... ... 107

Figure 3-5. Plasma glycerol concentrations versus days of treatment in Holstein
steers treated with either a daily injection of sodium phosphate (O) or bovine
somatotropin (H). **bST steers differ from control steers (P < .01). **bST steers
differ from control steers (P<.001). . ....... ... ... ... ... ... ..., 107

Figure 3-6. Plasma glucose concentrations versus days of treatment in Holstein
steers treated with either a daily injection of sodium phosphate (O) or bovine
somatotropin (M). *bST steers differ from control steers (P < .05). **bST steers
differ from control steers (P<.01) ........ ... .. ... ... ... ..., 109

xiii




Figure 3-7. Plasma insulin concentrations versus days of treatment in Holstein
steers treated with either a daily injection of sodium phosphate (O) or bovine
somatotropin (H). *bST steers differ from control steers (P < .05). **bST steers
differ from control steers (P < .01). ***bST steers differ from control steers (P <
001) L e e e 109

Figure 3-8. Response in plasma concentrations of NEFA to varying doses of
epinephrine during 3 weeks prior to treatment (panel a) and after 6 (panel b) and
15 weeks (panel c) of control (O) and bST (W) treatment. Analyses of individual
animalcurvesareinTable 3-7 . .......... ... ... .. .. .. ... . ... 117

Figure 3-9. Response in plasma glycerol concentrations to a 1.6 pug/kg BW
epinephrine infusion during the 15th week of treatment with either control (O) or
bST (m). Area under the response curve (0 to 20 min. after infusion) was
calculated using data points -30 to 0 and 120 to 130 min. relative to infusion as the
base line. Control area under the curve = 604 + 100 uM*min and bST area under
thecurve =648+ 94 uMemin . ......... ... ... ... . ... ... 119

Xiv




LIST OF ABBREVIATIONS

ACC .. e acetyl CoA carboxylase
ACS . e acetyl CoA synthase
ADG ... . average daily gain
AT e e adipose tissue
AUF e Animal Use Form
BW . e e body weight
BAR ... e beta-adrenergic receptor
BST .. e bovine somatotropin
BRSV ... ... Bovine Respiratory Syncytial Virus
BVD ... e Bovine Viral Diarrhea
C o e control
i e degree Celsius
B it e e e cubic centimeters
cDNA ... chromosomal deoxyribonucleic acid
L 1 T centimeter
o A square centimeters
COA Coenzyme A
CP crude protein
CPM . counts per minute
L« day(s)
DES ... . diethyl stilbestrol
DM dry matter
DMl e daily dry matter intake
DP . e dressing percent
DPM ... disintegrations per minute
E efficiency of detection
EDsp - oo one half of maximum response
EDTA ... . ethylenediaminetetraacetic acid
EEL ... ... e ether-extractable lipid
FA e e e fatty acids
FAS e fatty acid synthase
o gram
Gl o e e inhibitory G protein
L stimulatory G protein
GDP .. e guanosine diphosphate
GLM .. e general linear models
GHRF ........ ... . growth hormone releasing factor
GDP ... guanosine diphosphate
GTP . e guanosine triphosphate
A hour
2 tritium
HCW hot carcass weight



HSL ... hormone-sensitive lipase

IBR ... Infectious Bovine Rhinotracheitis
ICD ... NADP - isocitrate dehydrogenase
IGF-l .. insulin-like growth factor- |
ML e e intramuscular(ly)
INAD ... ... Investigational New Animal Drug
U e e e International Units
o kilogram
KM e e e e kilometer
KPH ... . kidney-pelvic-heart fat
KRBB .......... ... i Krebs-Ringer-bicarbonate buffer
Lo e e liter
|« pound(s)
1.1 meter
1 square meters
Mo e e molar
MCA .. ... marrow cavity area of metacarpal bone
HCI e microcurie
ME ... .. metabolizable energy
MEQ ... milliequivalent
U« microgram
117 milligram
111 o minute
MU millijoules
Ml microliter
Ml milliliter
HM . e micromolar
14 1 1 millimeter
MM millimolar
MRNA .. messenger ribonucleic acid
NADPH ........................... nicotinamide dinucleotide-phosphate
NEFA ... . e nonesterified fatty acid
NCW e non-carcass weight
D e e e nanogram
3T 1 nanometer
OST L ovine somatotropin
P e probability
o picogram
PH ... the negative logarithm of the hydrogen ion activity
Ply e Parainfluenza 3-Virus
PIA . Né-phenylisoproyladenosine
PI-PLC ... ... .. phosphotidylinositol phospholipase C
PM e e Psoas major
PST e porcine somatotropin
ST ... recombinant bovine somatotropin
REA e e e ribeye area



RFE .o Rectus femoris

RIA e radioimmunoassay
Ripax  + - vcee e e maximum response
RNA e ribonucleic acid
-2 second
A e specific activity
8. it e e subcutaneous(ly)
SE .. e standard error
SED ... .. standard error of the difference
SEM ... e standard error of the means
SRIF ............... somatostatin (somatotropin releasing inhibitory factor)
S e Supraspinatus
ST o somatotropin (a.k.a. growth hormone)
STMUS .. e Semitendinosus muscle
O time
TB . e e e Triceps brachii
TBA e e trenbolone acetate
TCA ... total cross-sectional area of metacarpal bone
1 P weight

xvii



INTRODUCTION

After nearly 25 years (1974 to 1995) of selecting for lean, growth-type cattle,
carcass characteristics have changed (NCBA, 1995). Carcass weight (HCW) and
ribeye area (REA) have increased 10 and 8.5%, respectively, with backfat and
kidney-pelvic heart (KPH) fat decreasing 24 and 30%, respectively (NCBA, 1995).
With these changes, yield grades have improved but marbling score and the
number of carcasses grading USDA choice or higher have decreased. It has been
estimated that it costs the beef industry $2.4 billion per year to put excess fat on
cattle and another $2 billion per year for the retail food industry to trim the excess
fat from beef (H.D. Ritchie, personal communication). Carcass backfat has
decreased from 1.6 cm (.62 in) to 1.2 cm (.47 in; NCBA, 1995). To meet consumer
preference most packers and retailers trim carcasses to a fat trim of .64 cm (.25 in)
or less (H.D. Ritchie, personal communication). Therefore, there is a need for
leaner carcasses.

Second generation growth promotants (e.g.. zeranol, and estradiol) have
been shown to increase (P < .05) ADG (9.8%), HCW (7.5%), and REA (6.8%) over
non-implanted Holstein steers (Apple et al., 1991). Trenbolone acetate (TBA), a
synthetic androgen with 50 times the potency of testosterone (Preston, 1987), does
not increase ADG to the same extent as the estrogenic-growth promotants. The
benefit of TBA is in combination with the estrogenic implants and increases (P <
.05) the ADG of Holstein steers up to 14.8%, HCW by 9.6% and REA by 16.5%
over non-implanted steers (Apple et al., 1991).

Reducing the waste fat of beef carcasses is a major industry goal.

1



Estrogenic implants or the combination of estrogen and TBA have increased growth
of Holstein steers, but the study by Apple et al. (1991) demonstrated no significant
effect on carcass fat thickness, KPH fat, or marbling score (Apple et al., 1991).
Although in crossbred beef steers which received an estradiol benzoate-
progesterone implant, KPH fat, marbling score and the number of steers grading
choice or higher decreased compared to non-implanted control steers (Preston et
al., 1995).

Recently, interest in another growth promotant, somatotropin (ST), to alter
growth and carcass composition has increased. The primary goal has been to
increase circulating serum levels of ST to increase milk production, increase muscle
mass or increase the protein:fat ratio of the final product (Etherton and Kensinger,
1984; Etherton and Smith, 1991). When exogenous ST was administered to pigs,
ADG increased 10 to 20%, feed efficiency improved 15 to 30%, lipid accretion
decreased 20 to 80% with a 20 to 50% increase in protein deposition (Etherton and
Smith, 1991). Responses varied in cattle administered ST.

In cattle, ADG may increase 6 to 24% (McBride and Moseley, 1991). The
most pronounced effect of ST treatment is the decrease in carcass fat (McBride and
Moseley, 1991). Moseley et al. (1992) showed a linear decrease in carcass fat of
steers given increasing levels of ST administration (0, 33, 100 300 ug/kg BW per
day). The most dramatic decease in carcass fat (55% less than control steers) was
from steers treated daily with 300 ug ST/kg BW. Early et al. (1990a) did not
observe a decrease in backfat thickness but the lean to fat ratio was increased .

Even though bST increases growth and decreases carcass fat in cattle, Early



et al. (1990a) found that bST had no effect on HCW, but observed an increase (P
< .05) in non-carcass weight and lower (P < .05) dressing percent (DP) as
compared to control steers. The bST steers had 19.9% greater (P < .10) digesta
weight. Furthermore, 75% of the non-carcass weight was due to greater gut fill
which accounted for 64% of the greater live weight. Early et al. (1990a)
hypothesized that by giving younger cattle ST over a longer period might increase
not only non-carcass tissue, but the more economically important, carcass tissue.

A review article by Etherton et al. (1993), proposed that the decrease in
adipose tissue growth from pST-treated pigs was the result of a decrease in
lipogenesis rather than an increase in lipolysis. The review further stated that
"metabolic effects of ST in adipose tissue of cattle and pigs are a function of energy
balance . . . (and when) . . . animals are in'positive energy balance, ST decreases
lipid synthesis whereas the effects of lipolysis are modest at best."

Both Mikel et al. (1993) and Dunshea et al. (1992a) demonstrated increased
non-esterified fatty acid (NEFA) concentrations in plasma of growing pigs
administered ST. Evidence exists that plasma NEFA concentrations are elevated
in ST treated animals, thus indicating an increase in lipolytic capacity (Eisemann
et al., 1986). In a 266 d study, beef heifers treated with ST had plasma NEFA
concentrations 26 to 46% greater than control heifers (Schwarz et al., 1993). A
greater increase in lipolytic capacity of adipose tissue of bST-treated steers was
shown by Boisclair et al. (1989) and Peters (1986), who demonstrated a 43 and
86% increase in NEFA response to an epinephrine challenge following 15 and 28

d of ST treatment, respectively. Few studies have been completed investigating



the effect of long-term bST administration on lipolysis in finishing steers.

With the increased use of biotechnology, researchers are able to elucidate
and define the mechanisms of cell action. With an understanding of the basic
mechanisms of cellular lipid metabolism, new methods of modulating this system
can be evaluated. Somatotropin modulates lipid metabolism by decreasing carcass
fat and lipid accretion. Evidence suggests that ST uncouples insulin from its
secondary messengers (Roupas, et al., 1991), producing insulin resistance (Walton
et al., 1987), therefore, reducing lipogenesis and enhancing lipolysis.

The first series of objectives were to test a hypothesis by Early et al. (1990a),
that administering ST to younger animals for a longer period might increase growth
of carcass as well as noncarcass tissue. The second set of objectives were to
further elucidate the role of ST in modulating lipid metabolism of the growing-
finishing Holstein steer.

Therefore, the objectives of this dissertation were:

1) To evaluate the effectiveness of long-term ST administration
to growing-finishing Holstein steers at the beginning, end or
during the entire feeding period on:

a) feedlot performance

b) skeletal growth

c) lean and adipose tissue accretion and body
composition

d) carcass trait characteristics
e) internal organ growth
f) serum IGF-1 concentration

g) and, liver IGF-1 mRNA abundance

4



2) To determine the effect of long-term ST administration to
finishing Holstein steers on:

a) lipogenesis as measured by in vitro tritium incorporation
into fatty acids, fatty acid synthase activity and
isocitrate dehydrogenase activity

b) lipolysis as measured by in vitro basal and epinephrine
stimulated glycerol release into the media, and by in
vivo NEFA and glycerol dose response to epinephrine
challenges

c) and, changes in lipogenesis and lipolysis during the
finishing period

Chapter one will review the current literature regarding the use of bovine
somatotropin to improve growth, reduce carcass lipid content and modulate lipid
metabolism. Chapter two will outline the methodology, results and discussion of the
experiment which addresses objective one. Objective two will be discussed in
chapter 3, and both experiments will be reviewed in the conclusion. Raw data,
detailed methodology, and animal use approval letters are contained in the

appendices.



Chapter 1
LITERATURE REVIEW

Regulation of endogenous somatotropin secretion

Somatotropin (ST) is a single polypeptide chain of 191 amino acids
(Kopchick and Cioffi, 1991) stored and secreted by acidophile cells of the anterior
pituitary gland (Bennet and Whitehead, 1983). Regulation of ST is under both
positive and negative control as well as feedback inhibition. The hypothalamus
produces a ST releasing factor (growth hormone releasing factor, GHRF) and an
inhibitor of ST release (somatostatin, SRIF). Growth hormone releasing factor and
SRIF are neurally regulated by serotonin, dopamine and catecholamines. The
hypothalamus is under negative feedback control by ST and other factors of this
system. Plouzek and Trenkle (1991a) determined that overall plasma ST
decreases with age (5 - 15 months) in beef cattle. This was due to a decrease in
ST baseline, amplitude of secretory periods, the number of ST spikes, and the
amplitude of ST spikes. They further determined that the reason ST decreases with
age may be due to decreased responsiveness to GHRF. Additionally, Plouzek and
Trenkle (1991a) found that bulls have greater overall plasma ST concentrations,
greater baseline concentrations, greater amplitude of secretory periods, and greater
amplitude of ST spikes than steers. The number of secretory periods and spikes
in a 12-h period were similar between bulls and steers (Plouzek and Trenkle,
1991a). This may explain, in part, why bulls gain faster and are leaner than steers.
Unlike humans, plasma ST concentrations do not increase during puberty in bulls,

but decreases from birth to maturity (Plouzek and Trenkle, 1991a; McAndrews et



al., 1993).

Somatotropin acts directly through binding receptors on precursor bone,
muscle, and adipose cells causing their proliferation, or indirectly by binding
hepatocytes causing production and release of insulin-like growth factor-1 (IGF-I)
which acts on peripheral tissue to stimulate growth (Kopchick and Cioffi, 1991)

Although ST plays a major role in partitioning nutrients for support of
physiological and developmental processes (Bauman et al., 1982), many functions
are indirect and are medicated by IGF-I (Campion and Novakofski, 1990). Even
though Plouzek and Trenkle (1991a) demonstrated a decrease in plasma ST
concentration with age in beef cattle, plasma IGF-I concentrations increased more
than three-fold in bulls and steers from 5 to 12 mo of age (Plouzek and Trenkle,
1991b). Additionally, bulls had greater plasma IGF-I concentrations than steers
after 5 mo of age. Plouzek and Trenkle (1991b) suggest that IGF-l in cattle
appears to be controlled by many regulator hormones including ST along with the

sex hormones, insulin and thyroid hormones.

Effect of exogenous somatotropin on plasma hormones and metabolites.
Somatotropin. Boisclair et al. (1994) demonstrated that within 1 h after
exogenous bovine ST (bST) administration (29.2 IU bST/d), plasma bST increased
to its peak above the control and then decreased in the remaining 12 h. Eisemann
et al. (1986a) and Enright et al. (1990) saw plasma bST increase to its peak within
2 h after exogenous administration with 40 ug bST/kg BW and 120 ug bST/kg BW,

respectively.



Although, mean and baseline plasma bST concentrations increased with bST
administration, Enright et al. (1990) determined that the number and amplitude of
endogenous bST pulses decreased. Roeder et al. (1994) observed over a two-
fold increase in serum bST baseline with administering 160 mg bST/wk, and
observed a decrease in peak amplitude and a trend towards a decrease in the
frequency of bST spikes. The decrease in frequency of bST spikes and amplitudes
observed by Roeder et al. (1994) were not evident in steers receiving bST in a
study by Moseley et al. (1982). Moseley et al. (1982) did observe an increase in
baseline serum bST concentration and an increase in the number of bST spikes,
but amplitude of the spikes was not changed. One reason for the discrepancy
maybe in the mode of administration. Moseley et al. (1982) evaluated three
patterns of administration; infusion, pulse (six pulses per day), or a combination.
When all bST patterns were compared to the control, the number of spikes were
increased (7.5 vs. 11.2 for the control and bST treatment, respectively), but only the
pulse method increased the number of spikes per day as compared with infusion
(13.3 vs. 9.8 spikes per 24 h, respectively) and the combination was intermediate
(10.4 spikes per 24 h).

Preston et al. (1995) demonstrated a quadratic response in serum bST
concentration with exogenous bST administration of 0, 80, and 160 mg bST/wk. But
bST concentrations were lower for steers receiving bST than control steers. This
could be explained by differences in the procedures utilized. Blood samples were
collected prior to the weekly bST implant, therefore, blood was collected when the

implant was depleted and combined with the fact that exogenous bST reduces



endogenous secretions, could explain why bST-treated animals had reduced serum
bST concentrations.

Insulin-like growth factor-I. Previous research (Enright et al., 1990; Dalke et
al., 1992; Moseley et al., 1992; Boisclair et al., 1994; Roeder et al., 1994; Preston
et al., 1995) has demonstrated that bST administration increased blood IGF-I
concentrations 13 to 150% in cattle. In growing lambs, plasma IGF-I concentration
increased after one week of treatment and increased three-fold after ten weeks of
ST administration (Pell et al., 1990). Both Dalke et al. (1992) and Moseley et al.
(1992) observed linear increases in serum IGF-i concentration with increasing
doses of bST (0 to 160 mg bST/wk and 0 to 300 ug bST/kg BW, respectively).

The increase in serum IGF-l concentrations occurs rapidly after bST
administration. Roeder et al. (1994) observed a 7.8% increase in serum IGF-|
concentration 8 h after a 160 mg/wk dose was administered to steers and the IGF-I
concentration continued to increase to 35.8% over controls at 32 h post-
administration, with the elevated concentrations maintained for 88 h after the initial
implantation of bST.

The liver is the main source of IGF-I in the blood (Pell, 1997). Grant et al.
(1991), Coleman et al. (1994) and Ramsay et al. (1995) demonstrated a 100 to
300% increase in liver IGF- mMRNA with ST administration to pigs. Mathews et al.
(1986) demonstrated an increase in liver mRNA within 2.5 h after mice were
injected intraperitoneally with human ST. The increase in IGF-l mMRNA abundance
is transient. In both the liver (Mathews et al., 1986) and gastrocnemius muscle

(Isgaard et al., 1989), IGF-l mMRNA abundance decreased after reaching its peak



within 12 h after a single ST injection in mice. Ramsay et al. (1995) demonstrated
in pST-treated pigs, that IGF- mMRNA quantity increased 4 h after a single injection
of pST, remained elevated for 12 h and began to decrease by 20 h after treatment.
Grant et al. (1991) showed a 270 to 300% increase in liver IGF-l mRNA in pigs 24
h following the last pST injection of a 24-d treatment period.

Insulin. Somatotropin induced increase in plasma insulin has been observed
in cattle (60 and 114%; Eisemann et al., 1986a; Boisclair et al., 1994, respectively),
sheep (81 and 150%; Johnsson et al., 1985; Pell et al., 1990; respectively), and
pigs (502 and 514%; Dunshea et al., 1992a; Hansen et al., 1997b; respectively).

Schwarz et al. (1993) demonstrated a ST-dose-dependent increase in plasma
insulin concentration of 15 to 84% and 37 to 118% in heifers with doses of 62 and
126 ug ST/kg BW, respectively. The drastic increase observed in pigs, described
above, occurred 7 (Dunshea et al., 1992a) and 28 d (Hansen et al., 1997b)
following the start of pST treatment. There is evidence that ST decreased insulin
sensitivity. Hart et al. (1984) observed a reduction in the insulin-induced decrease
of plasma glucose during an insulin tolerance test and Roupas et al. (1991)
suggested that insulin uncouples from its second messengers.

Nonesterified fatty acids and glycerol. Eisemann et al. (1986a) observed a
chronic elevation in plasma nonesterified fatty acids (NEFA) in growing beef heifers
with bST administration, but Enright et al. (1990) and Peters (1986) observed no
increase in plasma NEFA of growing steers. Pell et al. (1986) demonstrated plasma
NEFA levels were unaffected by ST administration to growing lambs. Dunshea et

al. (1992a) demonstrated an increase in plasma NEFA of barrows within 7 h of the
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first pST injection and the response increased on the second and seventh day of
treatment.

It has been suggested by Boisclair et al. (1997) that the increase in plasma
NEFA concentration with bST treatment of animals in positive energy balance is a
result of mild disturbances or stress during blood collection. This was suggested
because bST causes an increase in B-adrenergic receptor (BAR) number in rat
adipocyte membranes (Watt et al., 1990), therefore, these animals respond to
catecholamines to a greater extent than non-treated animals. Houseknecht et al.
(1995) determined that bST increased the maximum binding of a BAR agonist to the
BAR without a change in the binding affinity. Boisclair et al. (1997) cautions that
proper protocol is required to prevent inadvertent responses which may suggest
lipolytic activity. Eisemann et al. (1986a) demonstrated both an increase in
irreversible loss and oxidation of NEFA with bST treatment in heifers. Their data
further suggested that NEFA are used as an energy source and perhaps this spares
oxidation of other metabolites (e.g. amino acids) during bST treatment.

Plasma glycerol concentrations were increased 31% in sheep (Doris et al.,
1996) and 79% in barrows (Dunshea et al., 1992a) after receiving ST. This may
be the result of triacylglycerol breakdown as suggested by Pell et al. (1990).
Sechen et al. (1990) stated that because adipose tissue has very low glycerol
kinase activity, alteration in plasma glycerol concentration relates to lipolysis
whereas changes in NEFA concentration reflects mobilization (i.e., the difference
between lipolysis and NEFA re-esterification). A consistent increase in blood NEFA

and glycerol concentrations has been shown to occur in animals that are in
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negative energy balance. Plasma NEFA and glycerol concentrations increased
743% and 46%, respectively, in steers under a prolonged fast (Rule et al., 1985).
Sechen et al. (1990) saw a 372% increase in plasma NEFA and 119% increase in
plasma glycerol concentration in bST-treated lactating dairy cattle. Additionally,
Peters et al. (1986) observed a 63% increase in basal-plasma NEFA with feed
restriction.

Glucose. Plasma glucose was increased 5 and 11%, respectively, in bST-
treated growing cattle (Boisclair et al., 1994) and in ST-treated lambs (Pell et al.,
1990). Dunshea et al. (1992a) observed an increase in plasma glucose within 2 h
after an initial injection of porcine ST (pST) to barrows. Early et al. (1990a) and
Enright et al. (1990) in steers and Sechen et al. (1990) in lactating dairy cattle, did
not observe an increase in plasma glucose with ST administration. Pell et al.
(1990) stated that the increase in plasma glucose could be due to an increase rate
of gluconeogenesis, or a decrease in peripheral glucose utilization. Boisclair et al.
(1994) demonstrated a decrease in hindlimb glucose uptake in growing steers
administered bST. Additionally, Hart et al. (1984) demonstrated that bST had
diabetogenic activity and reduced insulin’s depression of plasma glucose during an
insulin tolerance test and suggested that bST decreased glucose uptake by body
tissues as seen by Dunshea et al. (1992c) in pST-treated pigs. Pell et al. (1990)
suggests they have unpublished data which demonstrates an increase in
gluconeogenic potential by hepatocytes isolated from ST-treated lambs and
therefore, glucose production may be increased, but would require an adequate

supply of gluconeogenic precursors, glycerol being one.
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Effect of somatotropin on feedlot performance

Growth. Additional evidence since the study by Evans and Simpson (1931)
has shown a growth response in rats due to chronic ST administration.
Administering ST to farm animals is of interest because as animals grow older, the
proportion of fat in weight gain increases and there is a need to produce meat with
less fat (Etherton and Smith, 1991). When administered exogenously, ST
increased ADG 10 to 20% in pigs (Etherton and Smith, 1991) and 19 to 24% in
sheep (Wise et al., 1988; and Beermann et al., 1990a, respectively). Excellent
tabular summaries of the effect of ST on beef cattle feediot performance can be
found in McBride and Moseley (1991) and Moseley et al. (1992) which summarize
data from heifers, steers, and bulls from 1959 to 1990. The following review will
primarily focus on the effects ST has on steers. A summary of recent research on
the affects of ST on beef cattle feedlot performance is presented in Table 1-1. The
range in growth (ADG, kg) response to ST as compared to controls varies from -6.3
to +26%. Three studies have looked at ST dose response on feedlot performance
(Dalke et al., 1992; Moseley et al, 1992; and Preston et al., 1995). Moseley et al.
(1992) demonstrated ST increased ADG in crossbred steers up to a daily dose of
33 ug ST/kg BW, and decreased ADG with doses of 66 to 300 pg ST/kg BW with
the 300 ug dose having the greatest reduction in gain. Observations by Dalke et
al. (1992) and Preston et al. (1995) showed similar results in bST-treated cattle.
In sheep, ovine ST (0ST) increase lamb weight gain 19 to 24% (Beermann et al.,

1990b; Wise et al., 1988), although early work by Muir et al. (1983) did not show
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Table 1-1. Summary of recent studies on the effect of somatotropin on beef
cattle feedlot performance

Reference

Initial ADG, Feed

(animals used) wt., kg dose, of kg * efficiency,

pug/kg  treatment, g/kg®
BW d

Dalke et al., 378 0 28 1.70 105°¢ 161°¢

1992°

(steers) ‘.1 0 1 2 28 ‘1 2 ‘5.7 +4.9
0 24 28 +1.1 40 +6.0
0 49 28 +53 7.0 +13.8

Moseley etal., 392 0 131 1.14 6.9° 1659

1992, Exp. 1

(steers) 0 33 121 +7.91 5.8 +1371
0 100 131 70" 13,07 +7.3
+017 300 1511 -37.71 17.47 26217

Moseleyetal., 417 0 132 1.10¢ 8.7°¢ 1264

1992, Exp. 2

(steers) -.01 8.25 133 -.01 69" +5.9
0 16.5 121 +9.0 34 +14.41
0 33 121 +108" 571 +17.87
0 66 135 -36 1261 +10.71

Prestonetal., 379 0 84/119' 1.44°¢ 8.1¢ 177¢

1995 °

(steers) -.01 25 84/119 +35 37 +6.8
0 51 84/119 +4.9 49 +10.2

Rathmacheret 357 0 140 1.44 8.26 171

al., 19969

(steers) +1.4 496 140 -6 +27 29

Rumsey et al., 182 0 56 1.37 5.40 249

1996

(steers) +01 100 56 +24.4" +2.31 +232"

Schwarzetal., 286 0 257 91 7.40 122.8"

1993 R

(heifers) 0 62 239 +8.5 -3.9 +12.9
+73 124 232 1061 +5 +10.0
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Table 1-1. (cont'd)

*Control values are given in actual units, bST doses are percent
change from controls; a difference does not indicate a statistical significance.

®*bST dose was given as 40, 80, and 160 mg/wk.

°Significant linear response (P < .10) with increasing bST dose.

dSignificant quadratic response (P < .10) with increasing bST dose.

°A 2 x 3 factorial experiment was conducted; with or without an estradiol
benzoate progesterone-trenbolone acetate and bST doses of 0, 80, 160
mg/wk.

'Duration of treatment was determined by initial body-weight block.

9A 2 x 2 factorial experiment was conducted; with or without 120 mg
trenbolone acetate and 24 mg estradiol-173 and with or without 160 mg
bST/wk.

"Energy consumption, MJ of ME/kg of gain was decreased (P < .05)
11.7% with treatment of 62 ug ST/kg BW .

Different from control (P < .20).

Different from control (P < .10).

**Different from control (P < .01).
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an improvement in ADG of oST-treated lambs.

Dry matter intake. In the reviews by McBride and Moseley (1991) and
Moseley et al. (1992), the effect of ST on dry matter intake (DMI) varies greatly.
Swine treated with ST show a marked depression in DMI (Bonneau, 1991). Based
on the review by McBride and Moseley (1991) and Table 1-1, when ST is given to
cattle with initial weights less than 260 kg, DMI is increased and when BW is over
260 kg, DMI is decreased. There are exceptions, for example, Fabry et al. (1987)
and Rathmacher et al. (1996) demonstrated a 1.5% and 2.7% increase in DMI in
439 kg heifers and 357 kg steers, respectively. Schwarz et al, (1993) did not
observe an effect on DMI of heifers administered ST with a beginning weight of 286
kg. Groenewegen et al. (1990) observed a 24% increase in DMI of ST-treated buill
calves and also noted an increase in digestive tract volume. The reticulo-rumen,
small intestine and large intestine weights were 24, 28 and 19% greater,
respectively, in ST-treated bull calves (45 kg BW, Groenewegen et al., 1990). This
is also supported by Early et al. (1990b) who observed a 2% increase in DMI with
ST treatment in steers (231 kg BW) and an increase in gut fill.

In the three dose response studies summarized in Table 1-1, DMI decreased
linearly with increasing daily doses of bST from 3.4 to 17.4%. Cattle in those
studies weighed greater than 370 kg. One plausible reason for the discrepancy in
ruminants is suggested by the quote from McBride and Moseley (1991).

“A hypothesis to explain this depression in DMI, might be that the abundance

of nutrients from mobilized fat stores cannot be utilized by growing tissues

at a rate fast enough to reduce circulating nutrient concentrations, therefore
that animal responds by reducing DMI and bringing body to homeorhesis.

On the other hand, in young growing cattle and sheep treated with
somatotropin, it would be expected that the protein and energy requirement
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cannot be met by mobilization of energy reserves, therefore DMI may be

increased to help support the stimulated metabolic response to

somatotropin.”

Feed Efficiency (gainffeed). In cattle and sheep, the most consistent ST
response is improved feed efficiency (McBride and Moseley, 1991). Studies by
Enright et al. (1990) demonstrated a 4% increase in feed efficiency over controls,
although in the same study steers receiving an estradiol implant exhibited a 8%
increase in feed efficiency. Moseley et al. (1992) reported an improvement in feed
efficiency of 14 and 7.3% when daily treatments of 33 and 100 ug bST/kg BW were
administered to steers, respectively. When the daily bST dosage was increased
to 300 ug bST/kg BW, feed efficiency was reduced 26.2% as compared to control
steers (Table 1-1). The other two dose response studies, Dalke et al. (1992) and
Preston et al. (1996) demonstrated similar results. The effect of ST treatment on
feed efficiency in sheep is consistent with that of cattle. Feed efficiency was shown
to increase 8 to 24% in oST-treated lambs (Muir et al., 1983; Wise et al., 1988;
Beermann et al., 1990b).

The above findings are supported by studies by Early et al. (1990a) in which
ST-treated steers exhibited a 12.2% increase in the efficiency of metabolizable
energy (ME) intake used for gain as compared to control steers. Early et al.
(1990a) showed that 75% of the noncarcass weight (NCW) of bST-treated steers
was due to greater gut fill, while rumen and intestine weights were numerically 4.8%
greater, than control steers. From this data, one can infer that bST-treated animals
may have a greater capacity to digest and absorb nutrients. This concept is

supported by a study by Moseley et al. (1982) which showed a 5% increase in dry
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matter digestibility and a 7% increase in nitrogen digestibility in bST-treated steers.
These findings are corroborated by Lapierre et al. (1992) which demonstrated a 2%
increase in dry matter (DM), energy , nitrogen, and organic matter digestibility with
GHRF administration. Wray-Cohen et al. (1991) found a 3 to 4% increase in
apparent nitrogen digestibility in pST-treated pigs. These researchers (Wray-
Cohen et al., 1991) hypothesized that the increase was due to decreased feed
intake. In other studies DM digestibility of bST-treated steers (Eisemann et al.,
1986b) and N digestibility of ST-treated lambs (Pell et al., 1990) were similar to

control animals.

Effect of somatotropin on skeletal growth

Somatotropin is considered to be the main regulator of long-bone growth
(Scheven and Hamilton, 1991) and has direct effects on cartilage and indirect
effects on cartilage through IGF-I (Slootweg, 1993). Both ST and IGF-I increased
fetal and neonatal longitudinal metatarsal bone growth in vitro, with the response
arrested with the addition of IGF-I monoclonal antibody (Scheven and Hamilton,
1991). Because anti-IGF-I antibody decreased bone growth, this suggests that ST
may work through locally produced IGF-I (Scheven and Hamilton, 1991). Martinez
et al. (1991) demonstrated that .;systemic injection of ST caused an increase in
bone-protein synthesis in the tibia of normal female rats without an increase in IGF-I
concentrations, again, suggesting that the actions of ST have a direct effect on
bone or mediated by autocrine or paracrine mechanism, independently.

Early et al. (1990b) demonstrated that ST administration to steers increased
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humerus length 4.5% and rate of growth in length 45%, and femur circumference
growth by 18.7%. In steers which were treated with bST from 231 to 384 kg, the
increase in bone growth with bST is possible because the proximal epiphysis of
cattle ossifies when cattle are 18 to 24 months of age (Emara, 1937, Sisson, 1953).
Johnsson et al. (1985) observed an increase in bone circumference of the femur
and humerus of ST-treated lambs, and Butler-Hogg and Johnsson (1987)
demonstrated an increase in bone weight in ST-treated lambs.

Although ST stimulates growth when given exogenously, research by Greiner
(1993) showed that endogenous bST and IGF-I concentrations may not reflect
differences in height. For example, unselected Hereford steers had an average
frame score of 1.6 which was significantly lower than the average frame score of 5.3
for Herefords selected for growth. Although frame scores were different, plasma
bST and IGF-I concentrations were greater in the unselected Herefords (3.70 and
880.5 ng/ml, respectively) than in Herefords selected for growth (3.31 and 795.3
ng/ml, respectively).

In human medicine, the focus of ST treatment is to prevent osteoporosis in
the elderly (Slootweg, 1993). Johnsson et al. (1985) did not find a change in bone
density of ST-treated lambs. Hardt et al. (1995) in a study evaluating the
relationship between estrogenic implants, ST, IGF-I and skeletal characteristics did
observe an increase in circulating ST concentrations with implantation of estradiol-
benzoate progesterone and tended to see an increase in the breaking load of
metacarpals of implanted steers which suggest an increase bone density. Hardt et

al. (1995) also observed a decrease in metacarpal length with the estrogenic
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implant due to the fact the estrogens inhibit long bone growth.

Effect of somatotropin on the carcass

Carcass Characteristics. A review of recent studies on the effect of ST
administration on beef cattle carcass characteristics is summarized in Table 1-2.
In the two studies by Moseley et al. (1992), hot carcass weight (HCW) decreased
with increasing ST doses. This effect was evident in studies by Dalke et al. (1992)
and Preston et al. (1995). Conversely, HCW increased in the study by Rumsey et
al. (1996). Carcass weight was increased 7.4% in prepubertal heifers given ST for
15 wk in a study by Vestergaard et al. (1995), but not in an earlier study
(Vestergaard et al., 1993). The difference in the response may be due to dose,
Moseley et al. (1992) used the highest doses and Rumsey et al. (1995) used the
lightest-weight cattle. In the summary by McBride and Moseley (1991), research
demonstrated there was a positive response in carcass tissue accretion with ST
administration, although, not necessarily statistically significant. There was also an
increase in weights of non-carcass tissues (McBride and Moseley, 1991). Early et
al. (1990a) and Johnsson et al. (1985) observed significant increases in non-
carcass weight (NCW) in ST-treated steers and lambs, respectively.

Early et al. (1990b) attributed 75% of the increase in NCW to an increase
weight of the gastro-intestinal tract. Early et al. (1990a) theorized that by
administering bST to younger, light-weight cattle, the carcass component could be
increased to a greater extent than the non-carcass components. If final weight

does not change, but HCW decreases and NCW increases, changes in dressing
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Table 1-2. Summary of recent studies on the effect of somatotropin on beef
cattle carcass characteristics ®

Reference Daily ST HCW, Dressing Back Ribeye Marblipg Yield

dose, kg percent fat, area score grade
pg\/’kvg mm® cm 2b
1%2';3' etal., 0 331 60.1 140° 806 510° 32°
12 0 +12 21 +36 -39 94
24 +15 +2 14 +25 938 63
49 +1.8 +2 1193 +41 137 -156
Moseley et 0 334° 627° 194° s527' NG? NG
E'xp1 ?92’ 33 211 227 931 4747 NG NG
100 271 22V 2847 4721 NG NG
300 9,01 647 6247 466" NG NG
Moseley et 0 356° 632° 232° 718°% NG NG
::pr1 292' 8.25 ERR -9 80t +44? NG NG
165 141 114t 65T 478t NG NG
33 -8t -9 47t 488t NG NG
66 347 21t 228" 470! NG NG
:;re:;;r; ot 0 329 63.1 11.2°  86.1 490° 24°
25 +9 +32 8.0 +2.7 4.1 83
51 +6 -5 152 +17 6.1 125
Saatlt:r:;;geir 0 353 625 6.6 83.5 NG 25
495 -4 0 173 19 NG 40
Rumsey et 0 147 NG NG NG NG NG
al. 1996 100 +551 NG NG NG NG NG
Schwarz et 0 287 57.7 NG NG NG NG
al. 1993 62 +1.8 +1.2 NG NG NG NG
124 +.7 +7 NG NG NG NG
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Table 1-2. (cont'd)

*Duration of dose and initial body weight is presented in Table
1-1.

®Control values are given in actual units, bST doses are
percent. change from controls; a difference does not indicate a
statistical significance.

°400 = slight, 500 = small, 600 = modest.

UbST dose was given as 40, 80, and 160 mg/wk.

¢ Significant linear response (P < .10) with increasing bST
dose.

! Significant quadratic response (P < .10) with increasing bST
dose.

%Not given in tabular form or not determined.

h"A 2 x 3 factorial experiment was conducted, with or without an
estradiol benzoate progesterone-trenbolone acetate and bST doses
of 0, 80, 160 mg/wk.

'A 2 x 2 factorial experiment was conducted; with or without
120 mg trenbolone acetate and 24 mg estradiol-17f and with or
without 160 mg bST/wk.

IDifferent from control (P < .20).

tDifferent from control (P < .10).

22



percent (DP) would occur. Although, Dalke et al. (1992) and Preston et al. (1995)
did not see a change in DP with increasing ST doses, both Moseley et al. (1992)
and Early et al. (1990a) observed a decrease when an increasing ST dose was
administered.

The greatest effect of ST treatment on carcass characteristics is the
decrease in carcass fat (McBride and Moseley, 1991; Table 1-2). Dalke et al.
(1992), Moseley et al. (1992), and Preston et al. (1995) showed a linear decrease
in carcass backfat of steers with increasing doses of ST administration. The most
dramatic was a 62.4% decrease in backfat with a daily ST dose of 300 ug/kg BW.
Peters (1986) observed a 24% reduction in backfat with bST administration
following 29 d of treatment, but Early et al. (1990a) did not see a difference in
backfat of steers administered ST for 112 d. Additionally, Enright et al. (1990) and
Preston et al. (1995) demonstrated a decrease in kidney-pelvic-heart (KPH) fat with
bST administration.

In regards to marbling score, intramuscular fat content, Preston et al. (1995),
Dalke et al. (1992), and Schwarz et al. (1993) observed a dose-dependent
decrease in marbling score with increasing concentrations of ST (see Table 1-2 for
data from Preston et al., 1995 and Dalke et al., 1992). The study by Schwarz et al.
(1993) determined a 13 to 28% reduction in marbling with 62 and 124 ug ST/kg
BW, respectively, with controls having a marbling score of 3.83 on a scale of 1 to
5 where 1 is poor fat and 5 is extremely fat. In conjunction with the decrease in
marbling observed by Schwarz et al. (1993), they also determined that the

percentage of intramuscular fat was reduced (P < .05) 46.6% with a daily dose of
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124 ug ST/kg BW. The decrease in marbling score was translated into a decrease
number of animals achieving the USDA choice quality grade (Dalke et al., 1992,
Moseley et al., 1992; Preston et al., 1995), although, Early et al. (1990a) did not
see a change in Canadian carcass grade with bST administration.

There was a trend towards increased ribeye area (REA) with ST
administration (Table 1-2). A significant linear or quadratic response in REA due
to ST was only evident in the studies by Moseley et al. (1992). The greatest
response in REA was observed with a daily ST dose of 33 ug/kg BW (Table 1-2).
With a decrease in carcass backfat and KPH fat, and an increase in REA, there
were improvements in carcass yield grade (Dalke et al, 1992; and Preston et al,
1995; Table 1-2). Moseley et al. (1992) did not demonstrate an effect on carcass
yield grade with increasing dose of ST, but as mentioned previously, did observe
an decrease in backfat and an increase in REA.

Individual muscles and internal organs. Butler-Hogg and Johnsson (1982)
observed greater muscle weight throughout the carcasses of ewe lambs treated
with bST. In regards to muscle groups (primal cuts of the carcass), Early et al.
(1990b) observed an increase in the flank and shank primals, and hypothesized
that the flank increased to accommodate the larger gastro-intestinal tract in bST
animals. Elsasser et al. (1998) observed an increase in the Rectus femoris (RF),
Triceps brachii (TB), and Supraspinatus (SS) muscles with bST or in combination
with 20 mg 17-8 estradiol benzoate plus 200 mg progesterone. The
Semitendinosus (STMUS) and Psoas major (PM) were less responsive to the

hormonal modifiers which may be related to the functions of the muscle. Elsasser
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etal, (1998) theorized the differences in response of muscles to ST treatment may
be due to 1) the muscles are already increasing in size to their maximum potential
given the nutrients available and 2) in relation to function, e.g. the RF , TB and SS
are involved in locomotion and therefore may respond in conjunction with long bone
growth as compared to the STMUS and PM which are involved with hindlimb flexor
and vertebral posture, respectively.

Early et al. (1990b) did not see a significant affect of bST on the STMUS, but
the Vastus lateralis muscle exhibited a 42% increase in growth. Also, Eisemann et
al. (1989) did not observe an increase in STMUS weight with bST, but did observe
a 11% increase in Longissimus weight but not relative to empty BW. Brameld et al.
(1996) observed an increase in IGF-I mRNA in STMUS of pigs but not the
Longissimus muscle after 7 d of bST administration, but neither muscle increased
in weight. Beermann et al. (1990a) did show an increase in STMUS with pST
administration up to 120 pg pST/kg BW which was due to individual muscle fiber
hypertrophy.

As discussed previously, NCW was increased with long-term bST
administration. Part of this increase would be increases in internal organs.
Moseley et al. (1992), Early et al. (1990b) and Rumsey et al. (1996), reported
increases in liver and kidney weights in bST-treated steers and Schwarz et al.
(1993) in bST-treated heifers. Rumsey et al. (1996) observed an increase in spleen
and heart weight, but Early et al. (1990b) did not. Early et al. (1990b) did however

observe an increase in lung and trachea weight with bST treatment.
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Carcass composition and accretion rates. A consistent effect of ST
administration to growing animals is increased nitrogen retention (Eisemann et al.,
1986b). In the study by Eisemann et al. (1986b), they reported a 500% increase
in nitrogen retained by ST-treated heifers. The increase was due to a 11%
decrease in urinary nitrogen loss. These findings are supported by a 16% increase
in nitrogen retention in steers (Moseley et al., 1982), and a 19% increase in
nitrogen retention in lambs (Pell et al., 1990) receiving ST. Wallace and Bassett
(1966) believed that the increase in nitrogen retention shown with ST administration
is dependent on the associated increase in plasma insulin. The increase in plasma
insulin would drive more nutrients (e.g. amino acids and glucose) into cells fueling
the anabolic effects.

Early et al. (1990c) observed a greater whole-body protein accretion with
bST administration, but this was due to greater noncarcass protein accretion rather
than in the carcass. Protein accretion was increased 22% with bST administration
in Angus-Hereford crossbred steers (Rumsey et al., 1996). Rumsey et al. (1996)
demonstrated a 23.5% decrease in lipid accretion after 56 d of bST administration
in light-weight cattle (182 kg initial weight, and 266 kg average final weight.) and
100 ug bST/kg BW dose. Boisclair et al. (1994) demonstrated a greater protein
accretion in the hindlimb of bST-treated steers.

In conjunction with the decrease in fat, the percent protein and water
increased linearly with increasing levels of bST administration (Moseley et al.,
1992). Early et al. (1990b) did not see a significant decrease in total steer carcass

fat, but the total lean to fat ratio was increased with ST administration. A similar
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response was exhibited in lambs treated with ST (Pell et al., 1990). Treated lambs
had carcasses with lower fat content, increased protein, and an increased lean to
fat ratio (Pell et al., 1990).

Product quality.  Growth modifiers may increase ADG, improve feed
efficiency, increase protein and decrease fat, but if the product produced is not
acceptable to the public, the point is mute. Moseley et al. (1992) saw a 17 to 95%
reduction in the percent of carcasses grading choice. The 95% reduction was seen
in steers receiving 300 ug bST/kg BW and they did not reach market weight. At
100 ug bST/kg BW, 70% fewer carcasses graded choice. Preston et al. (1995)
documented a linear decrease in marbling score (6%), and percent carcasses
grading USDA choice (58%) with increased bST dosages.

Few studies have evaluated the effect of ST in cattle on the resulting
tendemess of the product. In young, light-weight (223 kg at harvest) prepubertal-
Friesian heifers, treated with bST for 15 weeks, lean and fat color was improved
and closer to the Danish ideal (Vestergaard et al., 1995). Additionally, there was
a tendency for decreased intramuscular fat percentages with bST treatment, but
bST did not affect tendemess (Vestergaard et al., 1995). Vestergaard et al. (1993)
observed no effect of bST treatment on Longissimus dorsi muscle pigmentation,
meat color, shear force or cooking loss. They did observe a decrease in
intramuscular fat. Additionally, a trained-taste panel found no differences between
loins prepared as steaks from control or bST-treated heifers (Vestergaard et al.,
1993).

Allen and Enright (1989), as reported by Vestergaard et al., (1993), reported
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taste-panel scores for tenderness and overall acceptability to be slightly lower for
bST-treated animals as compared to controls. An absence of difference in panel
acceptability is consistent in the lack of affect of bST-treatment on collagen content
and solubility (Vestergaard et al., 1993), and glycogen content of the meat
(Vestergaard et al., 1995). Bovine ST administered for eight weeks to East
Friesland, Oxford, and Texel sheep did not affect meat quality in regards to ultimate
pH, lightness, hue, or saturation in the loin joint (Sinnett-Smith et al., 1989). In
barrows, pST administered for 18 wk reduced sensory-panel scores for juiciness of
loin chops and overall tendemess (Klindt et al., 1995). There was a linear decrease
in juiciness of loin chops from boars as length of pST treatment increased. Loin
chops from boars receiving pST for 18 weeks had lower boar taint intensity than
control boars.

Somatotropin does not aiways show an affect on tenderness, but when there
is an effect, it is negative (Klindt, 1995). Goodband et al. (1990), Solomon et al.
(1988), and Beermann et al. (1990a) observed an increase in shear force values
of pork chops with pST treatment. Hagen et al. (1991) and Goodband et al. (1990)
demonstrated a decrease in tenderness scores assigned by a sensory panel to
meat from pST-treated pigs. A consumer study demonstrated that consumers
showed no difference in preference for loin roasts from control or pST-treated pigs,
but consumers did prefer ham roasts from control versus pST-treated pigs (Prusca
et al., 1993).

Combination of ST and other anabolic agents. When ST is combined with

another anabolic agents such as estradiol (Enright et al., 1990), TBA plus estradiol
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(Preston et al., 1992; Rathmacher et al., 1996), or a B-agonist (Maltin et al., 1990;
Hansen et al., 1997b); the combined affect is additive for specific traits. The use
of estradiol and ST in feedlot steers increased ADG 12.8% and 19.3% over only
ST-treatment and control steers, respectively. Also, the addition of estradiol to ST-
treated steers improved feed efficiency 10% and 14.5% over only ST-treated and
control steers, respectively (Enright et al., 1990).

Combining ST and TBA plus estradiol did not increase feedlot performance
or alter carcass characteristics as compared to these compounds given separately
(Rathmacher et al., 1996). In the study by Rathmacher et al. (1996), implanting
cattle with TBA plus estradiol improved feedlot performance (ADG and feed
efficiency), HCW, and REA more than administration of bST. Administering bST
did alter carcass composition by increasing the weight of muscle and decreasing
the fat when combined with TBA plus estradiol. Preston et al. (1995) demonstrated
an additive response between ST and TBA plus estradiol on ADG and feed
efficiency. Although alone, the steroid implant increased ADG and feed efficiency
to a greater extent than ST alone.

In veal calves, the use of the B-agonist, clenbuterol, and ST improved feed
efficiency over clenbuterol-treated calves, but only tended to improve feed
efficiency over ST-treated calves. Average daily gain was not significantly different
between the clenbuterol, ST plus clenbuterol, and ST treatments; although,
clenbuterol plus ST tended to increase ADG 6.6% over the growth promotants
individually (Maltin et al., 1990). Hansen et al. (1997b) showed additive effects of

pST and the B-agonist, salbutamol, given to pigs as evidenced by increased feed
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efficiency, carcass protein and water accretion, longissimus muscle area, and

STMUS weight.

Lipogenesis

Adipose tissue is responsible for more than 90% of the fatty acid (FA)
synthesis in the ruminant and the majority of FA synthesis in the pig and guinea-pig
(Vernon, 1980). This differs from man and birds where the liver is the main site of
FA synthesis and the rat, mouse, and rabbit in which both the liver and AT
synthesize substantial amounts of FA (Vernon, 1980). Acetate is the primary
carbon source for FA synthesis in ruminants unlike rats, where glucose is the
primary precursor. In mature ruminants, most glucose is derived from
gluconeogenesis rather than derived from carbohydrate digestion and absorption
in the small intestine as in monogastric animals (Vernon, 1980; Fahey, 1988).
Therefore, glucose is needed to be spared for basal metabolism (Vernon, 1980).
Lactate, pyruvate, propionate, methylmalonate, butyrate, and B-hydroxybutyrate are
used to some extent for FA synthesis (Vemon, 1980). The use of propionate leads
to odd-chained fatty acids and methylmalonate produces branched-chain FA
(Vernon, 1980).

The three critical (or control) enzymes in the pathway of FA synthesis are
acetyl CoA synthase (ACS), acetyl CoA carboxylase (ACC) and fatty acid synthase
(FAS; Vernon, 1980). The process of FA synthesis (palmitic acid, 16 carbons)
requires 8 acetyl CoA and 14 molecules of nicotinamide dinucleotide-phosphate

(NADPH; Vernon, 1980). The primary source of NADPH is from the pentose-
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phosphate pathway. NADP-isocitrate dehydrogenase (ICD) provides the additional
NADPH needed for FA synthesis above what can be produced from the pentose-
phosphate pathway (Vernon, 1980).

Regulation of lipogenesis. Lipogenesis is regulated by both plasma
metabolites and hormones (Vermon, 1980). Increased plasma acetate and glucose
will increase FA synthesis. Increased plasma glucose is rarely observed in
ruminants (Vernon, 1980). The increase in dietary FA reduces FA synthesis in the
adipocyte of the ruminant (Vernon, 1980).

Acetyl-CoA carboxylase is regulated by both phosphorylation/
dephosphorylation and by changes in enzyme concentration (Wolf, 1996). Fatty
acid synthase is only regulated by a change in enzyme concentration (Wolf, 1996).
The change in enzyme concentration was found to occur via the action on the rate
of mMRNA transcription. Although in a summary by Girard et al. (1994), they suggest
that the increase in FAS mRNA may be due to post-translational stabilization rather
than only an increase in transcription. Vernon (1980) states that changes in
NADPH production is determined by the rate of FA synthesis.

Total fat content of steers increases as the age at harvest increases (Koch
et al., 1979; Cianzio et al., 1985; Loy et al., 1988). Associated with the increase in
quantity of adipose tissue is the decrease in the number of adipocytes per gram of
tissue (Cianzio et al., 1985). Pothoven et al. (1975) observed a 62% decrease in
in vitro lipogenesis as crossbred steers increased in BW from 363 to 505 kg. The
decrease in lipogenesis as BW increases is associated with an increase in

adipocyte size and fewer cells per unit weight of tissue (Hood and Allen, 1973).
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Effect of somatotropin on lipogenesis.

Somatotropin has been found to decrease FA synthesis in adipose tissue
(AT) treated in vitro (Vernon, 1982; Sinnett-Smith and Woolliams, 1989) and
Walton and Etherton (1986) demonstrated that ST can antagonize insulin’s
stimulation of lipogenesis in cultured porcine AT. Kramer et al. (1993) observed a
35% decrease in FA synthesis, as measured by tritium incorporation into FA, and
a 56% decrease in malic enzyme activity in pigs treated with pST for 24 d. Just as
with ICD, malic enzyme generates NADPH to be used in FA synthesis (Zubay,
1988).

Glucose transport. Harris et al. (1993) observed an 86% reduction in
glucose incorporated in FA after barrows were treated 11 d with pST and reduced
FAS and ICD activity (67 and 31%, respectively). Because AT biopsies are in a net
degradative state a soon as they are collected, in vitro measurements of
lipogenesis may be underestimates (Kramer et al., 1993). Dunshea et al. (1992c)
utilized an in vivo method to determine glucose utilization rates for lipogenesis and
the effect which pST had on them. Rates of glucose incorporated into lipids were
reduced 76%. Specifically, glucose incorporated into triglyceride-FA was reduced
78% as compared to glucose incorporated into triglyceride-glycerol which was
reduced 66%. Donkin et al. (1996) found the mRNA abundance of GLUT 4, the
major insulin regulated glucose transporter in adipocytes, was not decreased with
pST administration, but Kilgour et al. (1995) determined that altering plasma ST
concentration in the rat caused the GLUT 4 protein to translocate from the

intracellular pool to the plasma membrane when ST was decreased.
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Insulin and insulin resistance. Blood insulin concentrations increase in
ruminants that are treated with ST (Davis et al., 1969; Wagner and Veenhuizen,
1978; Hart et al., 1984; Eisemann et al., 1986a). If insulin stimulates lipid accretion,
ST must be blocking insulin’s affect by making the adipocytes insulin resistant.
Insulin resistance is the subnormal biologic response to a specific insulin level
(Moller and Flier, 1991). Insulin resistance is observed in genetically obese mice
following ST administration (Roupas et al., 1991).

Studies by Walton et al. (1987) support the results of Roupas et al. (1991).
Walton et al. (1987) used dose response curves to demonstrate that pST
decreases the sensitivity of AT explants to insulin. Both the basal and maximally-
stimulated conversion of glucose to lipid were reduced 50% and the insulin
concentration which produced the half-maximum response was increased 10 fold.
In addition, Walton et al. (1987) demonstrated that not only had the adipose tissue
from ST-treated animals become insulin resistant, but IGF-I resistant as well. An
experiment by Vernon et al. (1991a) can in part explain how lipogenesis is
decreased in insulin-resistant AT.

Vernon et al. (1991a) determined the effect of insulin, dexamethasone (a
synthetic glucocorticoid) and ST on FA synthesis and ACC activity of AT from
wethers. Insulin and dexamethasone acted synergistically to increase FA
synthesis, but this affect was blocked by ST. Although ST clearly decreased
insulin’s effect of FA synthesis, the total activity of ACC was unchanged. The
proportion of ACC in the active state correlated to the effects seen in FA synthesis.

Insulin increased activation of ACC whereas the addition of dexamethasone did not.
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Somatotropin did not inhibit ACC activation after 24 h of incubation, but completely
blocked the effect of insulin and dexamethasone following a 48 h incubation. The
mechanism for ST blockage of insulin’s action is unclear, but it is not due to a
decrease in insulin binding or insulin receptor kinase activity as determined by
Magri et al. (1990) in pig adipocytes. These findings suggest that a post-receptor
mediator of insulin action may be affected (Roupas et al., 1991; Vernon et al., 1991;
Magri et al., 1990).

GTP-binding proteins. One way ST may induce insulin resistance is to
uncouple the insulin receptor from its signal transduction GTP-binding protein (G
protein). The G proteins are heterotrimeric proteins comprised of a, B, y subunits
(Simon et al., 1991). The action of ligand binding to a receptor activates the G
protein which induces the exchange of guanosine diphosphate (GDP) bound to the
o subunit for guanosine triphosphate (GTP). The binding of GTP causes the o
subunit to dissociate from the By heterodimer. The a subunit-GTP complex and
By heterodimer can interact with effector proteins that are second messengers.
Examples of second messengers are phosphodiesterase, phospholipase C,
adenylate cyclase, phospholipase A2, and ion channels. Each second messenger
is stimulated by a stimulatory G, protein and inhibited by an inhibitory G, protein
(Simon et al., 1991). Work done by Roupas et al. (1991) demonstrated that ST
antagonized the phosphotidylinositol phospholipase C (PI-PLC) stimulation by
insulin. Although PI-PLC activity was unchanged, the results suggested ST
interfered with the mechanism of signaling. As stated above, G proteins require

GTP to become activated. Roupas et al. (1991) demonstrated the activation of PI-
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PLC by the addition of GTP[yS], a hydrolyzable GTP analog, to the membranes
from saline-treated mice. When GTP[yS] was incubated with membranes of
adipocytes from ST-treated mice, PI-PLC was not stimulated. This finding suggests
ST interferes with G, protein activation of PI-PLC by insulin. What happens to the
G, protein of the PI-PLC pathway is unknown. In addition, ST effects on the G
proteins of the adenylate cyclase pathway are unclear.

Change in hormone activity and amount. Vernon et al. (1991a) determined
in culture, ST decreased the activation of ACC of AT from wethers. Magri et al.
(1990) demonstrated a decrease in the lipogenic enzyme activities of FAS, glucose-
6-phosphate dehydrogenase, 6-phosphogluconate dehydrogenase, and malic
enzyme in AT of barrows treated for 7 d with pST. Additionally, Magri et al. (1990)
determined that glucose transport into adipocytes was reduced 62% with pST
administration, but insulin binding to the adipocyte nor the insulin receptor's
tyrosine kinase activity were affected. Roupas et al. (1991) discovered that ST
interferes with the signal transmission of a G protein between the insulin receptor
and PI-PLC, thereby, even though insulin binding is not inhibited (Magri et al.,
1990) its signal is being interrupted. Borland et al. (1994) determined that a short-
lived protein may also be needed for ST to inhibit lipogenesis in sheep AT. This
was determined after actinomycin D, an inhibitor of protein synthesis, blocked ST
depression of lipogenesis in vitro. Ornithine carboxylase activity was shown to
increase during ST treatment and coincided with the decrease in lipogenesis
(Borland et al., 1994). Additionally, a polyamine may be needed for the full ST

affect (Borland et al., 1994).
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In addition to decreasing enzyme activation and interfering with signal
transduction, ST alters ACC (Liu et al, 1994) and FAS (Mildner and Clarke, 1991;
Harris et al., 1993; Donkin et al., 1996) synthesis. Liu et al. (1994) observed a 40%
decrease in ACC mRNA in pST-treated barrows. Similarly, Harris et al (1993)
demonstrated a 74% decrease in FAS mRNA with pST treatment for 11 d and
Donkin et al. (1996) determined that FAS mRNA decreased in a linear fashion in
porcine adipocytes with increased dosage of pST.

No change in ICD activity was observed in lactating ewes (Vernon et al.,
1991a) and lactating cows (Lanna et al., 1995), although FAS activity decreased.
In a similar fashion, Ingle et al. (1973) observed a decrease in in vitro lipogenesis,
as measured by acetate incorporation into FA, with significant reduction in ACS and
ACC with fasting; but did not show a significant decrease in ICD although,
numerically activity decreased 15 to 30%. Additionally, Ingle et al. (1972) observed
a tendency in ruminant AT for the dehydrogenase to have greater activity when

rates of FA synthesis were greater.

Lipolysis

Lipolysis is the mobilization of AT lipids for use by other tissues of the body
and requires the hydrolytic cleavage of triacylglycerols to glycerol and free FA
(Vermmon, 1980). Hormone-sensitive lipase (HSL) catalyzes the rate limiting step of
lipolysis in adipocytes (Cordle et al., 1986), and hydrolyzes triacylglycerol to
diacylglycerol and free fatty acids. The last step is the conversion of 2-

monoacylglycerol to free fatty acids and glycerol and is catalyzed by
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monoacylglycerol lipase (Belfrage, 1985).

Reversible phosphorylation controls the activity of HSL. Activation of HSL
results from phosphorylation catalyzed by cyclic AMP-dependent protein kinase
(Cordle et al., 1986) and deactivated by dephosphorylation with protein
phosphatase 2C (Sztalryd and Kraemer, 1994). Egan et al. (1992) demonstrated
that the lipolytic stimulation of adipocytes caused the translocation of HSL from the
cytosol to the lipid droplet resulting in an increase in lipolysis.

Catecholamines such as epinephrine and norepinephrine result in an almost
immediate increase in plasma NEFA with a corresponding increase in plasma
glycerol concentration. These compounds interact with the adipocytes BAR to
increase the rate of lipolysis. Catecholamine stimulation of lipolysis can be
decreased with both a- and pB-adrenergic blocking agents (Vernon, 1980).
Norepinephrine can be increased by stimulation of the sympathetic nervous system
due to handling, injecting experimental animals, cold exposure, or hypoxia, and
therefore, increase lipolysis.

Insulin is the primary antilipolytic hormone in ruminants and causes a
reduction in plasma NEFA and glycerol concentration within minutes after being
administered (Vernon, 1980). Insulin not only decreases the rate of lipolysis, but
also decreases the rate of FA release from AT by stimulating glucose uptake and
FA re-esterification. The actions of insulin on lipolysis may act through a low-K,
phosphodiesterase or by inhibiting adenylate cyclase activity (Vernon, 1980).
Glucose decreases plasma glycerol concentration and glycerol entry rates in sheep

when administered intravenously. This effect is primarily due to an increase in
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insulin (Vernon, 1980). Unlike insulin and glucose, glucagon is a mild lipolytic
stimulator (Vernon, 1980).

Pothoven et al. (1975) found no correlation between basal and stimulated
lipolysis. Rule et al, (1992) observed a 134% increase in basal glycerol release per
mg protein with increased BW of Holstein steers, from 277 to 528 kg. Because the
main control of HSL activity is by phosphorylation/dephosphorylation (Vernon,
1980), an increase in basal glycerol release without an increase in epinephrine-
stimulated lipolysis suggests a change in enzyme activity without a change in
enzyme concentration. The same quantity of enzyme when maximally stimulated
would have similar glycerol release rates. Greater lipolytic rates with changes in
BW were observed in AT from perirenal (309%), omental (200%), and intermuscular
(111%) depots than inner or outer backfat (Rule et al., 1992) without a change in
stimulated lipolysis. Pothoven et al. (1975) observed an increase in basal giycerol
release as crossbred steers increased in weight from 363 to 505 kg, but a decrease

in epinephrine-stimulated lipolysis.

Effect of somatotropin on lipolysis

Hart et al. (1984) did not find an increased lipolytic activity in AT incubated
with bST as measured by glycerol release per 4 h/g of tissue. Doris et al. (1996)
found that basal glycerol release in AT was increased 59% in vitro with in vivo ST
administration to sheep for 7 d. The AT from ST-treated sheep also responded to
a greater extent to the B-agonist, isoproterenol, than AT from control sheep.

Additionally, AT from ST-treated sheep responded less to the antilipolytic agent, N°-
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phenylisoproyladenosine (P1A), an adenosine analog, than control AT (Doris et al.,
1996). Doris et al. (1996) did not find an increase in glycerol response to a
catecholamine with ST administration. An increase in glycerol release was not
observed when sheep (Vernon, 1982; Hart et al., 1984) and swine (Walton and
Etherton, 1986) AT were treated in vitro with ST. Additionally, Kramer et al. (1993)
and Sinnett-Smith and Woolliams (1989) did not observe an increase in glycerol
release from AT of pigs and sheep treated with ST in vivo.

Dunshea et al. (1992a) suggested that the increase in lipolytic activity may
in part be related to decreased insulin sensitivity, which would decrease the
inhibition of lipolysis. Increased lipolytic activity may also be the result of a
heightened sensitivity or responsiveness to lipolytic stimuli as suggested by
Boisclair et al. (1997) and discussed previously. Through calculating grams of
triglyceride mobilized per day, Dunshea et al. (1992b) determined a nearly 50%
increase in lipid mobilization with pST (56 to 109 g of triglyceride mobilized per
day). Although when compared to the reduction in lipid accretion ( > 200 g/d),
enhanced lipolysis would constitute approximately 25% of the reduction in daily lipid
accretion, the balance being reduced lipogenesis.

Peters (1986) observed an increase in plasma NEFA response area to a
single epinephrine challenge with ST administration, although Peters (1986) saw
a greater response with feed restriction than with ST treatment. Likewise, Sechen
et al. (1990) found that lactating cows receiving bST had greater response in
circulating levels of NEFA at all doses of epinephrine, and an increase in the

maximum response of plasma glycerol from epinephrine challenges. As discussed
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earlier, glycerol response relates to lipolysis, whereas, NEFA alterations reflect
mobilization (Sechen et al., 1990). Lanna et al. (1995) did not observe a increase
in basal glycerol release in vitro, but an increase in HSL activity of AT was
observed with bST administration to lactating cows (Lanna et al., 1995 and Liesman
et al., 1995).

Beta and alpha-2 adrenergic system. The second possible mechanism ST
enhances lipolysis of AT is to increase the number of B-receptors as compared to
«, receptors. Beta receptors are mediated through G, proteins and stimulate cyclic
AMP through the adenylate cyclase pathway (Levitzl;i, 1988) and would stimulate
lipolysis. Alpha-2 receptors inhibit cyclic AMP and therefore inhibit lipolysis
(Levitzki, 1988). Watt et al. (1991) showed that the binding of B-receptors
increased as compared to a, receptors when sheep AT was incubated with ST.

Roupas et al. (1991) suggests that if ST inhibits the G, protein, then the G,
protein axis would allow greater activation and subsequent stimulation of lipolysis.
Doris et al. (1994) demonstrated in rats that ST alters the amount of G, proteins
in rat AT, which inhibits the cyclic AMP signaling systems and inhibits HSL.
Decreased suppression of HSL allows greater stimulation of the enzyme producing
increased lipolysis. Doris et al. (1996) did not find altered quantities of the G,
protein, but found that ST alters the cyclic AMP-based signaling systems of AT by
several mechanisms. The first, by increasing the maximum rate of B-adrenergic-
stimulated lipolysis, due to an increase in the number of BAR; and the second by

decreasing the inhibition of antilipolytic agents.
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Inhibition of antilipolytic agents. Lipolysis might be enhanced by decreasing
the response of AT to antilipolytic agents such as adenosine and proétaglandin E,
or the local production of the antilipolytic agent, prostaglandin E, by the adipocyte
(Doris et al., 1996). Adenosine’s actions on AT mimic those of insulin and include
increased glucose uptake, inhibition of lipolysis and enhanced lipoprotein lipase
activity (Carey, 1995). Extracellular adenosine in AT could originate as adenine
nucleotides from purinergic neurons, as adenosine transported out of endothelial
cells and adipocytes, or adenine nucleotides transported out of adipocytes (Carey,
1995). Doris et al. (1996) demonstrated that AT from bST-treated sheep responded
less (a higher rate of lipolysis) to the adenosine analog PIA than control sheep.

As with PIA, lipolysis in AT from bST-treated sheep was inhibited by
prostaglandin E, (PGE) to a lesser extent than AT from control sheep. (Doris et al.,
1996). Additionally, PGE, concentrations were lower in bST-treated sheep (Doris
et al., 1996). Adipocytes release arachidonic acid when stimulated with
catecholamines which can be used to synthesize PGE, by the stromal-vascular
cells of AT (Richelsen, 1992). Although there was an associated increase in
plasma glycerol with the decrease in PGE,, the cause and effect is not clear (Doris
et al., 1996).

It is clear that ST is a potent modifier of growth when given to feedlot cattle.
In some circumstances ST increases ADG, decreases DMI and improves feed
efficiency. Research has shown that ST can alter the composition of the carcass
by decreasing the lipid content and increasing protein. Early et al., (1990a)

suggested that ST should be given early in the feeding period and for a longer
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period of time to observe its full potential and to reap the benefits of increased red
meat yield. Previous research has demonstrated the effect ST has on lipid
metabolism. The majority of the decrease is through a decrease in lipogenesis but
enhancement of lipolysis is possible. The question remains, what portion of the
reduced lipid accretion can be attributed to lipolysis and at what point does it occur.

The two studies which follow will try to answer these questions.
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Chapter 2

USE OF GROWTH PROMOTING SUBSTANCES FOR INCREASED
SKELETAL AND LEAN TISSUE GROWTH OF HOLSTEIN STEERS'

Abstract

A study was conducted to evaluate the effectiveness of long-term bovine
somatotropin (bST) administration to growing-finishing Holstein steers at the
beginning, end or during the entire feedihg period on lean, skeletal, and carcass
measurements. One hundred-sixty Holstein steer calves (185 kg) were blocked into
four weight groups to determine the long-term (354 d) effect. Steers were randomly
allocated to four treatments (10 steers/treatment) within a block. Treatments were
control, no bST (C-C); bST d 0 to 182 (bST-C); bST d 183 to harvest (C-bST); and
bST d 0 to harvest (bST-bST). Steers received a s.c. injection of bST or placebo
at 14-d intervals. Ddses were 320 mg bST/injection from d 0 to 112 and 640 mg
bST/injection from d 113 to harvest. The last treatment was administered 31 d
before harvest. Steers received a 14% CP diet from d O to 182 and 11.5% CP from
d 183 to harvest consisting of dry, whole-shelled corn and a pelleted protein-
mineral supplement. Steers were harvested when BW per block averaged 615 kg.
During the first 182 d, bST-C and bST-bST steers were heavier, with greater (P <
.05) ADG, feed efficiency, hip height and hip height gain as compared with C-C and
C-bST steers. Steers receiving bST during the first part of the study had lower (P
<.10) carcass fat measurements but similar protein composition than control steers.

From d 183 to harvest, cattle on all treatments had similar ADG, but C-bST steers

'This study was funded in part by Lilly Research Laboratories, Greenfield, IN
and the Michigan Agricultural Experiment Station
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had reduced (P < .05) daily DMI and greater feed efficiency than bST-C steers.
Steers receiving bST (C-bST, bST-C, and bST-bST) had greater (P < .05) hip
height and skeletal growth than C-C steers. Noncarcass weight was increased and
dressing percent reduced (P < .05) in C-bST and bST-bST steers as compared with
C-C and bST-C steers. Measurements of carcass fatness including quality grade
was reduced (P < .05) the greatest in bST-bST steers as compared to C-C while
bST-C and C-bST carcasses were intermediate. Steers receiving bST had greater
(P < .05) carcass bone, protein and water composition and greater (P < .05) protein
accretion than C-C steers. Bovine somatotropin was effective in reducing carcass
fat and increasing edible lean. Administering bST to young, light-weight steers
increased skeletal growth and noncarcass weight, but did not increase the total
carcass weight and reduced the quality of the carcass.

Key words: Somatotropin, Steers, Lean, Skeletal growth, Carcass measurements

Introduction

A greater awareness and demands by the consumer for healthier beef
products has prompted the beef industry to wage a "war on fat". Emphasis on
producing lean beef which maintains consumer acceptance is a key objective.
Identification of production strategies which accomplish this goal has led
researchers to investigate exogenous growth promotants such as somatotropin
(ST).

Research has documented ST ability to stimulate growth and reduce carcass

lipid content in pigs (Krick et al. 1993), lambs (Butler-Hogg and Johnsson, 1987),
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and cattle (Early et al., 1990a; Moseley et al., 1992; Preston et al., 1995; Rumsey
et al., 1996). Previous results in beef cattle administered bovine ST (bST) have
demonstrated greater increases in noncarcass weight than lean and skeletal tissue
(Early et al., 1990a). Additionally, as cattle on high-concentrate diets increase in
weight and age, carcass lipid mass increases at a greater rate than carcass protein
(Owens et al., 1995). To alter carcass lipid and protein content, administration of
bST to younger animals during peak periods of lean and skeletal tissue growth may
increase the effectiveness of the exogenous hormone on economically important
tissues. Therefore, a study was designed to evaluate the effectiveness of long-term
bST administration to growing-finishing Holstein steers at the beginning, end or
during the entire feeding period on lean, skeletal and organ growth; carcass
characteristics and composition; serum IGF-l concentrations; and liver IGF-l mMRNA

abundance.

Materials and Methods

Animal Management. This study was completed under the approval of the
Michigan State University All University Committee on Animal Use and Care (AUF
# 10/90-308-02) and under an INAD (6673-C004 - Bovine Somatotropin) issued to
Michigan State University. Sixty-four to 71 d prior to the start of the study, 243
Holstein steers (116 kg) were received from Indiana and Wisconsin at the Beef
Cattle Teaching and Research Center at East Lansing, MI. Upon arrival, steers
were placed in partially-covered pens (4.3 m x 11.9m, 10 to 12 steers/pen) and fed

1.36 kg of dry, whole-shelled corn, .91 kg medicated-pelleted supplement (Table
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Table 2-1 - Guaranteed analysis and ingredients of medicated-supplement
starter pellet**©

Guaranteed analysis

Nutrient

Crude protein, minimum 25.0%
Crude fat, minimum 1.0%
Crude fiber, maximum 9.0%
Calcium, minimum 1.5%
Calcium, maximum 2.5%
Phosphorus, minimum 1.0%
Salt (NaCl), minimum 2.0%
Salt (NaCl), maximum 3.0%
Vitamin A, minimum 110,000 1U/kg
Vitamin D5, minimum 55,000 IU/kg
Vitamin E, minimum 220 1U/kg

*Ingredients. Processed grain by-products, soybean meal, meat and bone
meal, linseed meal, sunflower meal, dehydrated alfalfa meal, ethoxyquin (a
preservative), molasses products, monocalcium phosphate, dicalcium phosphate,
calcium carbonate, sodium bicarbonate, salt, vitamin A acetate, D-activated
animal sterol (source of vitamin D;), vitamin E supplement, riboflavin supplement,
calcium pantothenate, niacin supplement, choline chloride, vitamin B,,
supplement, ethylenediamine dihydriodide, menadione dimethylpyrimidinol
bisulfite (source of vitamin K activity), manganous oxide, iron sulfate, copper
sulfate, cobalt carbonate, magnesium oxide, zinc oxide, potassium chloride, and
sodium selenite.

®Contains 2.2 g oxytetracycline/ kg of supplement.

‘Rebound® supplement, Kent Feeds, Inc., Muscatine, IA.
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2-1), and had ad libitum access to second cutting alfalfa hay and water. Steers
were ear-tagged, vaccinated against IBR, Pl,, BVD, BRSV, and were mass
medicated with 10 cc of an antibiotic mixture (225 ml long-acting penicillin, 225 ml
of spectinomycin, and 50 ml of vitamin B complex). Animals with rectal
temperatures of 40 °C or higher were treated for two additional days with the
described antibiotic mixture.

Two weeks after arrival, steers received a booster vaccination against IBR,
Pl,, BVD, BRSV, and initial vaccinations against Hemophilus somnus and Clostridial
organisms. Steers were mass medicated with oxytetracycline (10 cc/steer, 100
mg/ml oxytetracycline), checked for growth promotant implants, dehorned and
castrated as needed .

Thirty-four days prior to the initiation of the study, the medicated supplement
was removed from the diet, and replaced by a 50% CP peliet (Table 2-2), and
steers were given a 2 ml injection of Vitamin E and Selenium (Mu-SE®, Schering-
Plough Animal Health, Kenilworth, NJ). The steers were fed a 14% CP diet
consisting of 86% dry, whole-shelled corn and 14% pelleted supplement until the
initiation of the study.

One hundred and sixty eight steers (185 kg) were selected from the initial
243 animals based on breed characteristics, ADG, and health history. Eight steers
were used as an initial harvest group to determine initial tissue weights (Table A-
1a) and body composition (Table A-1b). The remaining 160 steers were divided
into four weight blocks and randomly assigned to one of four treatments (10

steersetreatment+block™*). The four treatments were:
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Table 2-2. Guaranteed analysis and ingredients of pelleted supplement®

Nutrient Guaranteed analysis

Crude protein, minimum® 50.0%
Crude fat, minimum 4%
Crude fiber, maximum 4.0%
Active drug ingredient Content

Monensin sodium 330 mg/kg
Tylosin phosphate 132 mg/kg

*Ingredients: soybean meal, calcium carbonate, urea, flash dried blood
meal, com distillers dried grains with solubles, salt, vitamin A acetate, D-activated
animal sterol (source of vitamin D,), vitamin E supplement, ethylenediamine
dihydriodide, manganous oxide, ferrous sulfate, copper sulfate, cobalt carbonate,
zinc oxide, and sodium selenite.

®Includes no more than 10.0% equivalent crude protein from non-protein
nitrogen.
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1) Control: no bST, d O to harvest Cc-C

2) Control: d 0 to 182, bST: d 183 to harvest C-bST
3) bST: d 0 to 182, Control: d 183 to harvest bST-C
4) bST: d 0 to harvest bST-bST

Steers were housed in partially covered pens (4.3 m x 11.9 m) with ad libitum
access to feed and water. The diet consisted of dry, whole-shelled corn and a
pelletéd supplement (Table 2-2); and formulated to meet or exceed NRC (1984)
requirements. During the first 182 d, steers received a 14% CP diet and a 11.5%
CP diet from d 183 to harvest, based on component analyses.

Two steers from each pen (32 steers total, 16 control, 16 bST treated) were
randomly selected for harvest when treatments were changed (intermediate
harvest). These steers received their last treatment injection on d 168 and
remained with their treatment group until d 199 when steers were transported to a
commercial-harvest facility for processing. In order to address the objective of
strategic timing of bST administration, 64 steers remained on their initial treatment
after d 182, or were switched to the opposite treatment to provide the four different
treatment groups as previously described. Steers were harvested when weight
blocks were predicted to reach 615 kg and a 31 d withdrawal period from last
treatment was observed. Blocks were harvested on d 322, 350, 364, and 377, with
final weights of 611, 609, 602, and 619 kg, respectively. The INAD required a 31
d withdrawal period from the last bST dose before cattle went to harvest.

If a steer gained (ADG) less than 50% of its pen-mates for two consecutive
weight periods (28 d), the steer was removed from the study. Thirty steers were

removed from the study. These included: 22 for gaining 50 % less than their pen
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mates, 3 for respiratory problems, 2 died, 1 was lame, 1 was not completely
castrated, and 1 was incorrectly treated prior to harvest (see Appendix A-2).

Preparation and administration of treatments. Bovine somatotropin (Lilly
Research Laboratories, Greenfield, IN) and control treatments were preloaded in
10 cc syringes and frozen till used. The carrier agent was white wax. One hour
before administration, the required number of bST and control treatments were
thawed at room temperature. Steers received a s.c. bST or control (placebo)
injection (16 gauge needle) at 14-d intervals beginning on d 0. From d 1 to 42,
injections were administered in the mid-thoracic region just caudal to the shoulder,
on alternating sides. From d 43 to harvest, treatments were given s.c. in the
perirectal area. Dosages of bST administered were 320 mg bST/injection (22.9
mg/d, lot # 48631) from d O to 112 and 640 mg bST/injection (45.7 mg/d, lot #
48632) from d 113 to harvest. The change in dosage after 112 d were as directed
by the sponsor and helped maintain the bST dose relative to BW. Control steers
received a similar volume of carrier agent as the bST treatment steers. Treatments
were administered between 0730 and 1100.

Feedlot performance. Initial, intermediate (d 182), and final weights were
calculated as the average of weights taken on two consecutive days. Interval
weights were determined every 14 d. Orts were weighed weekly to determine daily
DMI. Feed efficiency was calculated as ADG (g) divided by daily DMI (kg/d) for a
specific time period.

Skeletal growth. Skeletal growth was assessed through hip-height

measurements (Altitude Stick, NASCO, Fort Atkinson, WI) on d 0, and 1 (averaged
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for initial hip height), 181, 183 (averaged for d 182 hip height), and on two
consecutive days prior to harvest (averaged for final hip height). Skeletal growth
(cm/d) was calculated for each period (d O to 182, d 183 to harvest, and d O to
harvest) of the study.

At harvest, the right front limb was separated from the carcass proximal to
the carpo-metacarpal joint (knee), placed in a labeled-plastic bag and returned to
the Michigan State University Meat Laboratory for dissection. The hide, tendons,
ligaments, muscle, and fat were removed from the bones, and the metacarpal bone
was separated from the carpus and phalanges. The metacarpus was frozen for
future analyses. Third metacarpal bone length was determined and the bones were
sectioned at their midpoint and measurements obtained according to Coble et al.
(1971). Medial and lateral width and depth (Figure 2-1), and circumference of the
bone section were determined. Total cross-sectional area (TCA) and marrow cavity
area (MCA) were determined using a compensating polar planimeter (Keuffel and
Esser Co., Germany). Bone area was determined by difference (TCA - MCA).
Bone volume was determined by water displacement and used to calculate bone
density (g/cc).

Carcass measurements. At harvest, hot carcass (HCW), lungs, liver, spleen,
heart, kidney, and semitendinosus muscle (STMUS) were weighed. Samples of the
liver were collected from the last weight block (Block 1, lowest initial BW) to be
harvested, frozen in liquid N for mMRNA analysis and stored at -80 °C until analysis.
After a 24-h, post-harvest chill; ribeye area (REA), 12th-rib backfat, kidney-pelvic-

heart fat (KPH), marbling score, and USDA quality grade were determined.
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Figure 2-1. Lateral and medial measurements of sectioned metacarpals, and total
cross sectional area (TCA), marrow cavity area (MCA) and bone area.
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Noncarcass weight (NCW), dressing percent (DP) and yield grade were calculated.
Noncarcass weight was calculat