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ABBREVIATIONS AND NOMENCLATURE

ADG;

Average daily gain.

DES: Diethylstilbestrol - a synthetic estrogen used to improve gain and
feed efficiency in steers and wethers.
DNA: Deoxyribonucleic acid - a major component of the cell nucleus.
DNA content is used as an estimate of the number of nuclei present
in a tissue.
EDTA;
GC;

Ethylenediaminetetraacetic acid - used as a chelating agent.

Glucocorticoids, primarily Cortisol and corticosterone - secreted
by the adrenal cortex.

GH: Growth hormone (somatotrophin) - secreted by the anterior pituitary.
I: Insulin - secreted by the endocrine pancreas.
NEFA or FFA: Non-esterified fatty acids or free fatty acids.
NEg:

Net energy for gain.

That portion of the net energy of a ration,

above maintenance needs, that is available for tissue gain and
growth.
Protein-bound-iodine: An estimate of plasma thyroxine concentration.
RIA:

Radioimmunoassay.

RNA:

Ribonucleic acid.

RNA content is often used as an indicator of

protein synthetic activity of a tissue.
T3:

Triiodothyronine - a thyroid hormone.

T^: Thyroxine - a thyroid hormone.

iv

Type or biological type:

A general, relative term used to indicate

frame-size, mature size, and age at which sexual maturity is
reached.
U.S.D.A.: United States Department of Agriculture.
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INTRODUCTION
The possibility of regulating growth and composition of meat ani
mals has interested scientists for several decades. Changes in growth
rates, body composition and mature size have occurred through genetic
selection but these changes have taken many years, especially with beef
cattle. With changes in consumer preferences and market demands,
genetic change is slow to meet that demand.

Since the early 1940s or

before, scientists have attempted to regulate growth and carcass
composition nutritionally and/or with pharmaceutical products.

A very

significant breakthrough came in the early 1950s with the discovery
that diethylstilbestrol (DES), a synthetic estrogen, when given orally
or implanted subcutaneously, was effective in stimulating growth rate
and increasing the ratio of lean-to-fat in the carcasses of ruminants.
Other estrogenic compounds that are effective anabolic agents have been
developed and are currently being used by beef producers.

The intro

duction into the U.S. of several different large European breeds in
recent years has prompted a rather rapid change in the beef industry.
The standard of selection has shifted from the small-framed, early
maturing types which are predisposed to fattening at a relatively light
weight towards large-framed, late maturing types which do not begin to
accumulate body fat until reaching relatively heavy weights and which
are much leaner than the small type at the traditional slaughter weights
of 450-500 kg. A considerable amount of data has been compiled which
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clearly demonstrates that these large type cattle are superior to the
small type in pre-weaning and post-weaning growth rates but little
effort has been applied to understanding the physiological basis for
thu differences that exist between them.

It would seem logical that by

understanding the physiological bases for the large differences that
exist between these large and small type cattle we could improve our
knowledge of the factors regulating growth and development in general.
A better understanding of the regulation of growth and development in
the normal animal will benefit efforts to regulate them, either nutri
tionally or pharmacologically, in order to produce an end product
(beef) that is acceptable to the consumer and economical to produce.
The primary objective of this research was to obtain information
on the relationship of plasma hormones with growth and development.
More specifically, it was to compare plasma concentrations and secretory
patterns or profiles of several hormones, known to influence growth and
development, in steers with extreme differences in their potential for
growth, body composition at a given weight and mature size.

A secondary

objective was to evaluate the hormonal response in these different types
of steers to the anabolic effect of an estrogen, estradiol.
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REVIEW OF LITERATURE

Influence of Biological Type
The introduction of large-framed, late maturing European breeds of
cattle, such as the Charolais, Simmental, Limousin and Chianina, into
the U.S. in recent years has resulted in a rather rapid shift in U.S.
beef production away from the traditional small-framed, early maturing
type toward the larger, later maturing types.

Consumer demand has prompt

ed greater production of leaner beef and this has been facilitated by the
use of the large type imported breeds. The use and potential use of
these large breeds have prompted the need for, and interest in, research
to compare the "new" breeds with the traditional British breeds relative
to growth rate and production efficiencies.

Reports to date have been

quite conclusive that the large type cattle have faster growth rates
and produce leaner carcasses than small type cattle when fed to the same
weight, number of days on feed or to similar physiological maturities.
A very extensive Germ Plasm Evaluation Program was begun in the early
1970s by the U.S.D.A. to compare and evaluate many different breeds of
beef cattle, representing a wide range of biological types, in nearly
all phases of production. From this study it has been reported that
large type steers, such as those sired by Charolais, Simmental and
Chianina, had faster pre-weaning average daily gains (ADG) and heavier
200-day adjusted weaning weights than small type, Hereford-, Angus-, and
Jersey-sired steers (Smith et al., 1976a). The large type steers also
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had higher 180-day post-weaning ADGs and heavier 405-day weights than
the small type (Smith e^ al., 1976b) and produced leaner carcasses with
lower U.S.D.A. yield grades when adjusted to a constant age or carcass
weight or to 5% fat in the longissimus muscle (Koch e^ al., 1976).
Lipsey et al. (1978) found that even when steers of different types
were fed to the same energy efficiency endpoint of 8.0 Meal NEg per kg
gain, large type Gelbvieh and Maine-Anjou crossbreds gained faster,
had a better feed efficiency and produced leaner carcasses of similar
quality grade thati small type Hereford and Angus reciprocal cross steers.
Adams eit al. (1973) conducted a feeding trial with calves sired by
bulls of different breeds and put on feed at approximately the same age.
During the first 132 days of the trial, large type steers had faster
and more efficient ga,ins than steers of the small type breeds; however,
when all steers were fed to an estimated choice grade, there were no
major differences in ADG but the large type steers yielded carcasses
with significantly less subcutaneous fat thickness and less total fat,
as estimated by carcass density, than the small type steers.

Martin

et al. (1980) have also reported that steers sired by Simmental and
Chianina bulls grew faster and produced leaner carcasses than those
sired by Angus or Holstein bulls. These results, plus a report by
Trenkle and Grigsby (1979), would support the idea that even when large
type cattle are fed to much heavier weights (100-200 kg more) than small
type cattle, they still produce leaner carcasses.

In reviewing the

topic of beef cattle size as related to efficiency, Klosterman (1972)
concluded that when cattle with marked differences in final weight and
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rate of gain are fed to a similar degree of finish, there will be
little, if any, difference in feed efficiency.

Although most of the

data included in that review (Klosterman, 1972) would not have included
the more recently imported, very large, European breeds of cattle,
there are some results from trials including Simmental crosses (Trenkle
and Grigsby, 1979) and Simmental and Charolais crossbreds (England et
al., 1978) that would support his conclusion.

At least one trial has

been reported where small type (Angus x Hereford) steers were more
efficient than large type (Charolais) (Coady and Byers, 1978).
One can safely conclude from the literature that large, late matur
ing type cattle grow faster and produce leaner carcasses.

However,

there have been very few attempts to explain the physiological bases for
these differences.

Scott and Prior (1980) have recently reported that

the activity of the lipogenic enzyme, fatty acid synthetase, was higher
in the adipose tissue of small type than large type steers. However,
Whitehurst (1980) was unable to detect differences in adipose tissue
enzymes from two types of steers.

Results of Cianzio (1980) suggest

that the rate and pattern of fat deposition were similar in two types
of steers but that the onset of fat deposition occurred at an earlier
age and lighter weight in the small type steers. This would agree
with an earlier conclusion of Hedrick (1972) that early maturing animals
enter the fattening phase of growth at lighter weights than late matur
ing animals and have a higher proportion of fat at similar weights.
Bartlett et a^. (1980a, 1980b) have compared muscle developement
in Charolais and Angus steers at 25 and 240 days of age. Muscle fiber
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diameter was greater in Angus steers at 25 days but by 240 days of
age there was little difference between the two types. However, at
25 days of age the Charolais calves had significantly more muscle
fibers.

Guenther (1977) had earlier reported that larger type cattle

yielded a greater quantity of muscle but there was little difference
in myofiber diameter at 15 months of age between large and small type
cattle suggesting that the large cattle had a greater number of myofibezs. Trenkle et al. (1978) found no differences in DNA content or
protein:DNA in the longissimus muscle between Angus- or Charolais-sired
steers at similar slaughter weights between 110 and 510 kg. Guenther
(1977) concluded that small-scale cattle mature earlier in muscle fiber
diameter than large-scale cattle.

In man, there is a sex difference

in the rate of muscle maturity with females having a higher protein;DNA
ratio at an earlier age than males (Cheek and Hill, 1974). The reports
of Guenther (1977) and Bartlett et al. (1980a) support a conclusion by
Cheek and Hill (1974) that at maturity, most mammals have the same
muscle protein:DNA or muscle mass per nucleus.

It seems a reasonable

conclusion that a major difference in the large and small type cattle is
that the small cattle reach mature muscle size and begin fat deposition
at an earlier age and lighter weight.

The greater muscle mass observed

in the large type cattle may be the result of an inherently greater
muscle fiber number.
Trenkle and Topel (1978) have compared plasma growth hormone (GH),
insulin and glucocorticoids (GC) in Angus- and Charolois-sired steers
on different energy intakes and at different weights and found that
breed of sire had no significant effect on circulating hormone concen-
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tracions. No differences were found in plasma GH, insulin or proteinbound iodine that were related to breed (Trenkle and Irvin, 1970;
Irvin and Trenkle, 1971) but that study probably did not include
cattle with large differences in type. I am not aware of any compari
sons of plasma hormone concentrations between cattle with extreme
differences in type. One might extrapolate comparisons of bulls and
steers to the comparison of large and small types since similar dif
ferences exist.

Bulls grow faster and more efficiently than steers

(Cahill, 1964) and» at similar weights or ages, produce leaner
carcasses (Hedrick e^ al., 1969). Bulls also have higher plasma GH
concentrations than steers (Anfinson et al., 1975). In sheep, intact
rams, which grow faster and produce leaner carcasses, also have higher
GH levels than wethers (Davis et

, 1977).

It is quite probable

that the faster growth rate and leaner carcasses of the intact male
are the result of the higher GH concentrations; however, a direct
effect of testosterone cannot be ruled out, even though the evidence
would suggest that it has an indirect effect through GH rather than a
direct effect (Andrews et al., 1954; Anfinson et al., 1975). There
fore,"it is tempting to speculate that GH is at least partially
responsible for the differences that exist between cattle with large
differences in their genetic potential for growth and carcass composi
tion.
Growth Hormone
Growth hormone (GH), secreted by the anterior pituitary, is
essential for normal growth. Hypophysectomy of young animals abolishes
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growth but GH replacement stimulates growth and development (Trenkle,
1974; Talwar et

, 1975; Kostyo and Isaksson, 1977). Pituitary

dwarfism, not uncommon in man, is characterized by a GH deficiency and
treatment of hypopituitary children with human GH results in increased
growth (Daughaday e^

, 1975). Skeletal muscle comprises about 40-

45% of the total body weight in the mature mammal (Arnal, 1977), and
probably more in the young, fast growing animal, and GH has a major
influence on total growth because of its role in the regulation of
skeletal muscle metabolism. Growth of skeletal muscle includes an
increase in the number of muscle fiber nuclei (DNA content) and an in
crease in protein mass per nucleus and GH is essential to both processes.
Hypophysectomy in rats inhibits protein synthesis and accumulation of
RNA and DNA but GH replacement stimulates accretion of muscle protein,
RNA and DNA (Trenkle, 1974). Pituitary dwarfs have fewer muscle nuclei
and slightly smaller muscle size but GH therapy increases muscle nuclei
numbers to near normal levels (Cheek and Hill, 1974). Cheek et al.
(1965) demonstrated that both dwarf mice and hypophysectomized rats
have greatly reduced numbers of muscle nuclei and that GH injections
into the hypophysectomized rats stimulates DNA accretion.

Cheek and

Hill (1974) have concluded that GH is directly related to DNA repli
cation and that the role of GH in growth and accretion of tissues may
be primarily to influence the replication of DNA.

However, GH is also

important in muscle protein synthesis. GH stimulates amino acid uptake
and protein synthesis in skeletal muscle (Snipes and Kostyo, 1962;
Knobil, 1966; Kostyo, 1968).

An extensive review by Kostyo and Nutting
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(1974) supports the evidence that GH stimulates the transport of amino
acids into muscle and the incorporation of these amino acids into
skeletal muscle protein.

More recently, Flaim et al. (1978a) have re

ported a reduced rate and efficiency of protein synthesis and a
decreased concentration of RNA in muscles of hypophysectomized rats.
GH treatment restored protein synthesis primarily by improving the
efficiency of protein synthesis (protein synthesized per ribosome).
Goldberg and Griffin (1977) have also reported reduced protein synthesis
in skeletal muscle along with the reduced growth rate in hypophy
sectomized rats while GH injections increased both growth and protein
synthesis. For an exhaustive treatment of the actions of GH on skeletal
muscle and other tissues see reviews by Cheek and Hill (1974) and
Kostyo and Nutting (1974). Muscle size, or total mass, is determined by
1) the number of muscle fibers, which has been determined by, or shortly
after birth; 2) the accumulation of new muscle nuclei; and 3) the in
crease in protein mass per nucleus or protein:DNA.

At least the latter

two processes are strongly influenced by GH.
In contrast to thyroid hormones which stimulate protein breakdown
and insulin which inhibits it, GH apparently does not alter protein
breakdown.

Hypophysectomy abolishes protein degradation but GH treatment

does not influence the rate of breakdown (Goldberg and Griffin, 1977;
Flaim et

, 1978a). Goldberg eit al. (1980) have reported that treatment

of hypophysectomized rats with GH stimulates protein synthesis in
skeletal muscle but has no effect on degradation whereas treatment with
T3 stimulates both the rates of synthesis and degradation.
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In addition to its effect on protein metabolism, GH also has a
significant effect on glucose and lipid metabolism. Highly purified
bovine GH has been shown to exhibit an intrinsic lipolytic activity
(Lee eiC al«, 1974). GH increases the concentration of free fatty acids
(FFA) in the plasma of fasting animals presumably by promoting breakdo\TO of triglycerides in adipose tissue (Goodman and Schwartz, 1974).
Elevated plasma non-esterified fatty acids (NEFA) have been reported in
both fasted (Davis et al., 1970a) and fed (Davis et al., 1970b) sheep
infused with ovine GH. Hart e^ al. (1978) have attributed the high
plasma NEFA levels in high-producing, lactating dairy cows to the high
plasma GH concentrations observed.

Others have also observed a positive

correlation between plasma concentrations of GH and NEFA (Hertelendy
and Kipnis, 1973). The elevated concentrations of NEFA or FFA in plasma
are an indication of increased lipolysis in adipose tissue.

"The posi

tive association of GH with FFA concentration suggests that the hormone
may be more concerned with antagonism of glucose utilization and promo
tion of lipolysis than in regulation of anabolic metabolism" (Bassett,
1978).

It does appear from the work of Hart ejt

(1978) that in the

high-producing dairy cow, GH plays a major role in shifting energy
utilization from body tissues to the mammary gland by inhibiting glucose
uptake by body tissue and stimulating lipolysis.

Whether this is also

true for the rapidly growing, young beef steer remains to be proven.
Hyperglycemia is a typical characteristic of sheep after prolonged
GH administration (Bassett, 1978). Daily injections of GH into fasted
and fed sheep resulted in elevated plasma glucose (Davis et al., 1970a,
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1970b). In the fasted sheep, GH injection resulted in an initial fall
in plasma glucose within the first hour but then glucose levels in
creased to a maximum at about 8 hr post-injection (Davis e^ al., 1970a).
GH treatment of hypophysectomized rats for 10 days elevated blood glu
cose and reduced glucose uptake by diaphragm muscle (Davidson, 1979).
A review of the literature on the actions of growth hormone on carbohy
drate metabolism supports the hyperglycemic effect of GH in monogastric
species (Altszuler, 1974).

Goodman and Schwartz (1974) have suggested

that GH probably exerts its antilipogenic effect via its inhibition of
glucose uptake and utilization rather than by any direct action on lipogenic pathways.

Also, elevated plasma insulin concentrations normally

observed in GH treated animals (Davis et al., 1970a, 1970b; Bassett,
1978) are probably a secondary response to the elevated blood glucose
caused by GH rather than a direct GH effect on insulin secretion.
Growth hormone is secreted in bursts or pulses rather than at
constant rates resulting in a wide fluctuation of plasma concentrations
throughout the day. Terminology to describe the pattern of plasma GH
concentration has included episodic secretion (Anflnson et al., 1975),
episodic secretory patterns (Davis e^ al., 1977), pulsatile secretions
(Takeuchi et al., 1978) and secretory spikes (Anflnson et al., 1975).
These episodic or pulsatile patterns of GH have been observed in bulls
and steers (Anflnson et al., 1975), beef heifers (McAtee and Trenkle,
1971), lactatlng dairy and beef cows (Hart, National Institute for
Research in Dairying, Great Britain, private communication,1979), goats
(Hart et al., 1975), sheep (Davis et ^., 1977) and rats (Takeuchi
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, 1978; Mendel, 1980). When blood samples are taken frequently
(every 15-30 mln) via Indwelling catheters, there is some variation
from one sampling time to the next. However, during a 24 hr period,
there will be several (usually 3-10) very large, significant peaks in
GH concentration with the amplitude of these peaks or spikes being 5-10
fold greater than the more frequently observed concentrations (Anfinson
^ al., 1975; Davis et

, 1977). Davis and co-workers have been the

most active in attempting to statistically identify those secretory
spikes or peaks which are significantly greater than can be accounted
for due to normal variation (Anfinson et al., 1975; Christian et al.,
1978). There is apparently no consistent pattern in the occurrence of
these large secretory spikes nor has there been any close association
with physiological events such as changes in glucose concentration
(McAtee and Trenkle, 1971), eating or sleeping. It has been observed
that the average amplitude of the defined secretory spikes is greater in
intact bulls and rams than in steers and wethers but there are no differ
ences in the frequency at which they occur (Anfinson e^^., 1975;
Davis et

, 1977). Treatment of wethers with either testosterone

propionate or dlethylstllbestrol (DES) resulted in a slight but not
significant increase in the amplitude of the spikes. There have been
no reports comparing the GH secretory profiles of different breeds or
types of cattle. It should be stressed at this point that In order to
properly evaluate the plasma GH secretory profiles of animals, frequent
sampling over sevr ».l hours is essential and this should only be done
via indwelling catheters.
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Anabolic agents or growth proraotants such as DES, estradiol and
zearanol improve growth rate and nitrogen retention in ruminants and
result in carcasses with a higher ratio of lean-to-fat. Struempler and
Burroughs (1959) were among the first to suggest that the anabolic
actions of DES were mediated through GH stimulation. They found that
GH injections or feeding DES to lambs produced similar improvements in
nitrogen retention over controls and that feeding DES to cattle in
creased the size of the anterior pituitary gland. They postulated that
GH secretion is increased following administration of DES and that con
tinued administration of DES over long periods of time would sustain
GH hypersecretion. Davis e^ al. (1970c) have also demonstrated that
DES mimics GH treatment in lambs, including increased plasma glucose,
insulin and NEFA and Increased nitrogen retention.
Plasma GH concentrations are higher in cattle after prolonged
estrogen administration (Trenkle, 1970) and the amount of GH in the
pituitary relative to body weight is increased by estrogens (Struempler
and Burroughs, 1959). Overall and base-line concentrations of GH and
the amplitude of secretory spikes were increased in wethers treated
with DES (Davis et al., 1977). Preston (1975) and Trenkle (1976a), in
reviewing the use of estrogens in ruminants, have concluded that the
most plausible hypothesis for the mode of action of estrogens is via
increased GH secretion from the anterior pituitary. Zearanol, commer
cially known as Ralgro, has also been shown to elevate plasma GH con
centrations (Olsen et al., 1977).
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Glucocorticoids
Glucocorticoids (GO) are essential for maintenance of glucose
homeostasis since glycogen stores are limited. This role of GC may
be even more important in the ruminant which absorbs a limited quantity
of glucose from the small intestine and, therefore, relies on gluconeogenesis for a greater proportion of its glucose supply than does the
monogastric animal.

In general, GCs stimulate protein breakdown,

lipolysis and gluconeogenesis and inhibit protein synthesis and glucose
uptake by peripheral tissues. The administration of exogenous GC to
rats reduces muscle protein synthesis (Wool and Weinshelbaum, 1960;
Young, 1970). This could be either a direct effect of GC on protein
synthesis or an indirect result of impaired amino acid uptake by
skeletal muscle (Mayer and Rosen, 1977).

Growth of young animals is

depressed by exogenous GC via inhibition of DNA synthesis and the
accretion of new cells in several tissues such as skeletal and heart
muscle and liver (Loeb, 1976). Large doses of GH, which are known to
stimulate DNA synthesis and cell proliferation, do not block the sup
pressing action of GCs on DNA synthesis (Henderson and Loeb, 1974).
Since small amounts of GC hormone will cause this suppression of growth,
Loeb (1976) has suggested that physiologic levels of GC may influence
the rate of normal somatic growth by exerting a tonic suppressive
action on cell proliferation. This could also be true of the GC effect
on amino acid uptake and protein synthesis by skeletal muscle. The
relationship between GCs and growth rate and protein synthesis has been
observed in cattle by Trenkle and Topel (1978) who reported a negative
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correlation of plasma GCs with daily gain and ENA concentration in
the M. longissimus muscle. Purchas (1970) has also reported a signifi
cant negative correlation of plasma Cortisol and corticosterone con
centrations with growth rate in Holstein heifers.
In addition to their inhibition of protein and DNA synthesis, it
has generally been accepted that GC hormones also increase protein
degradation or breakdown in peripheral tissues, especially skeletal
muscle, with the released amino acids becoming available to the liver
for gluconeogenesis (Mayer and Rosen, 1977).

Martin (1976) states that

GCs are essential for mobilization of tissue proteins and transport of
derived amino acids to the liver and that GCs stimulate liver enzymes
which catalyze amino acid deamination and gluconeogenesis. However,
more recently, workers have reported that normal, physiologic concen
trations of GCs have no effect on muscle protein breakdown.

Tomas et

al. (1979), using urinary 3-methylhistidine excretion as an indicator
of muscle protein breakdown in a study of the effects of GCs in
adrenalectomized rats, concluded that normal plasma concentrations of
GCs do not regulate the rate of muscle protein breakdown, whereas
excess concentrations can accelerate protein breakdown. The apparently
conflicting results may be explained by the nutritional status of the
experimental animals.

Goldberg et

(1980) have reported opposite

effects of GCs on skeletal muscle in fed and fasted rats.

Adrenalec

tomy reduced protein breakdown and increased synthesis during fasting
as compared with intact controls suggesting that GCs are essential for
the stimulation of protein degradation in fasted animals. However,
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in the fed state, GC treatment of intact or adrenalectomlzed rats had
no effect on protein breakdown (Goldberg et al., 1980). Therefore, it
seems that plasma GCs in normal, well-fed animals may have a tonic or
chronic suppression on muscle protein synthesis and growth but that
breakdown of muscle protein is not affected until GC concentrations are
elevated to levels typical of severe stress or starvation.
Glucocorticoids also play a role in glucose and fat metabolism.
They promote mobilization of depot fat reserves through facilitation of
actions of lipolytic hormones resulting in the elevation of plasma free
fatty acids.

However, there is a compensatory elevation of plasma

insulin and glucose which in turn stimulates the utilization of short
chain fatty acids for new fat synthesis (Martin, 1976). There appears
to be (at least in man) a preferential depletion of fat from appendages
while excess fat is deposited on structures supported by the axial
skeleton (Martin, 1976). Three times weekly subcutaneous injections of
lambs with cortisone acetate increased ADG, fat thickness and percent
ether extract in the longissimus dorsi muscle (Ellington ^

, 1967)

and Increased carcass fat and ADG (Spurlock and Clegg, 1962) in both
ewe- and wether-lambs.

The increased ADG observed in these trials was

predominantly fat. Trenkle and Topel (1978) reported that plasma GC
concentrations were positively correlated with carcass fat in steers.
Hafs et al. (1971), in a review of the effects of hormones on growth and
carcass quality, concluded that in general, growth and carcass charac
teristics in ruminants appear to be influenced more by variations in
concentrations of insulin and GCs than by any other endocrine factors
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measured, which included GH and androgens. It is evident that GCs
can have a significant influence on growth rate and carcass composition
and should be considered in any study involving the physiology of
growth and development.
Glucocorticoids are secreted episodically, resulting in considerable
variation in plasma concentrations throughout the day. There was a
pulsatile secretion of corticosterone in rats sampled every 15 min via
an atrial cannulae (Takeuchi e^ al., 1978).

Bellinger ^al. (1975)

reported circadian rhythm of GC in fed and fasted rats.

Variation in

plasma GC concentrations have also been reported in cows sampled every
30 min for 24 hr (Wagner and Oxenreider, 1972). When the 24 hr was
divided into three periods, GC levels were lowest during 1800-0200 hr.
MacAdam and Eberhart (1972) observed higher GC concentrations between
0230 and 0630 and lower concentrations at 2030 hr in dairy cows.
Fluctuations in plasma GC have been reported in sheep; however, detection
of a consistent circadian rhythm has varied.

Bassett (1974) was unable

to detect any circadian rhythm or influence of feeding on plasma GCs
while Fulkerson and Tang (1979) reported a circadian rhythm with peak
values just after midnight in contrast to a circadian rhythm with highest
values at mid-morning reported by McNatty et al. (1972). Although the
exact nature of a circadian rhythm in ruminants, if any, has not been
established, it is obvious that there are significant fluctuations in
plasma GC concentrations throughout the day and, therefore, frequent or
continuous sampling is necessary to evaluate the plasma GC status of an
animal.
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Thyroid Hormones
The thyroid hormones, thyroxine (T4) and triiodothyronine (T3) are
essential for normal growth, including growth of muscle and other
tissues.

A lack of normal levels leads to a type of dwarfism, called

cretinism (Goldberg e^ al., 1980), which is characterized by severe
impairment of growth and development (Martin, 1976). "Growth in post
natal life is dependent on a euthyroid state" (Greenberg e^

, 1974).

Protein synthesis and growth are nearly abolished by thyroidectomy but
thyroxine administration stimulates both growth and protein synthesis
in skeletal muscle (Flaim e^

, 1978b). In addition, thyroxine acts

synergystically with GH to achieve optimum growth in hypophysectomized
rats (Flaim et al., 1978b; Trenkle, Dept. Animal Science, Iowa State
University, private communication, 1980), although growth was never
completely restored to the levels of intact controls.

Goldberg and

Griffin (1977) have also reported that either T^ or T3 given to hypoph
ysectomized rats stimulated growth and protein synthesis in skeletal
muscle. Trenkle and Irvin (1970) reported a significant positive
correlation between plasma protein-bound iodine at 393 days of age and
adjusted yearling weight in steers and heifers.
Normal growth involves protein synthesis as well as protein break
down or degradation, especially in skeletal muscle.

Growth occurs when

the rate of protein synthesis exceeds the rate of protein degradation.
Thyroid hormones affect both protein synthesis and degradation and per
haps are more important in regulating the catabolic process than in
their influence on the anabolic process. Thyroidectomy not only reduces
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growth and protein synthesis but also protein breakdown (Flaim e^ al.,
1978b) in skeletal muscle.

Treatment of thyroidectomized animals with

low doses of T4 stimulated growth, protein synthesis and muscle SNA con
centrations and, also, protein degradative rates (Flaim et al., 1978b).
Hypophysectomy reduces protein breakdown (Goldberg and Griffin, 1977;
Goldberg et aJ., 1980) while treatment with T4 stimulates breakdown
(Goldberg and Griffin, 1977; Flaim et al., 1978b). Since treatment
of hypophysectomized rats with GH had no effect on protein breakdown
but T4 accelerated it (Goldberg and Griffin, 1977), Goldberg et al.
(1980) have suggested that the lack of thyroid hormone was responsible
for the decreased rate of breakdown.

A comparison of high, catabolic

doses and low, anabolic doses of T4 given to rats showed that the rate
of protein synthesis was not different between the two but the rate of
degradation was significantly higher in rats receiving the high T4 doses
(Goldberg eit al., 1980).
"This stimulation of proteolysis in muscle appears to be a normal,
physiological action of thyroid hormones.»." (Goldberg et a2., 1980).
The fact that protein degradation is a normal, and Important, function
during muscle growth and hypertrophy has been alluded to by Laurent and
Millward (1980), who have suggested that total protein synthesis pro
vides proteins for normal turnover, actual growth, and "wastage"
associated with growth, which they describe as Increased protein
synthesis which does not result in net accumulation of protein.

Using

intracellular specific activity, they have calculated that of the total
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protein synthesized, wastage can account for as much as 23% of the
synthesis, normal turnover for 68% and actual growth for only 9%.
Lobley and Harris (1977) have referred to studies by Perry (1974) and
Millward et al. (1975) which indicate that in young animals, high
growth rates are accompanied by elevated rates of protein synthesis and
degradation. If those results are correct and applicable to the whole
growth phase, it would suggest that animals with faster rates of growth
would have a higher rate of protein breakdown and synthesis.

Since

and T3 stimulate protein breakdown, it seems probable that faster grow
ing animals would have high plasma concentrations of thyroid hormones.
There are no reports in the literature where thyroid hormone concen
trations have been compared in fast and slow growing animals so one can
only speculate at this point.
In addition to the direct effect of thyroid hormones on growth via
regulation of protein synthesis and catabolism, they also exert an
effect on GH secretion.

Young, hypothyroid rats weigh less and have

significantly lower serum GH concentrations than normal controls
(Burstein e^ a]^., 1979).

Thyroidectomy suppresses GH secretion in rats

but T4 replacement elevates GH secretion to normal levels (Montes e^ al.,
1977; Seo et al., 1979). Thyroidectomy of rats also abolished the
pulsatile GH bursts and reduced pituitary GH concentrations (Takeuchi
et al., 1978). In a review of the subject, Greenberg e^ al. (1974) con
cluded that the primary cause of growth retardation in hypothyroidism
or thyroidectomy is thyroid hormone deficiency, even though there was
some suggestion that the growth depression was the result of a secondary
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GH deficiency. Seo e^ al. (1979) have suggested that thyroid hormones
regulate GH synthesis.

Whether or not differences in plasma thyroid

hormone concentrations in normal animals have an influence on GH
secretion remains to be demonstrated.
The effects of anabolic agents, such as estrogens, on thyroid
hormones in the ruminant are not clearly understood and experiments to
date have yielded variable results.

According to a review by Preston

(1975), the data have been quite variable, ranging from decreased
thyroid size or no effect on thyroid size to increased metabolic rate
and increased height of thyroid epithelial cells. Tyrrell et al. (1975)
have reported that DES increased heart rate, metabolic rate and weight
gain in beef steers.

Steers implanted with Synovex-s, an implant con

taining estradiol and progesterone which stimulates ADG in steers, had
higher total and free plasma T4 than controls at 60 days, but not after
120 days (Kahl et al., 1978). Ronnel, an organophosphate insecticide
which stimulates weight gains in cattle, when fed to steers on either
limited or an ad libitum diet, improved ADG by 12% and elevated plasma
T4 concentrations by 35% but had no effect on plasma T3 (Bitman and
Rumsey, 1980). In a second trial in which ronnel was fed at different
levels, the level required to stimulate ADG elevated plasma T4 by 30%.
Their conclusion was that the positive effect of ronnel on steer growth
is related to Increased thyroid function.

In contrast to reports of

elevated plasma thyroxine by anabolic agents, Heitzman e_t

(1980)

reported that trenbalone acetate alone or in combination with estradiol
Improved ADG and significantly reduced plasma T4 and the free thyroxine
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index, suggesting the mode of action of this anabolic agent is the
hypothyroid status produced.

However, this would not agree with

depressed growth seen in hypothyroid rats and children unless T4
concentrations in the cattle were still high enough to stimulate
growth and protein synthesis.

The T4 levels were depressed by tren-

bolone acetate and estrogen but were not low enough to be considered
truly hypothyroid.

Donaldson (1977, as cited by Heitzman et al.,

1980) has also shown a depression in plasma total

of estrogen treated

sheep <
Insulin
"The accelerated transport of glucose into adipose tissue cells is
universally accepted as one of the primary metabolic effects of insulin
on this tissue" (Avruch et al., 1972). Bassett (1978) has concluded
that insulin is a major regulator of glucose disposal in the ruminant,
also.

In the monogastric animal, insulin stimulates fatty acid synthe

sis, lipogenesis and reesterification of fatty acids and inhibits
lipolysis and release of free fatty acids and glycerol from adipose
tissue (Avruch et
or NEFA.

, 1972), resulting in a reduction of plasma FFA

Therefore, the action of insulin on adipose tissue is antago

nistic to the actions of GH on that tissue.
In the ruminant, acetate is the primary precursor of fatty acid
synthesis in adipose, in contrast to glucose in the non-ruminant.
Incorporation of acetate into fatty acids iji vitro was stimulated by
insulin and glucose and insulin also increased the uptake of glucose
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(Yang and Baldwin, 1973a) indicating that insulin is important in the
regulation of lipogenesis in ruminant adipose tissue. Yang and Baldwin
(1973b) have also demonstrated that insulin inhibits fatty acid release
from isolated adipose cells and that long term insulin injection and
high-concentrate feeding depress lipolytic activities of adipose cells
from lactating cows.

Trenkle (1970) has reported that high-concentrate

feeding of beef cattle elevates plasma insulin concentrations so the
depressed lipolytic activity in high-concentrate-fed cows was most likely
the result of elevated plasma insulin.

Trenkle and Topel (1978) found a

high, positive correlation between plasma insulin concentrations and
the amount of separable fat In the carcass and the amount of etherextractable lipid in the longissimus muscle.
In lactating cows, insulin injections result in decreased blood
glucose and NEFA concentrations which is consistent with increased lipid
synthesis and reduced lipolysis in adipose tissue (Bauman, 1976).
Insulin injections also depress milk yields in cattle (Kronfeld e^ al.,
1963). Low-producing, lactating cows have significantly higher plasma
insulin and lower plasma NEFA concentrations than high-producing cows
(Hart ejt al., 1978). This would suggest that insulin stimulates
energy utilization by body tissues, i.e., adipose, and limits nutrient
availability for milk synthesis. Insulin most likely stimulates fat
synthesis and inhibits fat mobilization from adipose tissue. The net
effect of insulin on adipose tissue metabolism is an increase in lipo
genesis and reduced lipolysis, although the response in the ruminant
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is probably less than seen in the non-ruminant (Baldwin et al., 1976;
Bauman, 1976).
As mentioned elsewhere in this review, muscle growth and protein
accretion is the summation of protein synthesis and breakdown, and
insulin appears to influence both of these processes.

The significant

role of insulin in protein metabolism has been emphasized by Cahill e^
al. (1972) who have proposed that "the level of insulin is probably the
most important factor regulating protein balance in skeletal muscle."
Diabetic animals are unable to maintain normal protein metabolism and
display an accelerated rate of protein breakdown and severely depressed
protein synthesis (Wool e^ al., 1972). Normally, treatment of diabetics
with insulin increases synthesis and reduces breakdown of protein (Wool
et al., 1972), suggesting that insulin is involved in the regulation of
both protein synthesis and degradation in skeletal muscle.
As in adipose, insulin stimulates the transport of glucose into
muscle (Wool et^ al., 1972). It also stimulates the uptake of amino
acids by muscle (Snipes, 1967; Reeds et al., 1971, Wool, 1972) and
increases protein synthesis.

The stimulation of protein synthesis by

insulin is independent of the increased transport of amino acids or
glucose (Wool et al., 1972). Diabetic animals displayed a three-fold
decline in amino acid incorporation into skeletal muscle protein but
insulin administration only five minutes prior to sacrifice resulted
in rates of amino acid incorporation equal to normal animals (Wool and
Cavicchi, 1967), suggesting that insulin acts directly on muscle ribosomes to influence the efficiency of protein synthesis.

Hider e^ al.
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(1971) observed an Increased incorporation of amino acids into skeletal
muscle from hypophysectomized rats

vitro in the presence of insulin.

Insulin alone stimulated protein synthesis and also inhibited pro
tein degradation in rat diaphragm. The effects were even greater in
the presence of glucose (Fulks e^ al., 1975). Insulin inhibited the
release of amino acids from perfused heart and skeletal muscle and
reduced protein degradation by 50% and 20% in heart and skeletal muscle,
respectively (Jefferson et al., 1974).

Cahill et al. (1972) and Goldberg

et al. (1980) have concluded that insulin is important in inhibiting
muscle protein breakdown.

Thorough reviews of the actions of insulin

on protein metabolism have been compiled by Cahill et al. (1972) and
Wool et

(1972).

Estrogenic treatment of steers and wethers usually elevates plasma
insulin concentrations. Davis et al. (1970c) observed elevated plasma
insulin during DES treatment of lambs, similar to that seen with GH
treatment (Wallace and Bassett, 1966; Davis et al., 1970b).

Steers and

heifers fed DES have higher plasma insulin levels than controls (Trenkle,
1970). The response of plasma insulin to estrogens may be the result of
increased glucose concentrations typical of estrogen and GH treated
ruminants.
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Summary
Large-framed, late maturing type cattle, such as Simmental,
Charolais and Chianina crossbreds, have faster growth rates and, at
similar weights or ages, produce leaner carcasses than small-framed,
early maturing type cattle.

Very little is known about the physio

logical bases for these differences.

There is some evidence which

indicates that large type cattle have more muscle fibers and that
small type cattle begin fat deposition at an earlier age and lighter
weight. Hormones that influence growth and body composition include
GH, insulin, GCs and thyroid hormones. GH stimulates accumulation of
DNA, promotes protein synthesis in skeletal muscle and has a lipolytic
action on adipose tissue. Bulls and rams, which grow faster and are
much leaner, have higher plasma GH concentrations than steers and
wethers.

Exogenous estrogens, which improve ADG in steers, increase

GH secretion.

Insulin also stimulates protein synthesis in skeletal

muscle and has been shown to inhibit breakdown of skeletal muscle
protein. In contrast to GH, insulin stimulates fat synthesis and in
hibits lipolysis in adipose tissue.

Plasma insulin concentrations

have a positive correlation with carcass lipid content. Plasma GCs
also have a positive correlation with carcass fat. Daily injections
of GCs into growing lambs increased fat deposition significantly.
The effect of GCs on protein turnover is unclear; however, it appears
that GCs increase protein breakdown in starved or fasted animals but
have little effect in well-fed animais.

Thyroid hormones affect both
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synthesis and breakdown of muscle protein.

Recent evidence suggests

that thyroid hormones are the principal cause of normal protein
breakdown in skeletal muscle. There are conflicting reports on the
influence of anabolic compounds on plasma thyroxine concentrations.
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MATERIALS AND METHODS

Trial 1
Large, medium and small type steers were represented by 4 each
of 3/4 Simmental, 3/4 Limousin and small-framed Angus steers, respec
tively. The Simmental and Limousin steers were purchased from a
commerical seed-stock producer and their parentage, date of birth,
adjusted weaning weights and weight per day of age were known.

Their

average age at the beginning of the trial was about 11 months.

The

Angus steers were purchased through a livestock auction and were esti
mated to be approximately the same age as the Limousin and Simmental
steers.

All steers were fed the same ration (Table 1) throughout the

trial. The steers were trained to lead and accustomed to frequent
handling and then were transferred to indoor facilities maintained at
16-18 C. They were penned by type, group-fed ad libitum, twice daily,
and frequently handled.

Average weight for the large, medium and

small type steers was 373, 318 and 284 kg, respectively, at the beginn
ing of the trial and 452, 387 and 337 kg at the end of the trial.
At least one week prior to the day of sampling, steers were either
put in metabolism crates or in individual pens.

They had access to

feed and water at all times prior to and throughout the sampling period.
Jugular catheters were Inserted the day before sampling (see Appendix A
for details).

On the sampling day, 10 ml blood samples were taken, via

the catheter, every 20 min for 24 hr beginning at 0800 and ending at
0800 the following morning. The samples were transferred to plastic
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Table 1.

Composition of diet fed throughout trials 1 and 2

Ingredient
Ground corn
Ground corn cob
Soybean meal
Molasses
Urea
Dicalcium phosphate
Limestone, grnd
Iodized salt
Trace minerals
Vitamin A®

International
feed number

% of diet (as fed)

4-02-931
1-02-781
5-04-604
4-04-696
5-05-070
6-01-080

6-02-632

^Carried in SBM and containing 4.4 million lU/kg.

51.2
30.0
7.5
10.0
0.24
0.35
0.35
0.21
0.06
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centrifuge tubes and centrifuged immediately in a clinical centrifuge
(International Equipment Co., Needham Heights, MA). Plasma was
transferred to duplicate 4 ml autoanalyzer cups, capped, frozen and
stored at -20 C until analyzed for the various hormones. If catheters
became plugged, new catheters were immediately inserted in the opposite
vein and sampling continued.
In order to evaluate the hormonal response to exogenous estrogens,
each steer was sampled for a 24-hr period prior to and 30 days after
being implanted with an estradiol implant. The implant used was a solid,
silicone rubber, removable implant of which the outer layer was impreg
nated with estradiol-17B. It is intended as a slow-release product to
be marketed under the trade name 'Compudose' (Eli Lilly and Co., Indian
apolis, IN ) if approved by the Federal Drug Administration. The
efficacy of this product in stimulating growth in steers has been re
ported by several workers (Carroll et al., 1979; Mies et al., 1979;
Wagner et al., 1979; Utley et al., 1980). It was implanted subcutaneously in the ear.
Trial 2
Only large and small type steers were compared in trial 2.

Large

type steers were 3/4 Simmentals similar to those used in trial 1. Small
type was represented by Angus steers obtained from an Iowa State Univer
sity breeding project which had been selected for small size. These
small steers had been early weaned at 45 days of age and fed a moderateenergy ration and, even though they were maintained as intact males, had
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accumulated a considerable amount of fat by 8 months of age. The
Simmental had also been intact males until shortly after weaning but
were still very lean at 8 months of age.

All steers had been castrated

after arrival at the beef nutrition farm at 8 months of age and were
10 months old at the time of sampling.

Average weights at the time of

sampling were 318 and 321 kg for small and large type steers, respec
tively. Five steers of each type were used.
Ration and handling were similar to trial 1 except that steers
were maintained in outside lots at the beef nutrition farm.

Two days

prior to sampling, steers were moved to different lots and were left
tied during the day in the area to be used during sampling.

Catheters

were inserted the day prior to sampling; however, new catheters had to
be inserted in five of the ten steers on the morning of sampling.
Steers were fed and consumed 3.6 kg of feed at 0700 and then tied up
at 0830.

Sampling began at 1300 and samples were collected every 20 min

for 11 hr. The catheter in one small type steer became plugged soon
after sampling had begun and the animal was removed from the trial.
Blood samples were centrifuged immediately, plasma transferred to 4 ml
autoanalyzer cups and placed on ice until they could b6 frozen and
stored at -20 C until analyzed.
Analytical Procedures
Insulin and GH were assayed in every plasma sample from both trials.
GH concentrations were determined using the radioimmunoassay procedure
of Trenkle (1976b) except that a suspension of talc in pH 7.4 acetate-
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barbital buffer was used in place of dextran-coated charcoal for the
separation of bound and free hormone. Briefly, antibodies to bovine
GH were incubated with bovine GH standards or plasma samples in
triplicate at 4 C for 24 hr.

lodinated ovine GH was added to each tube

and incubated another 24 hr at 4 C after which 0.25 ml normal bovine
plasma and 1.5 ml of talc suspension were added and mixed thoroughly
with a vortex mixer. Following a 2-hr incubation at 4 C, the samples
were centrifuged at approximately 4000 x g, the supernatant aspirated
and the sediment containing the unbound labelled hormone counted in an
automatic gamma counter.

A similar procedure (Trenkle, 1972) was used

to measure plasma insulin concentrations.

Total GCs were measured in

samples taken every two hr (trial 1) or in pooled samples (trial 2) by
a modification of the competitive protein binding method (Murphy, 1967).
Details of this procedure are given in Appendix B. Plasma total T4 and
T3 were assayed in pooled samples, in duplicate, using commercial radio
immunoassay kits (Amerlex, Amersham, Arlington Heights, II) specific
for T4 or T3.

Concentrations of all hormones were expressed as ng/ml

plasma.
Statistical Analysis
Statistical analysis was done using the Statistical Analysis System
(SAS, 1979) and the Iowa State University Computation Center.

Overall

treatment effects were determined by F tests from the analysis of vari
ance (Steel and Torrie, 1960). Paired treatment comparisons were made
using least significant differences of least-squares means.

Growth
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hormone secretory spikes were determined by use of a computer program
compiled by Dr. Edward Christian, Dairy Science Department, Ohio State
University. The statistical basis for this analysis has been described
by Christian et al. (1978).

Briefly, the skewness coefficient test is

employed to partition observations (GH concentrations from sequential
plasma samples of each animal) into two subgroups.

The first subgroup,

referred to as inliers, is those observations which constitute the
normal, random variation expected among samples.

It is assumed that

the inliers do not deviate significantly from a normal distribution.
This subgroup is considered as the baseline population and is used to
determine the baseline mean hormone concentration.

The second subgroup

consists of observations with abnormally high concentrations which occur
in a random manner.

They deviate significantly from the normal distri

bution and are referred to as outliers.
hormone secretory spikes.

These outliers constitute the

If one observation is an outlier, it is

considered as a separate secretory spike.

If more than one sequential

observations are outliers, they are considered collectively as one
secretory spike and the peak concentration is used in the calculation
of the mean amplitude of all secretory spikes in the set of observations.
Analysis of variance was used to determine treatment differences in the
number and mean amplitude of GH secretory spikes.
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RESULTS AND DISCUSSION

Plasma concentrations of GH, insulin, GCs and thyroid hormones
were measured in steers with different potentials for growth rate and
body composition, i.e., large, medium and small type.

Blood samples

were collected from each steer via a jugular catheter every 20 min for
a 24 hr period prior to and 30 days after they were implanted with a
removable estradiol implant. The effects of type and estradiol implant
on circulating hormone concentrations and profiles were evaluated.
Time-sequence concentrations of GH were evaluated for each 24-hr
period (trial 1) by a statistical program which identifies significant
secretory spikes. The number and amplitude of these secretory spikes,
the baseline mean and the overall mean concentrations were compared.
The overall mean 24-hr plasma GH concentrations for each animal in
trial 1 are shown in Table 2. Treatment means of each of the hormones
measured in trial 1 are given in Table 5. Large type steers had
significantly higher (P=.03) overall mean GH concentrations than small
or medium types, both prior to and after Implanting estradiol.

There

were no differences between the small and medium types. These data
agree with a recent report (Ohlson et al., 1980) in which Slmmental
bulls at 251 days of age had significantly higher mean GH concentrations
than Hereford bulls 239 days of age (5.2 vs 3.5 ng/ml). The absolute
concentrations from the present study are also comparable to the values
they obtained and to values reported by Anfinson et al. (1975) In bulls
and steers.

Mean GH concentrations across all types were elevated by
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Table 2. Twenty-four-hour mean plasma GH concentrations in steers
of different types with and without estradiol implantsa

Treatment
Type

Steer number^

Control

Implanted

Small

1
2
3
4
Mean

2.7
1.6
3.2
2.4
2.5

3.7
5.5
3.2
3.4
4.0

Medium

5
6
7
8
Mean

3.0
2.5
2.0
2.7
2.6

5.0
3.2
3.6
3.0
3.7

Large

9
10
11
12
Mean

6.5
3.8
1.8
7.0
4.8

6.9
6.4
4.4
7.1
6.2

^Concentration expressed as ng/inl plasma.
^Twenty-four-hour GH profiles of each steer are shown in
Figures C.1-C.23, Appendix C, and correspond to the steer
number.
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the estradiol implants (P=.02). This agrees with the majority of the
results in the literature relating the effects of estrogens on GH and
supports the premise that the mode of action of estrogenic compounds
in stimulating growth rates in ruminants is through increased GH
secretion (Preston, 1975; Trenkle, 1976a). In a feedlot trial com
paring growth rates of large and small type steers (Trenkle and
Grigsby, 1979), the growth response to estradiol implants was much
greater in small than in large type steers (18.8% vs 6.2% increase in
ADG).

The average increase in GH concentration due to estradiol was

similar in large and small type steers in the present study and, there
fore, does not explain the difference in growth response observed in
the feeding trial.
The baseline mean and the number and mean amplitude of GH secre
tory spikes from trial 1 are shown in Table 3. Twenty-four-hour
profiles of GH are shown in Figures C.1-C.23, Appendix C. The baseline
means, which correspond closely (r=.95, P=.0001) with the overall mean
GH concentrations, were highest In the large type steers (P=.03) and
were increased by estradiol implants (P=.02). It is obvious from exami
nation of the secretory profiles that GH was secreted in bursts or
pulses and that there was significant variation in plasma GH concen
trations throughout the day. The number of secretory spikes was
quite variable among animals and there were no statistically signifi
cant differences due to type or implant.

Across all treatments, the

average frequency of GH secretory spikes was 4.2/24 hr. There was a
great deal of variability in the amplitude of secretory spikes and no
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Table 3.

Least squares means of GH parameters in steers by type and
estradiol implant

Treatment

Type

Mean GH concentration
Overall^
Baseline^

Secretory spikes
Number Mean amplitude^

Control

Small
Medium
Large

2.5
2.6
4.8

2.1
2.4
3.3

3.8
2.8
2.8

7.2
12.3
16.2

Implanted

Small
Medium
Large

4.0
3.7
6.2

3.1
3.2
4.9

6.2
4.8
4.5

8.6
7.3
12.9

0.48

0.43

1.4

3.3

SEM^

^Concentrations expressed as ng/ml plasma.
^Standard error of the means.
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treatment differences approached statistical significance.

However,

from observations of the GH secretory profiles it appears that, in
general, the amplitude of the secretory spikes was greater in the
large type steers and that the high GH concentration during these
secretory episodes was maintained for a longer period of time which
would suggest that the total amount of GH secreted during a secretory
episode tended to be greater in the large type steers.

These ob

served differences are comparable to those between intact and castrate
males where the amplitude of the secretory spikes was greater in the
intact male (Anfinson ejt

, 1975; Davis e^ al., 1977). Davis et al.

(1977) reported that daily subcutaneous injections of DES into wethers
for 23 days resulted in elevated spikes, although the increase in
amplitude of the spike was not statistically significant.

In the pre

sent experiment, estradiol implants had no effect on the amplitude of
the secretory spikes.
In trial 2, overall mean GH concentrations were slightly but not
significantly greater in large type steers. Mean values are given in
Table 6. GH secretory profiles were similar to those observed in
trial 1 with the variation in plasma concentrations being greater in
the large type steers. Because blood samples were taken over a shorter
period of time in trial 2, the data could not be analyzed for the number
and amplitude of secretory spikes, however, it is apparent from observa
tion of the profiles (examples are given in Figures D.1-D.6, Appendix D)
that the amplitude and width of the peaks were greater in the large
than in the small type steers.

In both trials, there were no trends to

suggest any diurnal pattern in GH concentrations nor in the number or
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amplitude of secretory spikes.

When GH concentrations were averaged

within 4- or 6-hr periods (trial 1) there were no differences due to
time of day.

Secretory episodes occurred randomly with no apparent

pattern.
In general, the large type steers used in this experiment had
higher overall and baseline mean GH concentrations than the small or
medium type steers and the average amplitude of the secretory spikes
was apparently, but not significantly, greater in the large type.
The differences in GH concentrations are probably biologically, as
well as statistically, significant.

Differences between steer types

were similar to those observed between bulls and steers (Anfinson e^
al., 1975) and between control and DES treated wethers (Davis^al.,
1977).

Since bulls grow faster and are leaner than steers and DES

stimulates growth rate and produces leaner carcasses in castrates, it
seems reasonable and probable that differences in GH concentrations
are, at least in part, responsible for the differences in growth rate
and body composition observed between large and small type steers.
The physiological significance of the secretory spikes remains to be
determined.

It is possible that these periodically high GH concentra

tions are responsible for stimulating amino acid uptake, protein
synthesis, lipolysis, etc., and that there is a residual effect result
ing in prolonged action of the hormone until the next secretory spike.
If this were true, then the greater the amplitude of the secretory
tipikes, the greater the tissue response.

Therefore, animals which had

higher rates of growth and protein synthesis, e.g.. Intact males and
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large type cattle, would be expected to have larger secretory spikes,
and vice-versa, which appears to be true. However, attributing a
major physiological function to the secretory episodes does not explain
the observed small spikes in the Limousin steers which are very lean
and muscular nor does it explain the results that estradiol had no
effect on the secretory spikes even though estrogens are known to stimu
late growth and protein deposition in steers.
Baseline and overall mean concentrations of GH were higher in the
large type steers and were elevated by estradiol implants.

Therefore,

it seems more reasonable that the physiologically important parameter of
GH status is either the overall or baseline concentration.

Higher con

centrations of GH presented to the target tissues continuously may
result in greater protein synthesis in skeletal muscle and inhibition of
llpogenesis and stimulation of llpolysis in adipose tissue.

Elevating

the overall concentration of GH with estrogens would then elicit a
greater tissue response.

However, there may be a maximum concentration

of GH to which the tissues can respond.

This would help explain the

small growth response to estradiol by large type steers reported by
Trenkle and Grigsby (1979). Although estradiol elevates overall and
baseline GH concentrations in large type steers, perhaps the tissues
are unable to respond since GH concentrations are already high, whereas
the normal concentrations are low in small type cattle and they are
able to respond to higher concentrations. This may also help explain
the general lack of response to exogenous estrogens by Intact males
which already have high circulating GH concentrations. The response to
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elevated GH concentrations with exogenous estrogens may involve the
number and/or affinity of GH receptors but the current lack of infor
mation on GH receptors, especially in ruminants, limits one to mere
speculation at this time.
Insulin concentrations were measured in plasma samples taken
every 20 min for a 24-hr period in trial 1 and an 11-hr period in
trial 2.

Overall mean plasma insulin concentrations prior to and

after estradiol treatment (trial 1) are shown in Tables 4 and 5.
Plasma insulin concentrations were higher (P <.01) in small type than
in either medium or large type steers without implants with no signifi
cant difference between medium and large type steers (P=.16). Insulin
concentrations in the large and medium type steers in trial 1 were
similar to those reported In fed wethers (Trenkle, 1976b), steers and
heifers (Trenkle and Irvin, 1970) and in young bulls (Martin et al.,
1979). The insulin concentrations observed in the small type steers
were higher than most values reported In the literature. However, it
must be remembered that few experimenters have utilized frequent samp
ling techniques with animals fed ad libitum.

There are no data in the

literature where insulin concentrations have been compared in different
types of steers, except that of Trenkle and Topel (1978) who found no
differences in plasma Insulin concentrations in Charolals- and Angussired steers.

Hart et al. (1978) have reported that insulin concentra

tions are significantly higher in low-producing than in high-producing
lactating cows suggesting that high Insulin concentrations stimulate
nutrient uptake by adipose tissue, leaving less available for milk
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Table 4. Twenty-four-hour mean plasma insulin concentrations in
steers of different type with and without estradiol
implants*

Treatment
Type

Steer number^

Control

Implanted

Small

1
2
3
4
Mean

2.7
2.3
1.6
1.6
2.0

2.1
2.2
1.7
1.3
1.8

Medium

5
6
7
8
Mean

1.4
1.4
1.4
1.2
1.4

1.1
1.7
0.9
1.5
1.3

Large

9
10
11
12
Mean

1.3
1.0
1.1
0.8
1.0

1.4
1.2
1.5
1.9
1.5

^Concentration expressed as ng/ml plasma.
^Twenty-four-hour insulin profiles of each steer are shown
in Figures C.1-C.23, Appendix C, and correspond to the steer
number.
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Table 5. Mean hormone concentrations in steers by type
and implant from trial 1^

Type

GH

I

Hormone
GC

T4

Control

Small
Medium
Large

2.5
2.6
4.8

2.0
1.4
1.0

10.4
13.4
9.0

72.5
70.5
81.0

1.75
1.22
1.52

Implanted

Small
Medium
Large

4.0
3.7
6.2

1.8
1.3
1.5

10.4
6.5
7.1

75.2
65.5
75.0

1.88
1.46
1.40

0.48

0.14

Treatment

SEM^

1.91

^Concentrations are expressed as ng/ml plasma.
^Standard error of the means.

4.86

0.11
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Table 6.

Mean plasma hormone concentrations in steers
of different type from trial 2^

Type
Hormone

Small

Large

GH

5.0 ± 0.9b

6.4 ± 0.8

I

0.39 ± 0.04

0.33 ± 0.04

GC

9.2 ±

8.4 ± 0.9

1.0

57.5 + 4.1*

T4

1.42 ±

T3

0.08

71.2 ± 3.7
1.70 i 0.09

^Concentrations expressed as ng/ml plasma.
^Means - standard error.
*Probability of difference between types (P<.05).
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synthesis.

In the present experiment, it appears that high insulin

concentrations in the small type steers were stimulating nutrient
utilization by adipose tissue and lipogenesis resulting in greater
fat deposition at a lighter weight.
Across all types, estradiol had no effect on plasma insulin con
centrations. However, there was a type x implant interaction (P=.09)
with Insulin in the large type steers being elevated by estradiol.

As

a result, thirty days after being implanted, insulin concentrations
were higher in small than medium type steers (P=.02) and concentrations
in the large type were intermediate and not significantly different
from either the small (P=.13) or medium (P=.33) type steers. Previous
reports have shown that DES treatment elevates plasma insulin (Davis et
al., 1970c; Trenkle, 1970) similar to GH treatment (Davis et al., 1970b).
This elevated plasma insulin has generally been attributed to a secon
dary response to higher GH concentrations rather than a direct effect of
estrogens on the endocrine pancreas. There is no apparent explanation
for the lack of response to estradiol in small and medium type steers
in the present experiment.

Perhaps it was due to the short time period

between implanting and sampling. Davis e^

(1970c) observed con

siderable daily variation in plasma insulin with daily injections of
DES into lambs and the insulin concentrations were not different than
controls after 28-30 days of treatment.

However, they were only sampling

one time per day by venipuncture.
There was some fluctuation in insulin concentration throughout a
24-hr period but no consistent pattern was observed and there was no

46

evidence of episodic secretory bursts. Profiles of the 24-hr periods
are shown in Figures C.1-C.23, Appendix C.
Insulin concentrations in trial 2 are shown in Table 6. They
were considerably lower than in trial 1 and there was no statistical
difference between large and small type steers although the mean con
centrations in the small type was approximately 20% higher than in the
large type.

The only explanation available for the lower concentra

tions and smaller differences is that the steers in trial 2 were in a
partially fasted state. They had consumed a small meal approximately
6 hr prior to initiation of sampling and then were without feed through
out the sampling period of 11 hr while steers in trial 1 were fed and
consumed feed just prior to the first sample and throughout the 24-hr
period.

Insulin concentrations in trial 2 were similar to those ob

served in fasted wethers (Davis e^

, 1970a; Trenkle, 1976b).

Assuming the results from the first trial to be a more accurate
estimate of insulin concentrations under normal feeding conditions, it
is apparent that small, early maturing type steers have higher circu
lating insulin concentrations than large type steers. This is an
anticipated result in view of the facts that ; 1) insulin enhances
fat deposition by stimulating fatty acid synthesis and inhibiting
lipolysis; and 2) small type cattle are known to be predisposed to
accumulating fat at a relatively light weight and early age.

Therefore,

it seems the high insulin concentrations may be responsible for in
creased deposition of fat at earlier ages in the small type cattle.
This is aided by the low GH concentrations in these cattle.

In contrast.
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the low insulin and high GH concentrations in the large type cattle
allow them to reach heavier weights before there is appreciable
accumulation of fat. The influence of insulin on adipose tissue and
the differences in body composition observed between large and small
type steers would suggest that the differences observed in insulin
concentration were physiologically significant, in addition to being
statistically significant.

Cianzio (1980) has suggested that the

primary difference in fat deposition between large and small type
steers is that fat accretion begins at an earlier age and/or lighter
weight in the small type steers. These results would support his
conclusion.
Correlations between insulin and GH concentrations were run on
the overall means from trials 1 and 2, on each set of values from a
24-hr period and on a collation of 10 randomly selected sets of data
(716 paired observations) from trial 1. There was a small, but consis
tent, negative correlation between plasma insulin and GH concentrations.
In the combined data sets (n=716) the correlation coefficient was -.109
(P=.004). The average correlation coefficient from 22 data sets
(approximately 1570 paried observations) was -.156. Correlation co
efficients on the overall means were -.309 (P=.14) from trial 1 and
-.82 (P=.006) from trial 2.

Negative correlations between plasma

insulin and GH concentrations have also been reported by Trenkle and
Topel (1978) and Blom et al.(1976).

This consistent negative correla

tion suggests a trend toward opposite changes in plasma concentrations
of GH and insulin throughout a 24-hr period. This agrees with the
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observation of Blom e^ al. (1976) that insulin concentrations were
at their minimum during GH secretory bursts and rose when GH concen
trations returned to basal levels.
Total glucocorticoids (GC) were measured by competitive protein
binding in plasma samples taken every two hr over a 24-hr period in
trial 1, e.g., 0820, 1020, 1220, • • • 0620.

Values in trial 2 were

obtained from a composite of all samples taken every 20 min over an
11-hr period.

Overall mean concentrations of GCs from trial 1 are

shown in Table 5 and from trial 2 in Table 6. There were no statisti
cal differences due to type (P >.20) in either trial although in both
trials GC concentrations were slightly higher in small, than in large
type steers. The highest treatment mean in trial 1 was for the medium
type steers prior to implanting, which was primarily the result of a
very high average concentration (21.4 ng/ml) in steer 7. Plasma con
centration in this steer was elevated throughout the 24-hr period but
there was no observable stress, injury or sickness which might help
explain this observation. Trenkle and Topel (1978) found no differences
in Cortisol concentrations between Angus- and Charolais-sired steers
and the concentrations they reported were considerably lower than those
of the present study.

However, they measured only Cortisol, as opposed

to total GCs in the present study, and they only measured concentra
tions in two samples from each animal taken within one hr in contrast
to many samples over 11 or 24 hr in the present experiment. The mean
values obtained from the current trials (6-14 ng/ml) are comparable to
those reported in unstressed sheep (1-10 ng/ml) by Bassett and Hinks
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(1969) and dairy cows and calves (4-7 ng/ml) by Whipp and Lyon (1970).
injections of insulin elevated plasma Cortisol several fold in
sheep (Bassett and Hinks, 1969) and daily injections of Cortisol into
growing lambs produced fatter carcasses (Ellington, e^

, 1967).

In addition, plasma Cortisol concentration has been shown to be posi
tively correlated to carcass lipid content in cattle (Trenkle and
Topel, 1978). Therefore, it should be anticipated that small type
cattle which have high insulin concentrations and a propensity to
fatten at lighter weights should also have higher plasma concentrations
of GCs than large type steers which have low insulin concentrations and
the potential for producing leaner carcasses. Plasma GCs have also
been shown to have a negative relationship to growth rate (Purchas,
1970; Trenkle and Topel, 1978). Therefore, one would expect large type
steers, which have faster growth rates, to have lower GC concentrations
than small type steers.

Although differences in GC concentration due

to type were not statistically different in the present experiment, the
trends do fit with expected results.

Loeb (1976) has suggested that

even small, physiological levels of GCs depress growth, at least in
man and lab animals.

If this was also true in cattle, then the small

differences seen between types might have a physiological influence,
i.e., slightly higher concentrations of GCs in small type steers might
play a role in depressing gains and increasing fat deposition.
Overall, estradiol implants tended to reduce plasma GC concentra
tions (P=.096). However, the effect was only statistically significant
in the medium type steers (P=.032). The high GC concentrations
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observed in steer 7 before implanting may be partly responsible for
the significant effect in the medium type although there was a con
sistent reduction of plasma GCs in all the medium type steers.
Three of the large type steers had lower GC concentrations 30 days
after being implanted but one exhibited a marked elevation in GC
concentration due to estradiol; therefore, there was not a signifi
cant effect of implant on the large type steers (P=.51). The
variable response of plasma GC concentration to estradiol implants is
not readily explainable and there are few published data with which
the results can be compared.

Hafs e^ al. (1971) reported that MGA

(melengestrol acetate), a synthetic progestin, reduced plasma Cortisol
and corticosterone in heifers;

however, the concentrations they

reported are several-fold higher than other published data (Bassett
and Hinks, 1969; Whipp and Lyon, 1970), The effects of estrogens on
adrenal weight have also been too variable (Preston, 1975) to draw any
conclusions. The results of the present experiment are inconclusive
as to the effects of estradiol implants on plasma GC concentration and
only indicate that more trials with larger numbers be conducted to
help determine the answer.
There was considerable variation in plasma GC concentration
throughout a 24-hr period as shown in Figures E.1-E.8, Appendix E.
Concentrations of individual samples ranged from approximately 2 to
36 ng/ml. There was no apparent influence of type or estradiol implant
on the amount of variation or maximum concentration over a 24-hr period.
Similar variability has been observed in sheep (Fulkerson and Tang,
1979) which gives support to the necessity of frequent, multiple
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sampling techniques in the study of plasma concentrations of GCs.
Plasma thyroxine (T4) and triiodothyronine (T3) were measured
by RIA in pooled samples of each animal from trials 1 and 2.
concentrations of T4 and T3 are given in Tables 5 and 6.

Mean

There

were no differences in plasma T4 due to type or implant that even
approached significance in trial 1.

However, in trial 2, T4 concen

trations were higher (P=.04) in large than in small type steers.
There were significant differences in T3 concentrations due to type
in both trial 1 (P=.02) and 2 (P=.06) but the results were opposite
in the two trials.

In trial 1, the order of Tg concentration prior

to implanting was small type >large type > medium type.

Thirty days

after estradiol implanting the T3 concentration was still highest in
the small type steers but there was no difference between the large
and medium types.

In trial 2, T3 concentration was higher in the

large than in the small type steers. There is no apparent explana
tion for the different results obtained in the two trials.

Since the

assays were done on pooled samples and, therefore, only one sample
per animal was done in duplicate and since the differences were small
numerically, especially with T3, it is possible the observed differ
ences were not real but merely artifacts of the assay.

However,

there were no indications that the assay was not giving a valid
estimate of T3 and T4 concentrations although it was not extensively
verified in our lab. Differences in the nutritional status could be
responsible for the observed differences between the two trials,
however, the author is not familiar with the influence of nutrition on
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the thyroid hormone status in cattle and there is little, if any,
published information.
In view of the limited amount of data from which it has been
proposed that 1) turnover of skeletal muscle protein is higher in
fast growing animals (at least in very young, rapidly growing ani
mals) (Lobley and Harris, 1977), and 2) muscle protein turnover is
regulated primarily by thyroid hormones (Goldberg et éd., 1980),
it was anticipated that large type steers with faster growth rates
would have a higher rate of protein turnover and, therefore, higher
plasma concentrations of thyroid hormones. However, there was no
support for this hypothesis from the present experiment. Urine sam
ples were collected in trial 1 and, when the methodology is avail
able for analysis of urinary 3-methylhistidine by high performance
liquid chromatography, it will be used to estimate muscle protein
turnover.
There were no significant effects of estradiol Implants on
either

or T3 concentrations in any of the steer types.

The effects

of anabolic compounds on thyroid hormone status of cattle reported in
the literature have been variable.

Kahl £t a^. (1978) have shown that

Synovex—S, an estradiol-progesterone implant, elevated plasma total
and free T4 after 60 days but the effect did not exist after 120 days.
Ronnel, an organophosphate which stimulates ADG when fed, reportedly
elevates plasma T^ concentrations 30-35% (Bitman and Rumsey, 1980).
In contrast, Heitzman e^
T4

(1980) have observed a reduction in plasma

by trenbalone acetate and estradiol given separately or in combina-
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tion.
plasma

Our results indicate no influence of exogenous estrogens on
or T3. It is obvious that more work needs to be done to

understand the influence of estrogens on the thyroid status of
ruminants. Perhaps one factor which may be important in future
studies is to consider the age or stage of maturity of the experi
mental animals. Thyroxine levels are apparently higher in young than
in older animals; therefore, the response to estrogens might be
influenced by age.
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GENERAL DISCUSSION

It has been well-documented that crossbred steers of predominantly
large European breeds have higher growth rates and/or produce carcasses
that are much leaner at given weights than traditional, small type
steers of predominantly Hereford and Angus breeding. The objective of
this experiment was to try to understand the physiological bases for
these differences by evaluating the endocrine status of different types
of steers.

In general, large type steers of Simmental breeding had

higher plasma GH and lower insulin concentrations than small type steers
of Angus breeding.

Limousin steers, which were intermediate in size

but more muscular than either the large or small types, had plasma GH
concentrations similar to the small type but insulin concentrations
similar to the large type steers.

Estradiol implants elevated plasma

GH in all steers while insulin was elevated in the large type steers
only.
GH is known to be essential for normal growth and the stimulatory
effect of exogenous estrogens on steer weight gains is generally agreed
to be the result of increased GH secretion.

Therefore, it seems quite

probable that the higher GH concentration in the large type steers is
at least partly responsible for the higher growth rates. GH also has
a strong lipolytic action on adipose tissue while insulin inhibits
lipolysis and stimulates lipogenesis.

The large type steers' potential

to grow to heavier weights before significant fat accretion begins
might be attributed to the combination of high GH and low insulin con
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centrations.

In contrast, the small type steers' propensity to fat

deposition at relatively light weights might be attributed to the
high insulin and low GH concentrations. Limousin appear to be some
what unique.

Although they are usually considered as a large breed,

a report by Smith et al. (1976b) shows that Limousin-sired steers
have relatively low post-weaning growth rates. Limousin-sired steers
had ADGs and relative growth rates similar to Jersey-, Hereford- and
Angus-sired steers and significantly lower than Simmental- and
Charolais-sired steers.

The low GH concentrations observed in the

present experiment fit well with the reported low growth rates in
Limousin-cross steers.

The low insulin concentrations may help explain

the small amount of fat accretion generally observed in these cattle.
Combining the results of the present experiment with reported
observations on growth rates and body composition in cattle with
different growth potentials, it becomes apparent that GH and insulin
concentrations are closely associated with growth rates and body
composition, respectively. Earlier reports have shown very low posi
tive or negative correlations of plasma GH concentrations with ADG.
There are several possible explanations for the apparent discrepancy.
1) We were using animals with greater differences in growth potentials
than others have used.

2) I believe we obtained a better estimate of

GH concentrations by using frequent sampling in contrast to one or
two samples per animal by venipuncture which has been typical of other
experiments.

3) We did not make direct correlations between ADG and

GH concentrations and can only make general comments about apparent
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relationships based on the growth rates of different types of cattle
reported in the literature.

However, it is my conclusion that

differences in plasma GH and insulin concentrations account for a
major portion of the physiological differences between cattle with
different potentials for growth and fat deposition.
Another physiological phenomenon which may be partly responsible
for the differences in cattle with different growth potentials is
protein turnover.

Large type steers grow faster and/or are leaner at

similar weights and, therefore, should have a higher proportion of
protein in the gain.

This would suggest that the rates of net deposi

tion and synthesis of protein are higher relative to small type steers.
The evidence that high rates of protein synthesis are accompanied by
a high rate of protein breakdown (Perry, 1974; Millward et

, 1975)

and that, at least in the young rat, there is a direct relationship
between fractional growth rate and rate of protein breakdown (Millward
et al., 1975) would suggest that faster growing, leaner type cattle
might also have a higher rate of protein breakdown and, therefore, a
higher protein turnover rate (synthesis plus breakdown).
Protein synthesis has a high energy demand.

If, as speculated,

the rate of protein turnover is higher in large type cattle, more
energy would be expended for protein synthesis and less energy would
be available for fatty acid and triglyceride synthesis.

High GH

concentrations coupled with low insulin concentrations observed in
the large type steers would favor utilization of nutrients for protein
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synthesis, primarily by skeletal muscle, and inhibit energy uptake and
utilization by adipose tissue, thereby severely restricting lipogenesis
and fat deposition.

In contrast, the combination of high insulin and

low GH concentrations observed in small type steers would stimulate
uptake and utilization of energy substrates by adipose tissue.

The

high insulin concentrations would also act to inhibit muscle protein
breakdown which, along with the inherently lower protein synthetic rate,
would reduce the energy demand for protein synthesis and make more
energy available to the adipose tissue, allowing greater fat deposition,
even at younger ages and/or lighter weights.
According to Goldberg et

(1980), thyroid hormones are the

major regulators of protein breakdown.

High levels of exogenous T4

given to rats increased protein breakdown without increasing synthesis.
Therefore, one would anticipate higher T4 and/or T3 concentrations to
accompany high rates of protein turnover.

In the present experiment,

consistent differences in thyroid hormone concentrations between steers
of different types were not apparent, as had been anticipated. Perhaps
differences in T^ or T3 concentrations and protein breakdown, if they
exist at all, would be more evident at earlier ages since fractional
growth rate, rate of protein turnover and plasma thyroxine concentra
tions are apparently higher in the very young animal.

A comprehensive

study from shortly after birth through slaughter weight will probably
be necessary to determine if differences in protein turnover do exist
between cattle with significant differences in growth potential and
body composition and the relationship of plasma concentrations of
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thyroid hormones.

It would also be beneficial to evaluate GH and in

sulin status of such cattle throughout their normal productive life.
The effect of growth stimulants, such as estradiol or Synovex
implants, on protein breakdown in cattle has received very little
attention. Perhaps with the use of an easier method for estimating
protein breakdown, such as urinary 3-methylhistidine, more research
will be done. There is also a need for more research on the influence
of exogenous estrogens on thyroid status since there are conflicting
reports in the literature. The stage of maturity and growth potential
should be more closely considered since they may have an influence on
the responses.
Since net growth of lean tissue occurs when protein synthesis
exceeds the rate of degradation and since protein turnover (synthesis
plus breakdown) is a large energy expense, the optimum efficiency of
growth would result when protein breakdown is minimized and synthesis
is maximized.

With our present understanding of the role of hormones

on muscle metabolism, it would appear that maximum growth and efficien
cy should occur when high GH concentrations are maintained with moderateto-high insulin and low, but not deficient, concentrations of GCs and
thyroid hormones. If protein breakdown could be reduced without a
proportional reduction in synthesis then net protein accretion would
require less energy per unit of protein gain.

This would reduce the

energy requirements for maximum protein accretion and growth and thereby
improve the efficiency of growth.

Although speculative at this point

in our knowledge, it appears that large type cattle with high GH concen
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trations are approaching maximum rates of protein synthesis, but
protein breakdown is high, reducing their efficiency of feed conver
sion.

Small type cattle with high insulin concentrations have lower

rates of breakdown but protein synthesis rate is also lower.

As a

result the efficiency of feed conversion to body weight gain is not
significantly different in the two types when they are fed to similar
body composition end-points (England et al., 1978; Trenkle and Grigsby,
1979).
In a discussion of the effects of hormones on metabolism in vari
ous tissues it must be kept in perspective that most often more than
one hormone affects a given tissue and that a hormone can be either
synergistic or antagonistic to the actions of other hormones. Most of
the evidence on the mode of action of hormones has been obtained, by
necessity, from hypophysectomized, thyroidectomized or other types of
physiologically altered animals which often has a profound effect on
other hormones. For example, hypophysectomy reduces plasma insulin
concentrations to approximately one-half those found in normal animals
(Cheek and Hill, 1974) and results in hypothyroidism while thyroidec
tomy depresses GH secretion. Therefore, one can discuss the major
actions of a given hormone on a particular tissue or metabolic process
but can not negate the possible influence of other hormones.
One aspect of hormonal regulation of metabolism for which essenti
ally no information is available is that dealing with the question of
'how much?'. There is an absence of data available on optimum or mini
mum hormone concentrations necessary to elicit a given physiological

60

response.

For example, it is not known how much GH is necessary to

stimulate maximum protein synthesis and growth in normal animals or to
what extent lipogenesis can be altered with varying concentrations of
plasma insulin.

Before significant progress can be made in altering

growth and body composition, such information must be obtained.

One

of the most limiting factors for this lack of information, especially
in meat animals, has undoubtedly been the expense and availability of
the hormones necessary for such research. Perhaps, as suggested by
Dr. Trenkle (Dept. Animal Science, Iowa State University, private com
munication, 1980), the greatest potential ever in the area of hormone
research exists now with the development of genetic engineering where
by hormones, such as insulin and bovine GH, can be 'manufactured' by
cultured bacteria in large quantities.
Few, if any, comprehensive experiments have been conducted where
growth, cellular development of muscle and adipose tissue and endocrine
status have been examined together under practical nutritional condi
tions.

Most frequently, nutrition is studied without consideration of

the endocrine status and vice-versa or physiology studies are conducted
under fasting or suboptimal nutrition. It would be beneficial to begin
such comprehensive studies in meat-producing animals under practical
conditions. In order to better understand the influence of hormones
on growth and development and body composition these parameters need to
be thoroughly evaluated in cattle with different growth potentials from
very early postnatally to slaughter using frequent sampling techniques
to evaluate the endocrine status and, perhaps, tissue biopsies to
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evaluate cellular development.

Such extensive experiments will re

quire the cooperation of animal breeders, nutritionists, physiologists
and meat scientists with a commitment to long-term experiments, but
the results should be rewarding. More emphasis needs to be placed
on the whole animal, in addition to separate tissues or systems, in
an effort to enhance our knowledge of the regulation of growth and
development in livestock.
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APPENDIX A;
MATERIALS AND PROCEDURES FOR INDWELLING JUGULAR CATHETERS

Jugular catheters were prepared using Tygon S-54-HL microbore
tubing with 1.02 mm inside diameter.

The external end of the catheter

was fitted with an 18 gauge Luer stub adapter (Clay-Adams, New York,
NY) which was capped with a male Luer-lok cap (Becton, Dickenson and
Co., Rutherford, NJ). A 12 gauge needle was used to insert the
catheter. The needle and catheter were soaked in a 1:400 dilution
of Roccal-D disinfectant (Winthrop Laboratories, New York, NY) prior
to use and 70% 2-propanol (isopropyl alcohol) was used to disinfect
the skin around the point of venipuncture.

The catheters were flushed

and filled with a solution of 20 U Heparin-Na per ml of sterile
saline.
The animals were well-restrained. The jugular vein was punctured
with the 12 gauge needle just below the jaw and the catheter inserted
through the needle approximately 38 cm caudally into the vein. The
catheter was checked by drawing blood and then flushed well with the
heparin solution. The needle was removed and the Luer stub adapter
with cap was inserted into the external end of the catheter.

The

external portion of the catheter was run up to the back of the neck
just behind the poll and held in place with Elasticon tape (Johnson
and Johnson, New Brunswick, NJ) which was wrapped around the steer's
neck several times, making sure the catheter was completely covered by
tape for protection.
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Blood samples were drawn into a 10 or 20 ml disposable syringe
using a portion of the heparin solution in the catheter to prevent
clotting. The catheter was immediately flushed with heparin solu
tion equal to the volume of the catheter and the Luer-lok cap replaced.
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APPENDIX B:
ASSAY OF TOTAL PLASMA GLUCOCORTICOIDS
Plasma total glucocorticoids (GC) were measured by the competitive
protein binding method originally described by Murphy (1967) and modi
fied by Whipp and Lyon (1970) to measure hydrocortisone in peripheral
blood of cattle. Some modifications to these procedures were made and
will be described.
1, 2-% Cortisol (specific activity 110 mCi/mg) in toluenerethanol
was obtained from Amersham (Arlington Heights, IL), diluted with
ethanol to 20 mCi/ml and stored in 1 ml quantities at -20 C. On the
day of each assay, the %-cortisol was warmed to room temperature and
diluted 1:20 with distilled water containing 10 mg/ml EDTA.

Cortisol

(Hydrocortisone, Sigma) was dissolved in ethanol, diluted to 4 mg/ml in
ethanol and stored in 2 ml quantities at -20 C.

Working standards of

1.25, 2.5, 5.0, 10.0, 15.0 and 20 ng/ml in ethanol were made and stored
for approximately 2 weeks at 5 C.

Working standards were allowed to

warm to room temperature prior to use in the assay.

0.2 ml of each

standard was assayed yielding standards of 0.25, 0.5, 1.0, 2.0, 3.0 and
4.0 ng per tube.
Distilled water used in the assay was deionized, glass redistilled
water to which 10 rag EDTA were added per liter as suggested by Williams
et al. (1975). Florisil, 60-100 mesh (Fisher Scientific), was used to
separate the free and protein-bound GC.

The Florisil was washed several

times with distilled water to remove the fines and then dried at 45 C.
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Murphy

(1967) had indicated that Florisil did not adequately bind

Cortisol, the major GC in bovine blood (Bush, 1953), but it has been
used in the assay of Cortisol in bovine plasma (Williams et al., 1975;
Trenkle and Topel, 1978).
All glassware was washed in concentrated acid (10 ml HNO3/I H2SO4),
rinsed well with distilled water and then with double-distilled, deionized water.

Extractions and assays were done in disposable 10x75 mm

borosillcate culture tubes which had been acid-washed.
Human plasma was used as the source of glucocorticoid binding
globulin (CBG). Whole human blood which had passed its expiration
date and was no longer suitable for medical use was obtained from the
Mary Greeley Hospital blood bank, Ames, Iowa (a suggestion made by
Dr. David Griffith, former professor of Zoology, Iowa State University,
by personal communication).

Blood was centrifuged and the plasma

stored at -20 C until used. The CBG solution for the assay was pre
pared as follows.

Plasma was diluted 1:10 with distilled water. Ten

to 12 ml were heated to 45 C, 2 g Florisil were added and mixed several
minutes to remove endogenous GC and the Florisil was removed by centrifuging. The treated plasma was then diluted 1:20 in distilled water
to yield a final dilution of 1:200 or a 0.5% (v/v) plasma solution.
One ml diluted %-cortisol (1 mCi/ml) was added per 100 ml plasma
solution resulting in a ^H-cortisol activity of approximately 10,400
cpm/ml CBG solution which, at 44% counting efficiency, was equivalent
to 1.1 mCi/100 ml.

The CBG solution was made up approximately 1 hr

before needed and kept at 5 C until used. Counting media was a
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commercial cocktail which contained all necessary fluors for aqueous
samples (Scintiverse

Fisher Scientific).

Triplicate 0.2 ml plasma samples were extracted with 0.6 ml
ethylacetate by vigorous shaking on a vortex mixer for 50 sec and
then centrifuged for 10 min at 3,000 rpm (1200 x g). 0.4 ml of
supernatant was transferred to another culture tube and dried under
a stream of air at 42 C. 0.2 ml of each standard along with 0.2 ml
of ethanol as the blank or 0 standard were dried as was 0.4 ml ethylacetate to serve as the blank for samples, all in triplicate. To
each dried tube 1.0 ml of cold CBG solution was added, vortexed 15-20
sec and incubated for 10 min in a 42 C water bath.

Samples were

removed from the 42 C water bath, vortexed again to insure thorough
mixing and then placed in a refrigerator at 5 C for 15 min.

Samples

were removed and placed in an ice-water bath while 85 mg dry Florisil
were added to each tube and vortexed for 50 sec. Following Florisil
treatment, samples were centrifuged at 3,000 rpm and 5 C for 10 min
and then returned to the ice-bath until a 0.5 ml aliquot of solution
was transferred to a glass scintillation vial. Ten ml of Scintiverse ®
(Fisher Scientific) were added and mixed well.

Samples were counted in

a Beckman LS-8000 liquid scintillation counter with external standard.
Counting efficiency was similar among all samples and standards with
an average of approximately 44%.

Standards were expressed as cpm of

standard/cpm of ethanol blank while samples were expressed as cpm of
sample/cpm of ethylacetate blank.

Eight sets of triplicate samples
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and/or standards were run simultaneously in one rack, i.e., extracting,
drying, incubating, etc.
To estimate the efficiency of this procedure in extracting and
measuring the GC present in bovine plasma, %-cortisol was added to
pooled plasma samples at approximately 10,000 cpm/ml plasma, mixed well
and left standing at room temperature 2-3 hr.

Triplicate 0.2 ml

aliquots were extracted and dried as outlined in the assay procedures.
One ml of distilled water was added to the dried samples in place of
the CBG solution, mixed well, then poured into a scintillation vial.
0.2 ml of the %-cortisol plasma was also pipetted into separate vials,
cocktail added and counted as described in the assay procedures. The
proportion of GC recovered in the 0.4 ml aliquot of supernatant follow
ing extraction, drying and binding was calculated as:
dpm in extracted, dried aliquot
X 100 = % of total.
dpm in 0.2 ml plasma
Average recovery of labelled Cortisol in 11 pooled samples, each from a
different steer, was 57.1 ± 2.9%.

Since the 0.4 ml aliquot assayed

represents only 2/3 of the ethylacetate added to extract the plasma, the
actual recovery would best be estimated as: 57.1% x 1.5 = 85.6%.
Interassay variation was monitored by use of a pooled, standard
plasma sample which had been divided into many aliquots to eliminate
refreezing. Triplicate samples of the standard plasma were included two
times in each day's assays.

The average concentration of the standard

plasma was 12.3 + 1.0 ng/ml (n=14) with a range of 10.1 to 13.6 ng/ml.
Intraassay variation was determined by comparing the mean concentration
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of the 12 samples from each animal with the concentration of a pooled
aliquot of those samples.

Close agreement between the two values should

indicate a small intraassay variation. The variation was expressed as
the absolute value of

^ ~ ^ x 100, where M is the mean concentration
M
and P is the concentration of the pooled aliquot. The average intra
assay variation was 4.0 + 2.8% (n=13) with a range of 0 to 8.5%.
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APPENDIX C: PLASMA GROWTH HORMONE AND INSULIN PROFILES
IN STEERS FROM TRIAL 1

Figures C.1-C.23. Plasma growth hormone and insulin profiles
in steers from trial 1.
* Growth hormone
o

Insulin

f Indicates steer was standing at the time
of sampling
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Steer 2, small type without implant
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Steer 2, small type with implant
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Steer 3, small type without implant
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Steer 4, small type without implant
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Steer 4, small type with Implant
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Steer 5, medium type without implant
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Steer 6, medium type without implant
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Steer 6, medium type with implant
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Steer 7, medium type without implant
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Steer 7, medium type with implant
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Steer 8, medium type without implant
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Steer 8, medium type with implant
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Steer 9, large type with implant
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Steer 10, large type without implant
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Steer 10, large type with implant
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Steer 11, large type without implant
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Steer 11, large type with implant
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Steer 12, large type without implant
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Steer 12, large type with implant

2400

0400

0800

107

APPENDIX D: PLASMA GROWTH HORMONE PROFILES
IN STEERS FROM TRIAL 2

Figures D.l through D.6. Plasma growth hormone profiles
In steers from trail 2.
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APPENDIX E; PLASMA GLUCOCORTICOID PROFILES IN
STEERS FROM TRIAL 1

Figures E.l through E.8.

Plasma glucocorticoid profiles in
steers from trial 1.
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Steer 1, small type with implant
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Steer 2, small type without Implant
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Steer 3, small type with implant
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Steer 7, medium type without implant
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Steer 8, medium type without implant
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Steer 9, large type with implant

0020

0420

123

40.,

30.

rH

0

20.

10.

0820

1220

1620

2020

0020

Time of day
Figure E.7.

Steer 11, large type without implant
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