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ABSTRACT 

Steroidal implants have been used for 40 years to 

increase gain and gain efficiency of cattle by increasing 

protein deposition. However, the mechanism in which 

these hormones increase protein deposition is not fully 

understood. 

This dissertation is an in-depth study that utilized 

cell culture techniques to examine the indirect effects 

of serum from steers treated with steroid hormones and 

somatotropin on muscle cell proliferation and protein 

synthesis/degradation. Also, this dissertation studied 

the effect of steroid hormones on nitrogen balance, 

feedlot response and cellular composition of anterior 

pituitary cells in finishing steers. Treating steers 

with steroidal hormones alone and in combination with 

somatotropin increased the percentage of nitrogen 

retained relative to controls and steers given 

somatotropin alone. Both steroids and growth hormone 

depressed plasma urea nitrogen concentrations on days 1 

and 4 of the collection period additively. Serum from 

steers given steroidal implants and growth hormone 

increased in vitro muscle cell proliferation and muscle 

cell protein synthesis, while having minimal effect on 

protein degradation. Directly administering steroids to 
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cultured muscle cells had no effects on protein synthesis 

or degradation. Implanting steers with steroidal 

hormones increased average daily gain and gain efficiency 

and depressed plasma urea nitrogen relative to control 

cattle within the first 28 days following implantation. 

There was no consistent response to serum from these 

steers in muscle cell protein synthesis or degradation in 

vitro. Implanting steers 3 and 5 weeks prior to 

slaughter increased average daily gain while decreasing 

the marbling score in the carcasses. Implants did not 

cause dark cutting carcasses. Steroidal implants 

increased the percentage of somatotropes and decreased 

the percentage of mammosomatotropes in the anterior 

pituitaries of finishing beef steers. This dissertation 

concludes that steroid hormones do not have a direct 

effect on muscle cell protein deposition. Indirectly via 

factors in the serum, these hormones increase protein 

deposition by increasing protein synthesis. These 

steroid hormones given in combination with somatotropin 

increase protein synthesis and nitrogen retention. The 

mechanism for the increased protein deposition due to 

steroids may be the change in the percentage of 

acidophils in the anterior pituitary. 
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CHAPTER I 

INTRODUCTION 

Today's consumers of meat want a product with 

reduced fat, and especially with beef, they want 

consistency. Present day practices, to reduce exterior 

fat, are to trim the carcass or retail cuts to .25 inch 

or less. This is a waste of product and invariably a 

waste of feed fed to the animal which is used to deposit 

subcutaneous fat. Producers are losing the feed and the 

packers/retailers are losing pounds of carcass./One 

possibility to increase the percent lean and reduce the 

amount of subcutaneous fat is to slaughter the animal at 

a younger age. The problem is that the animal is still 

quite efficient at depositing lean at this age. The use 

of anabolic steroids and bovine somatotropin will allow 

the producer to take advantage of this efficient growing 

period and give the consumer a product that is lower in 

fat content. 

The use of anabolic steroids is the most effective 

management tool by which a producer can increase the 

efficiency of finishing cattle, both biologically and 

economically. Steroids increase average daily gain and 

feed efficiency. At present, the more biologically 

efficient the animals are, the more grain and beef that 



can be supplied for human consumption. The question we 

as researchers need to answer is how do these anabolic 

implants affect the body to increase gain and feed 

efficiency. Once the mechanisms by which these steroid 

hormones elucidate their response is known, producers 

will have more efficient implants and management 

practices. 



CHAPTER II 

LITERATURE REVIEW 

Metabolic modification of protein retention 

In growing animals, protein is an essential 

nutrient. Animals need a proper mixture of amino acids 

to use as building blocks for protein synthesis in the 

body. The ruminant not only uses natural intact 

proteins, but through rumen microbial protein synthesis 

can utilize non-protein nitrogen. 

Intake protein that is not excreted in the feces is 

considered digestible protein. The digestible protein 

that is not excreted in the urine is metabolizable 

protein or retained protein. Metabolizable protein is 

then used by the ruminant to build skeletal proteins. 

The use of metabolic modifiers, such as steroid hormones 

and somatotropin, have the ability to enhance the 

retention of nitrogen, and therefore increase the amount 

of lean tissue in the growing ruminant. 

The best non-nutritional management practice that a 

beef cattle producer can implement to improve the 

efficiency of growth and protein utilization is the use 

of steroidal implants (Preston, 1987). Bovine 

somatotropin also increases protein retention in 

ruminants, however, it is not approved for use in beef 



cattle or sheep. These biotechnical tools work on target 

tissues directly and indirectly to stimulate increased 

efficiency, both biologically and economically (Preston, 

1987). 

Steroidal regulation of growth 

Estrogenic and androgenic hormones are commonly 

implanted in growing cattle to increase growth rate and 

efficiency. Many excellent reviews have been written 

concerning the use of steroids in beef production 

(Buttery et al., 1978; Trenkle, 1969, 1976; Preston and 

Willis, 1970; Preston, 1975, 1987; Galbraith and Topps, 

1981; Hancock, 1989; Hancock et al., 1991; Roche and 

Quirke, 1986; Unruh, 1986; Tucker and Merkel, 1987). 

Some questions arise as to how the combination of 

estrogenic and androgenic compounds increase protein 

deposition in beef cattle. There are two possible ways 

protein deposition can be improved: (1) increased protein 

synthesis or (2) decreased protein degradation. The 

mechanisms by which anabolic agents affect skeletal 

muscle in ruminants have not been determined but many 

hypotheses have been presented. 



Effects of steroids on feedlot 
performance of beef cattle 

The use of trenbolone acetate (an androgen) and 

estradiol in combination has proven to increase the 

feedlot performance of finishing beef steers. The 

combination of trenbolone acetate and estradiol has been 

shown to have significant effects on steer feedlot 

performance if they are both placed in the same ear 

(Heitzman et al., 1981). The TBA/E2 implants increase 

average daily gain (Bartle et al., 1992; VanderWal et 

al., 1975; Fisher et al., 1986; Heitzman et al., 1981; 

Combs and Hinman, 1985; Lee et al., 1990; Heitzman, 1983, 

Mader, 1994; Cecava and Hancock, 1994), dry matter intake 

(Fisher et al., 1986; Combs and Hinman, 1985; Mader, 

1994) and gain efficiency of steers (Heitzman et al., 

1981; Combs and Hinman, 1985, Mader, 1994). 

Estrogenic and androgenic implants increase the 

amount of muscle and decrease the amount of fat in the 

carcass. Implants increase hot carcass weight, amount of 

edible product while decreasing external fat (Combs and 

Hinman, 1985; Bouffault and Willemart, 1980; Preston, 

1978) . Steroids have been shown to alter carcass quality 

by decreasing marbling score of the carcass and therefore 

decreasing the quality grade of the carcass (Combs and 



Hinman, 1985). However, Preston et al. (1990) reported 

that implanted heifers and steers need to be fed 4 (37 

Ib.) and 14 (87 Ib.) days longer than non-implanted 

heifers and steers, respectively, to reach the same 

quality grade. 

Shift in mature body size due to 
anabolic steroids 

The use of anabolic steroids play a role in the 

mature body size of beef steers (Preston, 1978; Loy et 

al., 1988). In these studies, steers that were implanted 

regularly with estrogenic steroids had increased gains, 

hook heights and the weight:height ratio compared to non-

implanted steers. Preston found these results to be true 

for small- and large-framed steers. These cattle were 

fed for up to 48 6 days and the non-implanted group never 

caught up with the implanted steers in body size. These 

results indicate that estrogenic steroids increase the 

mature body size of finishing beef steers. 

Effects of steroidal implants on nitrogen 
balance in beef cattle 

Anabolic steroids do not increase the amount of 

nitrogen absorbed but rather increase the utilization of 

the absorbed nitrogen (VanderWal et al., 1975; Bouffault 



and Willemart, 1980; Hancock et al., 1991). This 

increase in utilization of absorbed nitrogen is explained 

by decreased urinary nitrogen loss (VanderWal et al., 

1975; Bouffault and Willemart, 1980). VanWeerden et al. 

(1970) elegantly illustrated that as an animal matures, 

the retention of nitrogen decreases from 70 to 40% of 

intake nitrogen. However, if anabolic steroids are 

utilized, the animals maintain a higher level of nitrogen 

retention for a longer time. VanderWal showed that 

implanted steers had 27% higher retention of nitrogen 

than non-implanted steers. 

Effect of steroids on plasma urea 
nitrogen concentrations in beef cattle 

Plasma urea nitrogen concentrations have been used 

extensively to observe the anabolic response to, 

diethylstilbestrol (DES), an estrogenic-like substance 

(Preston, 1968) and is directly correlated to decreasing 

urinary nitrogen losses due to increased nitrogen 

retention(Grebing et al., 1970). The depression of 

plasma urea nitrogen concentrations can be caused by 

either increased protein synthesis, decreased protein 

degradation or a combination of both. Since implants do 

not increase absorption of intake nitrogen but decrease 



the losses of intake nitrogen in the urine, it has been 

hypothesized that implants must decrease the rate of 

protein degradation (Donaldson and Heitzman, 1983) . 

It is known that steroidal implants increase protein 

deposition. Although widely debated, the mechanism by 

which steroidal implants elicit this increase in protein 

deposition is not known. The questions that need to be 

answered are (1) do steroids directly affect the muscle 

tissue, (2) do steroids stimulate the release of 

secondary hormones that affect the muscle tissue or (3) 

do steroids stimulate muscles both directly and 

indirectly? The use of muscle cells in tissue culture 

could help answer these questions. 

Direct effects of steroid hormones on 
muscle cell protein synthesis and 
degradation 

There are many estrogenic and androgenic receptors 

in skeletal muscle (Sauerwein and Meyer, 1989; Bechet et 

al., 1986; Meyer and Rapp, 1985). Bechet et al. (1986) 

describes two types of estrogen receptors in bovine 

skeletal muscle. The first is a estrogen receptor that 

has a high affinity for estrogen when estrogen is at low 

concentrations. The second receptor has a lower affinity 

for estrogen when there are high concentrations of 
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estrogen. They showed that supplying radio-labeled 

estrogen increased the binding of unlabelled estrogen to 

low affinity receptors. Also, when zeranol, a plant 

derived estrogenic-like compound, is administered there 

was an increase in the number of high affinity receptors. 

The physiological significance is not understood between 

estrogen binding to the high affinity or low affinity 

receptors. 

Sauerwein and Meyer (1989) observed that estrogenic 

and androgenic receptors in skeletal muscle are either 

inactive or active. Inactive estrogen and androgen 

receptors float unbound in the cytosol. Steroids diffuse 

across the plasma membrane of the muscle cell and bind to 

their receptor. The receptor is active once the steroids 

are bound. The active receptor and its bound hormone 

then translocate to the nuclear membrane in the cell 

where it is thought to stimulate protein synthesis. 

Dickinson (1993) explains that the difference in receptor 

location between active steroid hormones and other 

hormones which regulate protein synthesis and 

degradation, might cause additive or synergistic 

physiological responses in cattle when the hormones are 

administered in combination. 



The estrogen receptors found in skeletal muscle are 

similar in structure and affinity to those found in 

classical estrogen target tissues (i.e., uterus) (Meyer 

and Rapp, 1985; Dahlberg, 1982). Therefore, skeletal 

muscle should be thought of as a target tissue for 

estrogen (Meyer and Rapp, 1985). The receptors in the 

uterine and skeletal muscle tissues have the same 

affinities for estrogen. The main difference is that 

there are fewer receptors in skeletal muscle than in 

uterine tissue. Freychuss et al. (1993) observed that a 

10% decrease in receptor numbers gave no detectable 

response to estrogen treatment. 

As in all steroid hormone research, it can be 

difficult to measure the binding of hormones to target 

cells because of hormone metabolism and the ability of 

hormones to bind to other steroid receptors. Meyer and 

Rapp (1985a) concluded that trenbolone acetate does not 

compete with estrogen for estrogen receptors. However, 

in another paper, Meyer and Rapp (1985b) found that 

androgens can be aromatized to estradiol and then bind to 

estrogen receptors. They also found that trenbolone 

acetate does bind to progesterone receptors as trenbolone 

acetate. Also, androgens have the capability of binding 

to glucocorticoid receptors (Danhaive and Rousseau 
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(1986). Cellular steroid hormone experimental protocols 

must be carefully designed to get answers to very complex 

questions without the confounding effects of other 

steroids or hormones. 

Roeder et al. (1986) treated cultured rat L6 

myoblasts plated in DMEM (Dulbecco's Modified Essential 

Media) and fetal calf serum with estradiol benzoate, 

zeranol, progesterone, testosterone propionate and 

dexamethasone. They observed no increases in protein 

synthesis or protein degradation directly due to these 

steroid hormones. However, dexamethasone did stimulate 

increased protein degradation. They concluded that 

steroid hormones indirectly affect skeletal muscle 

protein synthesis or degradation. This may be the result 

of too few estrogenic and androgenic receptors or the 

response being too small to observe any differences. It 

would be interesting to see if the same results were 

found with respect to direct effects of steroids on beef 

muscle cells in vitro. 

Indirect effects of steroid hormones on 
muscle cell protein synthesis and degradation 

Many studies have been conducted in ruminants to 

examine the effects of estrogenic and androgenic hormone 
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treatment on the stimulation or inhibition of the release 

of hormones that are known to affect protein or amino 

acid balance. Numerous hormones such as cortisol, 

somatotropin, IGF-I, and insulin play roles in the 

regulation of amino acid balance in the body. 

Anabolic steroids and glucocorticoids 

Cortisol is a glucocorticoid that is released from 

the adrenal cortex. Cortisol causes an increase in 

protein degradation in the body (Sichuk and Leathem, 

1962; Brake, 1993). Roeder et al. (1986) found that 

anabolic agents do not alter glucocorticoid induced 

responses. However, Hayden et al. (1992) observed that 

steers implanted with estradiol had increased levels of 

circulating cortisol, but steers implanted with 

trenbolone acetate alone had lower levels of circulating 

cortisol compared to non-implanted steers. They did not 

observe decreases in protein degradation rate in response 

to decreased cortisol concentration with trenbolone 

acetate administration. Brake (1993) showed no 

difference in clearance rates of cortisol in implanted 

heifers compared to non-implanted heifers. Therefore, 

anabolic agents do not affect the responses of ruminants 
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to cortisol but may mediate the release of cortisol from 

the adrenal cortex. 

On the other hand, researchers have observed the 

effects of glucocorticoids on estrogen receptors. 

Dexamethasome treatment alone did not affect estrogen 

receptor numbers in the rat liver (Freyschuss et al., 

1994). However, when dexamethasone was administered with 

somatotropin it caused synergistic increase in estrogen 

receptors (Norstedt et al., 1981; Freyschuss et al., 

1994) . Freyschuss et al. (1991) found that the 

glucocorticoid, beamethasone, did increase the number of 

estrogen receptors in rat liver by 1.5-fold. These 

results are confounding and it is unclear how 

glucocorticoids affect estrogenic and androgenic 

receptors. 

Anabolic steroids and insulin 

Insulin is a hormone that regulates glucose and 

amino acid uptake by skeletal muscle and other tissues in 

the body. Woods et al. (1996) observed that when insulin 

was introduced to primary cultures of bovine myoblasts it 

stimulated protein synthesis and decreased protein 

degradation. Heitzman (1979) reported that steroids 

increase the secretion of insulin. However, other 
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researchers have not seen a response in insulin secretion 

in steers due to steroid implants (Trenkle, 1970; Hayden 

et al., 1992). 

These latter results do not completely remove 

insulin from the picture. Insulin secretion could be 

increased by steroid hormones indirectly through 

increased intake and be masked by increased insulin 

binding to target tissues, thus increasing protein 

synthesis and decreasing protein degradation. 

Effects of estrogens and androgens on 
somatotropin release, receptors and 
somatotropin binding protein regulation 

The most widely researched hormone to help explain 

the effects of estrogen and androgens on protein 

deposition in ruminants is somatotropin. It has been 

shown that monogastric animals have minimal growth 

responses to estradiol or trenbolone (DeWilde and 

Lauwers, 1984). Previous research has shown that when 

steroid hormones are administered to ruminants, 

somatotropin and insulin like growth factor I (IGF-I) 

concentrations are increased (Brier et al., 1988). 

Somatotropin release is regulated by a negative feedback 

system on the hypothalamus and anterior pituitary. 

Somatotropin releasing hormone is produced in the 

hypothalamic region of the brain and is transported to 
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the anterior pituitary to stimulate the release of 

somatotropin. A substance, somatostatin, is produced in 

the hypothalamus which inhibits the release of 

somatotropin from the anterior pituitary. 

After somatotropin is released, it is carried in the 

systemic blood to target tissues (i.e., liver and 

skeletal muscle). Somatotropin binds to its receptors 

and stimulates the release of the hormone IGF-I which is 

transported to target tissues and stimulates the uptake 

of amino acids which in turn stimulates protein synthesis 

in the cell. 

Brier et al. (1988) found that regardless of the 

plane of nutrition, estradiol-17 beta increased 

circulating levels of somatotropin in steers. Estrogen 

receptors can be found in almost every tissue in the 

body. When these receptors are blocked with tamoxifen, 

circulating concentrations of somatotropin and IGF-I 

decrease (Metzger and Kerrigan, 1994; Malaab et al., 

1992). These researchers also found that when androgen 

receptors are blocked, somatotropin secretion increases. 

If androgens cannot bind to their receptors and are 

aromatized to estradiol, they could then bind to estrogen 

receptors and increase somatotropin secretion. Men that 

were treated with nandrolone, an androgen that cannot be 
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aromatized to estradiol, had no changes in somatotropin 

concentrations (Hobbs et al., 1993). 

Somatotropin releasing hormone and somatostatin are 

hormones released by the hypothalamus. Somatotropin 

releasing hormone stimulates somatotropin secretion while 

somatostatin inhibits pituitary release of somatotropin. 

Estrogen receptors are present in the hypothalamus where 

somatotropin releasing hormone and somatostatin are 

present. When estrogen binds to its receptors it 

stimulates the secretion of somatotropin releasing factor 

and this results in somatotropin secretion from the rat 

pituitary (Shirasu et al., 1990; Painson et al., 1992). 

Literature describing the effects of estrogens and 

androgens on somatostatin secretion is very limited. 

Argente et al. (1990) observed that rats treated with 

estrogens had less somatostatin mRNA while rats treated 

with androgens had more somatostatin mRNA in the 

periventricular nucleus in the brain. 

Estrogens have been observed to decrease the 

secretion of dopamine (Labrie et al., 1978; Shirasu et 

al., 1990). Dopamine is an inhibitor of prolactin. The 

effects of prolactin on growth are not understood. 

However, some cells (mammosomatotropes) in the anterior 

pituitary are thought to secrete both prolactin and 

somatotropin simultaneously which would lead one to 
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believe that the decrease in dopamine may cause an 

increase in the secretion of somatotropin. 

Mammosomatotroph (MS) cells are found in the 

pituitary and contain estrogen receptors (Frawley et. 

al., 1985). Frawley (1989) later observed that a higher 

percent of these cells exist in juvenile pituitaries and 

that male pituitaries have a higher percentage of MS 

cells than females. 

With both prolactin and somatotropin colocalized 

within MS cells, the stimulation of the release of one 

these hormones could cause the release of both. This 

means that estrogen could stimulate the release of 

prolactin by inhibiting dopamine and the MS cells would 

release both prolactin and somatotropin. Bethea (1991) 

hypothesized that estrogen acts on a population of 

somatotropin-secreting cells present in the pituitary of 

juvenile males which is not present in adult female 

pituitaries. She found that estrogen caused increases in 

somatotropin secretion from primary pituitary cultures 

from only male monkeys under 2 years old; there were no 

effects of estrogen on adult, male and female, or 

juvenile female monkey primary pituitary cultures. It 

could be hypothesized that steers would have a higher 

percentage of MS cells in their pituitaries than heifers. 
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Copeland et al. (1990) treated primary cultures of 

rat pituitary tissue with IGF-I, estradiol and 

testosterone. Insulin-like growth factor I decreased the 

secretion of somatotropin from pituitary cells indicating 

that IGF-I is a negative regulator of somatotropin. 

Estradiol added at physiological levels increased 

somatotropin release from the pituitary and testosterone 

only increased somatotropin secretion when added at very 

high levels. 

Not only do estrogenic and androgenic steroids 

affect the release of somatotropin, they regulate the 

somatotropin receptors. The main target tissue of 

somatotropin and the major tissue that releases IGF-I is 

the liver. The liver has high numbers of estrogen, 

androgen and somatotropin receptors. When estrogen 

receptors are blocked with an antagonist like tamoxifen, 

the number of liver somatotropin receptors is decreased 

(Gabrielson et al., 1995). On the other hand, when 

estrogen is given to rats, the concentration of both 

lactogenic and somatogenic receptors are increased 

(Haldosen and Gustafsson, 1988) and somatotropin receptor 

mRNA was also increased (Gabrielson et al., 1995). 

Like estrogen receptors in skeletal muscle, 

somatotropin has two types of receptors in the liver of 

steers (Brier et al., 1988). The two types of receptors 
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are described by their affinity to bind somatotropin, 

high and low. Brier and others found that administration 

of estrogen increased the number of low affinity 

receptors by 50% and high affinity receptors by 350%. 

This could explain why estrogen has been shown to 

increase the binding of somatotropin to its liver 

receptors (Carmignac et al., 1993). While it is not 

clear what physiological action the low affinity 

receptors regulate, it seems as though the high affinity 

receptors control the release of IGF-I and therefore 

weight gain. 

There are six different types of IGF-I binding 

proteins that regulate IGF-I (Baxter, 1991). IGF-I 

binding proteins bind to circulating IGF-I and the roles 

of these binding proteins are not completely understood. 

When IGF-I is bound to the binding proteins, its half-

life is considerably increased. Johnson et al. (1996) 

found that implanting steers with trenbolone acetate and 

estradiol increased the concentrations of IGF binding 

protein 3. This research indicates that the increased 

IGF binding protein 3 could help regulate the transport 

of IGF-I to target tissues (i.e., skeletal muscle) to 

increase protein deposition in steers. Further research 

is needed to identify how implants indirectly increase 

protein deposition. 
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Bovine somatotropin 

Bovine somatotropin (somatotropin) has many positive 

effects on growth and gain efficiency of ruminants while 

increasing protein deposition and stimulating lipolysis. 

Many excellent reviews have been written on the effects 

of somatotropin on the growth of mammals (Hart and 

Johnsson, 1986; Beerman and DeVol, 1991). 

Somatotropin releasing hormone (GHRH) is secreted by 

the hypothalamus and routed to the anterior pituitary 

through the cranial portal blood system. The reception 

of GHRH at the anterior pituitary stimulates the release 

of somatotropin. GHRH is regulated by the amount of 

somatotropin present in the systemic blood. Normal 

circadian GH secretions remain relatively low and 

pulsitile with a large surge of GH secretion occurring 

during the onset of sleep. Outside stimuli can also 

increase GH levels, such as, excitement, stress, and 

hypoglycemia (Vander et al., 1994). It is speculated 

that exogenous somatotropin levels must exceed normal 

endogenous somatotropin levels to see a response because 

the hypothalamus will decrease the production of GHRH to 

maintain normal GH levels. 

Evans and Simpson (1931) treated rats with a crude 

extract of somatotropin and observed increases in growth. 
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Somatotropin treatment was then found to affect the 

composition of growth by increasing protein accretion and 

decreasing fat deposition (Lee and Schaffer, 1934). 

These results caused great interest in using somatotropin 

in meat producing animals. 

Effects of somatotropin on feedlot performance 

Somatotropin administration increases the feedlot 

performance in finishing beef steers. Somatotropin has 

been shown to increase average daily gain (Wagner et al., 

1988; Moseley et al., 1990) and gain efficiency(Dalke et 

al., 1992; Wagner et al., 1988; Moseley et al., 1990). 

However, Dalke et al. (1992) did not observe an increase 

in average daily gain and the increase in gain efficiency 

was due to decreased dry matter intakes by steers treated 

with somatotropin. The lack of average daily gain 

response may be due the increased maturity of the steers. 

Meekins et al. (1990) found that the somatotropin 

response was less in larger calves. 

Somatotropin has two main effects on carcass 

composition in ruminants: (1) increased muscle mass and 

(2) decreased adipose tissue. Dalke et al. (1992) 

observed that somatotropin increased the percent protein 

in the carcass while decreasing the percent fat. 
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Somatotropin increases hot carcass weight, rib eye area 

and decreases external and intramusclular fat. Could the 

increase in percent protein in the carcass be because of 

the lipolytic effects of somatotropin more so than 

increased protein synthesis? Fat is a diluent for body 

composition. Protein, ash and water percentages (20, 5 

and 75%, respectively) remain constant on a fat-free 

basis. So it is logical that if the percent fat in a 

carcass goes down the percent of protein and water (lean) 

is going to increase. 

Effects of somatotropin on nitrogen 
balance in beef cattle 

Somatotropin affects nitrogen balance similarly to 

steroid hormones. Somatotropin has no effects on 

digestibility of nutrients (Eisemann et al., 1989; 

Crooker et al., 1990). Somatotropin increases nitrogen 

retention by decreasing the urinary nitrogen losses 

(Eisemann et al., 1986, 1989; Crooker et al., 1990). 

Moseley et al. (1982) observed the decrease in urinary 

nitrogen losses only beyond day six after administration 

of somatotropin. 

The response in decreased urinary nitrogen losses is 

correlated with a depression in plasma urea nitrogen 
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concentrations (Hancock, 1989; Eisemann et al., 1989; 

Crooker et al., 1990). However, Beerman and DeVol (1991) 

postulated that somatotropin does not decrease protein 

degradation but rather increase protein synthesis. 

Eismann and others (1986) measured leucine incorporation 

in vivo. They concluded that somatotropin administration 

increased nitrogen retention in steers by increasing 

protein synthesis with no affect on protein degradation. 

Direct effects of somatotropin and 
insulin-like growth factor I on protein 
metabolism 

Muscle cells contain receptors for both somatotropin 

and IGF-I (Dickinson, 1993). Researchers have found 

that the function of somatotropin is to regulate the 

release of IGF-I (Bauman and DeVol, 1991). The role of 

IGF-I is then to bind to receptors at the target tissues 

(i.e., skeletal muscle) and stimulate amino acid uptake 

and increase protein synthesis (Florini, 1987). Most 

IGF-I secretion occurs in the liver and some IGF-I 

secretion can come from skeletal muscle (Bauman and 

DeVol, 1991). 

Most researchers agree that at physiological 

concentrations, somatotropin alone has no effect on 

protein deposition, cell proliferation or amino acid 

uptake in cultured cells. The treatment of primary 
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cultures of bovine myoblasts with somatotropin does not 

effect protein synthesis or protein degradation 

(Gospodarowicz et al., 1976). Roe et al. (1989) and 

Harper et al. (1987) both showed that somatotropin had no 

effect on protein synthesis or protein degradation in 

ovine primary muscle cells in culture. 

Similar studies have shown that somatotropin has no 

direct effect on protein deposition in other types of 

cells: rat L6 myoblasts (Ewton and Florini, 1980), rat 

muscle satellite cells (Allen et al., 1982), chicken 

muscle satellite cells (Duclos et al., 1993), rat heart 

cells (Frelin, 1980), or rat liver cells (Tanaka et al., 

1978) . However, Bomboy and Salmon (1975) observed that 

somatotropin directly stimulated DNA synthesis and cell 

proliferation in primary cultures of rat cartilage. 

These results indicate that somatotropin must act through 

an intermediate or second messenger type hormone (i.e., 

IGF-I) to affect protein deposition in skeletal muscle. 

Insulin-like growth factor I receptors are located 

on the plasma membrane of the cell and stimulate the 

release of a second messenger cAMP (Bomboy and Salmon, 

1975). These receptors are present in most, if not all, 

tissues in the body. Insulin-like growth factor I has 

been shown to directly increase amino acid uptake, 

protein synthesis, cell proliferation and DNA synthesis, 
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decrease the rate of protein degradation. Roe et al. 

(1989) observed that IGF-I stimulated protein deposition 

in primary cultures of ovine muscle cells. This study 

agrees with Harper et al. (1987) who reported that IGF-I 

increased protein synthesis by 16% and decreased protein 

degradation by 7% in primary cultures of ovine muscle 

cells. Florini (1987) along with Bomboy and Salmon 

(1975) reported that IGF-I increases DNA synthesis and 

cell proliferation directly. 

Somatotropin does not affect skeletal muscle 

directly but instead increases protein deposition and 

cell proliferation indirectly through IGF-I. It would 

seem logical that treating cell cultures with serum from 

animals treated with somatotropin would give an 

indication of its effect at the cellular level. Kotts et 

al. (1987) treated L6 rat myoblasts with porcine 

somatotropin directly and sera from pigs that had been 

treated with porcine somatotropin. They observed that 

porcine somatotropin had no effect on cell proliferation. 

However, cells given media containing sera from the pigs 

administered somatotropin exhibited increased 

proliferation. 
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Effects of somatotropin on estrogen receptors 

Just as estrogen affects the regulation of 

somatotropin receptors, somatotropin regulates estrogen 

receptors. Hyposectomized rats have decreased numbers of 

estrogen receptors in liver cells compared to intact rats 

(Freyschuss et al., 1994). Treatment of these animals 

with somatotropin increases the concentration of estrogen 

receptors by 4.5 fold (Freyschuss et al., 1991, 1993, 

1994; Norstedt et al., 1981). In this series of papers 

by Freyschuss et al., it is reported that somatotropin in 

combination with thyroid hormone increased estrogen 

receptors additively (6.5-fold). Dexamethasone was able 

to suppress the thyroid hormone response but not the 

somatotropin response in estrogen receptor 

concentrations. 

Norstedt and others (1981) concluded that pituitary 

factors are responsible for estrogen receptor regulation 

and that the hormones could be either prolactin or 

somatotropin. If prolactin or somatotropin regulates the 

estrogen receptors and estrogen regulates the release of 

these two hormones from the mammosomatroph cells in the 

pituitary, it seems logical that an increase in the 

secretion of one is going to enhance the physiological 

response of the other. 
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Steroids and somatotropin used in combination 

The literature review so far indicates that steroid 

hormones increase the secretion of somatotropin and the 

number of somatotropin receptors. Also, somatotropin 

plays a role in the regulation of estrogen and androgen 

receptor concentrations. Research involving steroids and 

somatotropin in combination, could be beneficial to our 

basic understanding of the mechanisms of these hormones, 

the beef industry and consumers of beef products. 

In 1989, Hancock determined the minimal dosage for 

maximum anabolic response to bovine somatotropin (41 \iq 

.kg~l.d"l ) and estradiol (.5 mg.d"^). Three trials were 

then conducted to test the interaction by between bovine 

somatotropin and estradiol on the anabolic response in 

steers. Blood samples were taken on d 0, 1, 4 and 7 

after administration of the metabolic modifiers. 

Hancock observed additive decreases in the PUN response 

in all three trials with no interaction between 

somatotropin and estradiol. These data imply that PUN 

depression is an indicator of anabolic activity and that 

the response is additive when somatotropin and estradiol 

are administered at the same time. 
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Preston et al. (1995) conducted a study in which 252 

crossbred steers were used to measure the anabolic 

effects of steroid hormones and bovine somatotropin. The 

treatments were arranged in a 2 x 3 factorial design: 

control or steroid implant (estradiol/trenbolone acetate; 

estradiol + progesterone {E^} and trenbolone acetate) and 

either 0, 80, or 160 mg/wk bovine somatotropin from a 

sustained release intraperitoneal implant. The three 

lightest blocks were reimplanted with trenbolone acetate 

on d 63 and E^ on d 84. Blood samples were taken on d 0, 

14, 28, 56 and 84 for plasma urea nitrogen (PUN), bovine 

somatotropin and IGF-I assays. 

Preston and others observed no interactions 

suggesting that the anabolic modifiers were additive and 

acted through different metabolic mechanisms. Average 

daily gain and gain efficiency responses in steers were 

additive for steroid and bovine somatotropin implants. 

Also observed was an additive reduction in PUN and an 

increase in IGF-I concentrations for animals treated with 

either the steroids or bovine somatotropin implants. 

Bovine somatotropin concentrations were reduced in 

somatotropin treated steers due to the reduction in 

circadian peaks but somatotropin concentrations were 

increased in steroid implanted steers. This work 
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indicates that steroid agents and somatotropin may not 

work through the same mechanisms. 

Hongerholt et al. (1992) conducted a trial with 

eight Hereford steers to measure the hormone response due 

to administration of a somatotropin-releasing factor 

analogue and steroid implants. The experimental design 

was a 4 X 4 Latin square arrangement: nonimplanted or 

implanted with 140 mg TBA and 28 mg estradiol squares. 

Steers were injected with 0, 20 , 40 or 80 |xg of 

somatotropin-releasing factor analogue. Implanting 

steers with steroids tended to increase somatotropin 

concentrations relative to the controls. There were no 

interactions between somatotropin-releasing hormone 

analog and steroid hormone treatments. Hongerholt et al. 

reported additive responses for somatotropin, PUN, and 

IGF-I in steers receiving both somatotropin-releasing 

hormone analog and steroids. 

Conclusions and objectives 

The use of estrogenic and androgenic steroids and 

somatotropin alone and in combination increase the 

feedlot performance and nitrogen balance in finishing 

beef steers. It has been shown that estrogenic and 
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androgenic steroids do not directly affect skeletal 

muscle protein synthesis and degradation even though 

skeletal muscle has been proven to contain both 

androgenic and estrogenic receptors. Therefore, 

estrogenic and androgenic steroids must regulate protein 

deposition through indirect mechanisms. 

Estrogen and androgens stimulate the secretion of 

somatotropin, somatotropin binding protein and regulate 

the number of somatotropin receptors. Somatotropin in 

turn plays a large role in the regulation of estrogenic 

receptors. It would seem logical that the use of 

somatotropin and anabolic steroids in combination would 

give additive or synergistic physiological responses in 

protein deposition. The question that arises is how do 

these compounds indirectly increase protein deposition in 

skeletal muscle: (1) increase protein synthesis? or (2) 

decrease protein degradation? 

The objectives of this dissertation will be to study 

the responses in bovine muscle cell protein synthesis and 

degradation, nitrogen balance and feedlot responses to 

trenbolone acetate, estradiol and somatotropin. 
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CHAPTER III 

EFFECT OF A STEROIDAL IMPLANT AND SOMATOTROPIN ALONE 

AND IN COMBINATION ON NITROGEN BALANCE AND PLASMA 

UREA NITROGEN CONCENTRATIONS IN FINISHING 

BEEF STEERS 

Abstract 

Twelve crossbred steers (444 kg) were used in a 2 X 

2 factorial arrangement to determine the effects of 

steroidal implants and somatotropin alone and in 

combination on nitrogen balance and plasma urea nitrogen 

concentration. The treatments were: (1) Control, (2) REV 

(1:5, TBA:E2; Revalor-S), (3) BST (bovine somatotropin, 

Posilac) and (4) BST/REV (BST and REV). Steroid implants 

were administered 17 d prior to and BST was administered 

17 d prior (250 mg) and 3 d prior (500 mg) to the N-

balance trial. Steers were fed a typical finishing diet 

(14.6 % CP; DM basis) consisting of steam-flaked sorghum 

grain and cottonseed hulls. Feed, feces, urine and orts 

were recorded for a 7 d collection period. Blood samples 

were taken at 0600, 1200, 1800 and 2400 h on d 1, 4 and 7 

of the collection period. BST tended to decrease intake 

relative to the controls (-13.4%; P = .20), while REV and 

BST/REV increased intake (10.2 and 14.5%, P = .06 and 

.03, respectively). There were no differences in total 
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fecal or urinary N losses across treatments. Absorbed N 

tended to be higher for REV and BST/REV treatments 

relative to controls (P = .17 and .14; respectively). 

Retained N was highest for BST/REV and lowest for the BST 

treated steers (P = .01). BST/REV and REV treated steers 

retained higher percentages of absorbed N than the BST 

treated steers or the controls (68.3, 58.3, 38.0 and 53.2 

%, respectively) . Plasma urea-N (PUN) depression on d 1 

and 4 was additive for BST, REV and BST+REV; however, on 

d 7 PUN was elevated for BST and REV treated steers 

causing a treatment x d interaction. The combination of 

BST and REV increased N-retention in the steers. The 

additive response in PUN depression on d 1 and 4 

indicates that these anabolic agents affect protein 

deposition either cooperatively or through different 

mechanisms. 

Introduction 

Estrogenic and androgenic compounds are commonly 

implanted in growing cattle to increase growth rate and 

efficiency. Questions arise as to how estrogenic and 

androgenic steroids increase protein deposition. Bovine 

somatotropin has many positive effects on growth and gain 

efficiency in ruminants by increasing protein deposition 

and stimulating lipolysis. Previous research has shown 
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that, when BST and steroidal implants were used in 

combination, growth rates in finishing steers increased 

additively (Preston et al., 1995; Hancock, 1989). This 

result indicates that BST and steroidal implants could be 

working through two different mechanisms. Therefore, the 

objectives of this study were to determine the effect of 

steroid hormones and bovine somatotropin alone and in 

combination on the nitrogen balance and plasma urea 

nitrogen concentrations in finishing beef steers. 

Materials and methods 

Twelve crossbred steers (wt = 444 kg) were used to 

examine the effects of steroidal implant and somatotropin 

alone and in combination on nitrogen balance and plasma 

urea nitrogen concentrations in finishing beef steers. 

Steers were blocked by weight and initial plasma urea 

nitrogen (PUN) concentration in a 2 X 2 factorial 

arrangement. The treatments were: (1) control (no 

metabolic modifiers), (2) 120:24 mg of trenbolone 

acetate:estradiol (Revalor-S, Hoechst-Roussel Agri-Vet), 

(3) bovine somatotropin (Posilac, Monsanto) or 4) a 

combination of steroidal implants and bovine 

somatotropin. Steroid implants were given 17 d before 

the collection period. Steers receiving BST were given 

250 mg 17 d before and 500 mg 3 d before the collection 
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period began. Three days prior to the collection period, 

steers were fitted with jugular cannulaes for blood 

sampling. 

All steers were fed a typical high plains finishing 

diet (Table 3.1) at 2.5 times their maintenance 

requirement for energy as set by the NRC (1984). Diets 

for the metabolism trial were mixed on d 1 and d 5 of the 

collection period because of the high moisture grain used 

in the diet. The two diets had dry matter contents of 

82.5 and 82.7 % and crude protein levels of 14.5 and 14.7 

% (DM basis), respectively. Calculated net energy for 

maintenance of the diets was 2.02 Mcal/Kg (DM basis). 

Steers were handled and conditioned to the 

metabolism stalls prior to the trial. Steers were placed 

in the stalls for 9 days with the collections beginning 

on d 3 and ending on d 9. The indoor photo period was 

12:12 h(light:dark). 

Feed samples were taken each day of the collection 

period and analyzed separately for dry matter and crude 

protein. Steers were fed at 0700. Prior to feeding, 

orts were removed and weighed. Orts were later analyzed 

for dry matter and crude protein content. 

Daily fecal output was weighed and recorded. After 

weighing, the feces was mixed and then a 10% aliquot was 

removed. Samples were then stored with thymol crystals 

34 



in a refrigerator. At the end of the collection period, 

all aliquots for a steer were thoroughly mixed and a 10% 

aliquot was weighed, dried (60°C) and then allowed to air 

equilibrate before the dry weight was recorded. Samples 

were then ground in a Wiley mill to pass through a 1 mm 

screen before they were analyzed for dry matter and crude 

protein content. 

Collection of urine was done with the addition of 

200 ml of 1.2 N HCl to acidify the urine. Urine output 

plus the 200 ml of acid were measured with a graduated 

cylinder. A 10% aliquot was then removed and the samples 

were stored in the refrigerator. At the end of the 

collection period, the total sample was mixed thoroughly 

and 200 ml was removed and stored at -20°C for later 

analysis of nitrogen concentration. 

Blood samples for serum and plasma were taken at 

0600, 1200, 1800 and 2400 h on d 1, 4 and 7 of the 

collection period. Samples for serum were allowed to 

clot for at least 24 h and then centrifuged for serum 

collection. Serum was then filtered through a 20 micron 

filter. Serum was then stored at -20°C for muscle cell 

bioassays (Chapter I V ) . Blood samples were centrifuged, 

plasma was collected, and stored at -20°C for urea 

nitrogen analysis. Plasma urea nitrogen (PUN) 
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concentrations were be assayed using the hypochlorite-

phenol, spectrometer technique (Fawcett and Scott, 1960). 

The data were analyzed by the GLM procedures of SAS 

(1985). The metabolism trial data were analyzed with 

treatment and block in the model statement. Plasma urea 

nitrogen data were analyzed using a split plot in time 

analysis with treatment and block in the main plot and 

day, hour within day and treatment by day interaction 

tested in the subplot. 

Results and discussion 

Steers receiving BST consumed less feed than the 

steers receiving the REV (P < .10) and the BST/REV (P < 

.05) treatment (Table 3.2). No differences were found in 

fecal DM output (FDM) or dry matter digestibility due to 

treatments (P > .10). 

Nitrogen balance data are presented in Table 3.3. 

Due to decreased dry matter intake, BST treated steers 

tended to have lower nitrogen intake than the control 

steers (P = .20) and had significantly lower intake than 

the REV (P < .10) and the BST/REV treated steers (P < 

.05). No differences were present in total fecal or 

urinary nitrogen losses across treatments. 

Nitrogen absorbed tended to be higher in the REV and 

BST/REV treated steers relative to the controls (P < 
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.15). REV and BST/REV treated steers had significantly 

higher (P < .05) absorption of nitrogen compared to the 

BST treated steers. Retained nitrogen was highest for 

the BST/REV treated steers and lowest for the BST treated 

steers (P < .05). No differences due to treatment were 

found for percentage of nitrogen absorbed. However, 

BST/REV treated steers tended to retain a higher 

percentage of nitrogen consumed than the control steers 

and retained a higher percentage of nitrogen than the BST 

treated steers (P < .05). Steers receiving BST/REV and 

REV treatments had higher percentages of absorbed 

nitrogen retained than the BST treated steers (P < .05 

and P < .10, respectively). 

A treatment by day interaction affected PUN 

concentrations. This interaction occurred because of a 

dramatic increases in PUN concentrations for the REV and 

BST treated steers on d 7 of the collection period (Table 

3.4). The interaction removed overall treatment effects 

on plasma urea nitrogen verses the control except for the 

BST/REV treated steers. However, on d 1 and 4, PUN 

concentrations were additively decreased for the BST, REV 

and BST/REV treatments. 
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Implications 

These data indicate that steroidal hormones and 

somatotropin synergistically increase nitrogen retention 

in finishing beef steers. Also, on d 1 and 4, steroidal 

hormones and somatotropin depressed plasma urea nitrogen 

concentrations additively in finishing beef steers. The 

combination of increased nitrogen retention and depressed 

plasma urea nitrogen concentrations indicates that these 

hormones increase protein deposition through different 

mechanisms or that they work cooperatively in the body. 
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Table 3.1. Composition of diet (DM basis) . 

Ingredient Percent 
Sorghiom grain, steam-flaked 73.96 
Cottonseed hulls 9.33 
Cottonseed meal 7.80 
Animal/vegetable fat 2.00 
Molasses, cane 2.60 
Urea .50 
Rumensin premix^ .70 
Tylosin premix*^ .35 
Vitamin E premix° .20 
Vitamin A premix"^ .80 
Trace mineral premix® .18 
KCl .30 
NaCl .20 
CaC03 1.08 
^Contained 3,052 mg of monesin/kg of premix. 
^Contained 1833 mg of tylosin/kg of premix. 
^Contained 17,600 lU vitamin E/kg of premix. 
^Contained 660,000 lU vitamin A/kg of premix. 
^Contained (ppm of premix) : Mn, 8,609; Zn, 8,409; Cu, 

827; Co, 51; and I, 1,232. 
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Table 3.2. Effect of a steroid implant and somatotropin 
alone and in combination on dry matter digestibility in 

finishing steers. = ^ _ = = 
Item Control BST^ REV'' BST/REV^ SEM 

DMI, kg 5.80 4.90 6.39 6.67 .44 
FDM, kg 1.13 1.07 1.23 1.17 ..19 
DMD, % 80.7 77.5 80.7 82.2 2.9 

^ Bovine somatotropin 
^ Steroid implants (Revalor-S) 
"" Bovine somatotropin and steroid implants 
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Table 3.3. Effect of a steroid implant and somatotropin 
alone and in combination on nitrogen balance in finishing 

beef steers. 

N, 

N, 

Item 
g/d 
Intake 
Fecal 
Urine 
Absorbed 
Retained 

% 

Absorbed 
Retained 
Retained 
of absorbed 

Control 

136.2 
39.6 
45.3 
96.6 
51.3 

71.1 
37.6 

53.2 

BST^ 

115.1 
37.8 
42.6 
77.2 
34.6 

66.2 
26.5 

38.0 

REV*" 

150.0 
43.3 
44.7 

106.7 
61.9 

71.0 
41.3 

58.3 

BST/REV^ 

155.7 
41.3 
37.2 

114.4 
77.2 

73.2 
49.9 

68.3 

SEM 

10.4 
6.7 
5.0 
8.2 
9.0 

4.3 
5.8 

8.4 

^ Bovine somatotropin 
^ Steroid implants (Revalor-S) 
Bovine somatotropin and steroid implants 
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Table 3.4. Effect of a steroid implant and somatotropin 
alone and in combination on plasma urea nitrogen 
concentrations (mg/dl) in finishing beef steerŝ .̂  

Day Control BST' REV" BST/REV^ SEM 
0 
1 
4 
7 

O v e r a l l 

5 . 4 8 
6 . 1 8 
5 . 3 8 
6 . 5 3 
6 . 0 4 

4 . 9 6 
5 . 5 2 
5 . 2 5 
8 . 4 4 
6 . 4 0 

5 . 2 8 
4 . 8 8 
3 . 9 8 

1 0 . 0 3 
6 . 3 0 

5 . 2 0 
3 . 8 4 
3 . 4 2 
5 . 9 4 
4 . 4 0 

. 7 6 

. 4 3 

. 4 6 

. 6 9 

. 2 2 
^ Bovine somatotropin 
^ Steroid implants (Revalor-S) 
^ Bovine somatotropin and steroid implants 
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CHAPTER IV 

EFFECT OF SERUM FROM STEERS TREATED WITH A STEROIDAL 

IMPLANT AND SOMATOTROPIN ALONE AND IN 

COMBINATION ON IN VITRO MUSCLE CELL 

PROLIFERATION, PROTEIN SYNTHESIS 

AND DEGRADATION 

Abstract 

Serum from twelve crossbred steers was used to 

examine the effect of a steroidal implant and 

somatotropin on in vitro muscle cell proliferation, 

protein synthesis and degradation. The steer treatments 

were: (l)Control, (2) REV (1:5, TBA:E2), (3)BST (bovine 

somatotropin, Posilac) and (4) BST/REV (BST and REV) . 

Steers were fed a typical finishing diet consisting 

mainly of steam-flaked sorghum grain and cottonseed 

hulls. Beef muscle cells were obtained from primary 

cultures of hind limbs taken from fetal calves at a local 

abattoir. Cells were plated at 1000 cells/well in 96 

well tissue culture plates. Serum was incorporated at 5% 

with RPMI media. Protein synthesis and degradation were 

determined by using ^^C-mixtures of amino acids in bovine 

fetal muscle cells. Cell proliferation was determined by 

^H-thymidine incorporation by C2 rat myoblasts. Protein 
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synthesis was increased by REV (P = .09) and BST/REV (P = 

.06) relative to controls by serum taken on d 1 and 4, 

but the additive response was not present on d 7. Serum 

from steers given the steroid implant had no effect on 

protein degradation rate in bovine muscle cells. Serum 

from steers given BST had higher protein degradation 

rates than controls (+.96%, P = .08), however. Cell 

proliferation was lowest for serum from the controls and 

was synergistic (P = .07) for somatotropin and steroidal 

implants (4148, 4667, 5200 and 6445 CPM/well; control, 

REV, BST and BST/REV , respectively). These results 

indicate that serum from steers given a steroid implant 

and somatotropin increase in vitro muscle cell 

proliferation and muscle cell protein synthesis 

synergistically. Also, somatotropin increased muscle 

cell protein degradation while the steroid implant had no 

effect. 

Introduction 

The previous experiment (Chapter III) showed that 

somatotropin and a steroidal implant act synergistically 

in increasing nitrogen retention and depressing plasma 

urea nitrogen concentrations on d 1 and 4 of the 

collection period in finishing beef steers. The question 
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still remains, how do these metabolic modifiers affect 

protein deposition? Is it by increasing protein 

deposition or decreasing protein degradation? Reecy et 

al. (1994) determined the mitogenic characteristics of 

serum from steers infused with casein into the abomasum 

by measuring the protein turnover using rat L6 myoblasts 

These same techniques also could be used with metabolic 

modifiers to examine effects of these agents on in vitro 

protein turnover. The objectives of this study were to 

determine the effects of serum from steers given a 

steroidal implant and somatotropin alone and in 

combination on in vitro muscle cell proliferation, 

protein synthesis and degradation. 

Materials and methods 

Steers from the previous nitrogen balance trial were 

used for this trial. The treatments were: (1) control 

(no metabolic modifiers), (2) 120:24 mg of trenbolone 

acetate:estradiol (Revalor-S, Hoechst-Roussel Agri-Vet), 

(3) bovine somatotropin (Posilac, Monsanto) or (4) a 

combination of the steroidal implant and bovine 

somatotropin. The steroid implant was given 17 d before 

the start of the collection period. Steers receiving BST 

were given 250 mg 17 d before and 500 mg 3 d before the 
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start of the collection period. Three days prior to the 

collection period steers were fitted with jugular 

cannulaes for blood sampling. Blood samples were taken 

on d 1, 4 and 7 of the collection period at 0600, 1200, 

1800 and 2400 h. 

Blood samples were taken to the laboratory and 

stored in a refrigerator over night. The next morning, 

the blood samples were centrifuged and the serum was 

collected. The serum was then filtered through a 22 mm 

(SeraClear, Techtron) filter. Serum samples were then 

stored at -20°C for later muscle cell assays. Before the 

assays, equal aliquots of the serum were mixed for each 

steer within the four sampling times each day giving 

three samples per steer (i.e., d 1, 4 and 7 ) . 

Bovine muscle cells were harvested at Palo Duro 

Packing (Hereford, TX). Fetuses, approximately during 

the of 2nd trimester, were taken from the slaughtered 

cows. The fetuses were drained of blood and then placed 

on a disinfected surgical table for dissection of the 

muscle tissue. The hind limb was skinned and the muscle 

tissue was dissected. The dissected tissué (15 g) was 

placed in a 50 ml centrifuge tubes with adequate amounts 

RPMI media plus 10% fetal bovine serum. The tubes were 

then placed in a ice chest and transported to the Texas 
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Tech University Health Sciences Center in Lubbock, TX 

(travel time approximately 90 minutes). 

Once the tissue was in the lab, it was dissected 

into smaller pieces. The pieces of tissue were then 

placed in RPMI media with collagenase (141 lU/ml) and 

stirred for 12 h. The cells were then plated and grown 

in RPMI media with 10% fetal bovine serum at 37°C in 5% 

CO2 and 95% air with 100% humidity in an incubator. The 

cells were then allowed to grow until they seemed to be 

confluent and then were used for the muscle cell assays. 

The effect of the serum on protein synthesis and 

degradation was determined using primary cultures of 

bovine muscle cells. Protein synthesis was conducted 

using the procedures of Reecy et al. (1994). Cells were 

plated at 1000 cells/well in 96 well tissue culture 

plates in RPMI media with 10% fetal calf serum. After 

the cultures had been incubated for 3 d, the media was 

changed and after 6 d the test calf serum was added to 

the cultures (5% test calf serum with RPMI media). The 

cultures were incubated for 24 h and the media and test 

calf serum replaced with fresh media. After another 24 h 

incubation, 1 |iCi of a ^^C-amino acid mixture was added to 

each well. Following a 1 h incubation, the labeling 

media was removed and 50 |iL of .25 M NaOH was added to 

the cells. The cells were incubated at 37°C for 2 h and 
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then .50 |iL of .25 M trichloroacetic acid was added and 

the plates stored at 4°C overnight. The next morning the 

cells were harvested with a cell harvestor and counts of 

radioactivity were measured by liquid scintillation. 

Protein synthesis was determined by counts per well. 

Protein degradation assays were conducted following 

the procedures of Ballard et al. (1986). Beef muscle 

cells were grow to confluency in RPMI media with 10% 

fetal calf serum. The media was then replaced with RPMI 

media with 5% test calf serum. This media was replaced 

after 24 h of incubation at 37°C. After 24 h, 1 ̂ iCi of 

14C-amino acid mixture was added to each well and the 

cells were allowed to incorporate the amino acids for 24 

h. The labeling media was removed and the cells were 

washed twice with PBS. Next, 200 |xL of a RPMI chase 

media was added and the cells were incubated for 4 h. 

The chase media was removed and RPMI with 5% test calf 

serum was placed in the wells with the cells. Following 

a 4 h incubation with the test calf serum, the media was 

removed and transferred to a centrifuge tube. 

The media was centrifuged in a micro-centrifuge to 

separate the supernatant and monolayer. The supernatant 

was removed and a 100 \iL aliquot was measured for 

radioactivity by liquid scintillation. The precipitate 

was suspended in .5 ml of .25 M NaOH. The radioactivity 
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of a 100 |xL aliquot of the precipitate was then measured 

by liquid scintillation. 

The cell monolayer was treated with 50 |iL of .25 M 

NaOH and incubated at 37°C for 2 hr. Next, 50 |xL of cold 

.25 M trichloroacetic acid was added to each well. The 

plates were stored at 4°C overnight. The next morning 

the cells were harvested using a cell harvestor and 

radioactivity was measured by liquid scintillation. 

Protein degradation was calculated by the following 

equation: 

% protein degradation = (63/(^3 + Bp + Bĵ ) ) X 100 

B = counts per minute, 

t = total, 

s = supernatant, 

p = precipitate, 

m = monolayer. 

Cell proliferation tests were done by the procedures 

of Kotts et al. (1987). Rat C2 myoblasts were plated at 

1000 cells/well in 96 well plates in RPMI media 

containing 10% fetal bovine calf serum. The cells were 

allowed to attach for 24 h, the monolayer was rinsed with 

phosphate buffered saline (PBS) and then fed test media 

containing 5% test calf serum and incubated for 24 hr. 
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The culture media was then replaced with fresh media and 

12 h following replacement, 140 mL of 10 mCi/ml of 

tritium labeled thymidine was added to medium and the 

cells were incubated for 6 h at 37°C. The media was 

removed and 50 mL of .2 M NaOH was added to each well for 

a three hours. Next 100 mL of .25 M trichloroacetic acid 

was added to precipitate the protein and the 96 well 

plates were wrapped in celofain and stored in a 

refrigerator over night. The next morning, the cells 

were harvested using a cell harvester and incorporation 

of thymidine was determined by liquid scintillation as a 

measure of cell proliferation. 

Creatine phosphokinase concentrations were 

determined on the same serum samples as were tested with 

the muscle cells. The assay was done according to the 

procedures of the Sigma Chemical Co CPK kit. 

Results and discussion 

Protein synthesis data are presented in Figures 4.1, 

4.2, 4.3, and 4.4. Overall, serum from BST and REV 

treated steers had no effects on protein synthesis (P > 

.20). However, the same interaction for treatment and d 

for plasma urea nitrogen was also observed for protein 

synthesis (P = .01). Serum from steers treated with BST 
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and REV alone increased protein synthesis (P < .05) in 

bovine muscle cells relative to serum from control 

steers, but there was no additive response for the 

BST/REV serum (Figure 4.4). However, on d 1 and 4 there 

was a synergistic response for BST, REV and BST/REV for 

protein synthesis in primary cultures of bovine muscle 

cells (Figures 4.1 and 4.2). These results on d 1 and 4 

mimic the PUN depression response and fall in line with 

the nitrogen retention data. 

Protein degradation in bovine muscle cells was 

minimally affected by hormone treatment (Figure 4.5). 

There were no significant interactions observed (P > .20) 

in protein degradation. Serum from steers given a 

steroid implant had no affect on protein degradation (P > 

.20). However, serum from steers treated with BST 

increased (P = .08) the rate in which bovine muscle cells 

degraded protein. 

Results for the effects of serum from steers treated 

with a steroid implant and somatotropin alone and in 

combination on rat C2 myoblast proliferation are 

illustrated in Figure 4.6. There was no interaction for 

cell proliferation between serum from steers treated with 

steroid hormones or somatotropin (P > .20). Serum from 

steers treated with both somatotropin and a steroid 
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implant alone increased C2 myblast proliferation in vitro 

numerically relative to serum from control steers (5200, 

4667 and 4148 CPM/well, respectively. However, serum 

from the BST/REV treated steers syngergistically 

increased rat C2 myoblast cell proliferation relative to 

serum from control steers (P = .02). 

Creatine phosphokinase assays were performed to 

further explain the increase in protein degradation rates 

in muscle cells given serum from steers treated with BST. 

There were no interactions due to treatment for creatine 

phosphokinase activity in steers (P > .20). Creatine 

phosphokinase activity (Figure 4.7) was elevated in 

steers treated with BST alone relative to controls (P = 

.19). Creatine phosphokinase acitvity is positively 

correlated with protein degradation in the body. This 

may explain the increased in vitro protein degradation in 

the BST treated steers but still leaves a question as to 

why the BST/REV treated steers exhibited increased rates 

of protein degradation rates because their creatine 

phosphokinase activities were similar to that of the 

controls and REV treated steers. 
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Implications 

The above results indicate that a steroid implant 

increases protein synthesis while having minimal affects 

on protein degradation in primary cultures of bovine 

muscle cells. Excluding d 7, protein synthesis was 

synergistically increased with the addition of serum from 

steers treated with a steroid implant and somatotropin in 

bovine muscle cells. Serum from steers treated with a 

steroid implant had no effect on protein degradation 

while serum from steers treated with somatotropin 

increased the protein degradation rates in bovine muscle 

cells. Serum from both steroid implant and somatotropin 

treated steers increased the cell proliferation of rat C2 

myoblasts and the combination synergistically increased 

cell proliferation. Somatotropin treated steers had 

increased levels of CPK which would indicate increased in 

vitro rate of protein degradation. 

It can be concluded that somatotropin and a steroid 

implant increase cell proliferation of myoblasts and 

increase protein deposition in cultured bovine muscle 

cells synergistically. This increase in protein 

deposition is caused by increasing protein synthesis with 

minimal effects on protein degradation. 
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Figure 4.1. Effect of serum (d 1 of collection) from 
steers treated with a steroid implant and somatotropin 
alone and in combination on protein synthesis in fetal 
bovine muscle cells in vitro. 

54 



Contol 

Figure 4.2. Effect of serum (d 4 of collection) from 
steers treated with a steroid implant and somatotropin 
alone and in combination on protein synthesis in fetal 
bovine muscle cells in vitro. 
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Figure 4.3. Effect of serum (d 7 of collection) from 
steers treated with a steroid implant and somatotropin 
alone and in combination on protein synthesis in fetal 
bovine muscle cells in vitro. 
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Figure 4.4. Effect of serum (over total collection 
period) from steers treated with a steroid implant and 
somatotropin alone and in combination on protein 
synthesis in fetal bovine muscle cells in vitro. 
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Figure 4.5. Effect of serum from steers treated with a 
steroid implant and somatotropin alone and in combination 
on protein degradation in bovine muscle cells. 
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Figure 4.6. Effect of serum from steers treated with a 
steroid implant and somatotropin alone and in combination 
on cell proliferation of rat C2 muscle cells. 
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Figure 4.7. Effect of a steroid implant and somatotropin 
alone and in combination on creatine phosphokinase 
activity in finishing beef steers. 
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CHAPTER V 

DIRECT EFFECTS OF CHOLESTEROL, TRENBOLONE ACETATE, 

ESTRADIOL AND PROGESTERONE ON BEEF MUSCLE 

CELL PROTEIN SYNTHESIS 

Abstract 

Protein synthesis was examined by treating primary 

cultures of bovine muscle cells with the following 

treatments: (1) control, (2) cholesterol, (3) trenbolone 

acetate and estradiol (1:5 TBA:E2), (4) estradiol and 

progesterone (1:10 E2:P4), or (5) estradiol. Bovine 

muscle cells were plated at 1000 cells/well in 96 well 

tissue culture plates. Steroids were diluted initially 

with ethanol and water, and finally with RPMI media to 

obtain 50 pg/ml of estradiol equivalence in the media 

added to the cells. The cells were incubated with the 

steroids for 24 h at 37°C. Protein synthesis was 

determined by incorporation of ^̂ C-radio labeled mixtures 

of amino acids in fetal bovine muscle cells. Cholesterol 

stimulated protein synthesis above the control (+42 %, P 

< .05). The addition of estradiol, trenbolone acetate 

and estradiol, or estradiol benzoate and progesterone had 

no effects (P > .20) on fetal bovine muscle cell protein 

synthesis. These data indicate that steroids have no 
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direct effects on protein synthesis in cultured bovine 

muscle cells. 

Introduction 

There are many estrogenic and androgenic receptors 

in skeletal muscle (Sauerwein and Meyer, 1989; Bechet et 

al., 1986; Meyer and Rapp, 1985). Sauerwein and Meyer 

(1989) observed that estrogenic and androgenic receptors 

are either inactive or active. Inactive estrogen and 

androgen receptors float unbound in the cytosol. The 

steroid passes through the plasma membrane and binds to 

its receptor. The receptor is then active. The active 

receptor and its bound hormone then translocate to the 

nuclear membrane in the cell where it is thought to 

stimulate protein synthesis. 

The estrogen receptors found in skeletal muscle are 

similar to those found in classical estrogen target 

tissues (i.e., uterus) (Meyer and Rapp, 1985; Dahlberg, 

1982). Therefore, skeletal muscle should be thought of 

as a target tissue for estrogen (Meyer and Rapp, 1985). 

The receptors in the uterine and skeletal muscle tissues 

have the same affinities for estrogen. The main 

difference is that there are fewer receptors in skeletal 

muscle than in uterine tissue. There could be direct 
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effect of estrogen on skeletal muscle but it may not be 

detectable. Freychuss et al. (1993) observed a 10% 

decrease in receptor numbers gave no response to estrogen 

treatment. 

Roeder et al. (1986) reported that steroids do not 

directly affect protein synthesis or degradation in rat 

muscle cells. This has not been attempted with bovine 

muscle cells. The objectives of this study were to 

observe the direct affects of trenbolone acetate and 

estradiol on protein synthesis in primary cultures of 

bovine muscle cells in vitro. 

Materials and methods 

Protein synthesis was examined by treating primary 

cultures of bovine muscle cells with the following 

treatments: (1) control, (2) cholesterol (Sigma Chemical 

Co.), (3) trenbolone acetate and estradiol (Revalor-S, 

Hoechst-Roussel Agri-Vet Co.), (4) estradiol and 

progesterone (Synovex-S, Fort Dodge Laboratories) or (5) 

estradiol (Sigma Chemical Co.). Cholesterol was chosen 

as a treatment because it is commonly used as the carrier 

for steroidal implants. The trenbolone acetate source 

was obtained by crushing a Revalor-S implant (120:24 

TBA:E2; Hoechst-Roussel Agri-Vet Co.) and solubilizing it 
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in ethanol. The estradiol and progesterone source was 

obtained by crushing a Synovex-S implant (20:200, E2:P4; 

Fort Dodge Laboratories) and solubilizing it in ethanol. 

The implants were weighed and the difference between 

the mass of the implant and the amount of steroids 

present indicated the amount of cholesterol present. 

This amount of cholesterol was similar (48 mg) for both 

the Revalor-S and Synovex-S implants. Steroid-ethanol 

solutions were diluted with water and RPMI media with 5% 

fetal calf serum to obtain 50 pg/ml of estradiol 

equivallence in the media added to the cells. 

The solutions mentioned above were added to the 

cells and they were incubated for 24 h at 37°C under 5% 

C02/95% 02 conditions. After incubation with the 

steroids, 1 íiCi of ^^C-amino acid mixture was added and 

the cells were incubated for 4 h. The labeling media was 

removed and 50 îL of .25 M NaOH was added. After 

incubation for 2 h at 37°C, 50 ^L of cold .25 M 

tricholoacetic acid was added and the plates were stored 

at 4°C overnight. The next morning the cells were 

harvested using a cell harvestor and the incorporation of 

radio labeled amino acids was measured by liquid 

scintillation. 

64 



Results and discussion 

Results of the direct effect of steroids are 

represented in Figure 5.1. Cholesterol stimulated 

protein synthesis above the control (P < .05). The 

addition of estradiol, trenbolone acetate and estradiol, 

or estradiol benzoate and progesterone did not result in 

an increase in protein synthesis in bovine muscle cells 

(P > .20). 

The increase in incorporation of amino acids in 

bovine muscle cells due to cholesterol may be caused by 

an increase in proteoglycan accumulation. Vijayagopal 

(1993) observed that cholesterol-enriched arterial smooth 

muscle cells increased proteoglycan synthesis by 40-50% 

in vitro. The protein synthesis results are consistent 

with data from rat muscle cells (Roeder et al., 1986) 

indicating that steroids have no direct effects on the 

protein synthesis of muscle cells. Although estrogen 

receptors in the uterine and skeletal muscle tissues have 

the same affinities, there are fewer receptors in 

skeletal muscle than in uterine tissue (Meyer and Rapp, 

1985) . Estrogens and androgens could bind to receptors 

in the skeletal muscle but a 10% decrease in receptor 

numbers may not result in a detectable response to 

estrogen or androgen treatment (Freychuss et al., 1993). 
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Figure 5.1. Direct effects of different steroids on 
protein synthesis in bovine muscle cells in vitro. 
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CHAPTER VI 

EFFECT OF VARYING RATIOS AND DOSAGES OF ESTRADIOL AND 

TRENBOLONE ACETATE ON FEEDLOT PERFORMANCE AND 

PLASMA UREA NITROGEN CONCENTRATIONS IN 

FINISHING BEEF STEERS 

Abstract 

Crossbred steers (n = 392; wt. = 356 +4.35 Ib.) 

were used to examine the effects of steroidal implants 

differing in the ratios and dosages of trenbolone acetate 

and estradiol on feedlot performance and plasma urea 

nitrogen concentration in finishing steers. The 

steroidal implant treatments were (1) Control, (2) 30 mg 

E2, (3) 300 mg TBA, (4) 10:100 mg E2:TBA, (5) 20:200 mg 

E2:TBA, (6) 30:300 mg E2: TBA and (7) 24:120 mg E2:TBA 

(Revalor-S, Hoechst-Roussel Agri-Vet Co.). Steers were 

blocked by weight (56 pens, 8 blocks). The diet (13.3% 

CP, DM basis) was a typical finishing diet consisting of 

steam-flaked sorghum grain and cottonseed byproducts. 

Steers were implanted on d 0. For this experiment 

weights were recorded on d 0 and 28 and blood samples 

were taken on d 28 from a pen subsample (2 hd/pen) for 

plasma urea nitrogen analysis. Implanted steers had 

increased ADG (P < .05) and gain efficiencies (P < .05) 
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relative to non-implanted cattle. Steers implanted with 

300 mg TBA had the lower DMI, while other implants tended 

to increase DMI relative to controls. The minimal dosage 

of E2 for maximal ADG and gain efficiency is 20 mg 

regardless of TBA levels. Estradiol and TBA additively 

increased ADG and gain efficiency. The increase in gain 

efficiency was due to TBA decreasing DMI regardless of E2 

dosage (relative to E2 alone) while having similar ADG. 

There were minimal differences between the 1:10 ratio of 

TBA:E2 at similar levels of E2 relative to the 1:5 ratio. 

Plasma urea nitrogen concentrations were depressed in 

steers receiving steroidal implants, except for steers 

receiving 30 mg E2. However, there were no differences 

in PUN concentrations among different ratios or dosages 

of estradiol or trenbolone acetate. These results 

indicate that the minimal dosage of E2 for maximal 

feedlot performance is 20 mg and the addition of TBA with 

E2 increases feedlot performance additively. 

Introduction 

Androgenic and estrogenic compounds have been used 

in combination for the last five years to increase 

average daily gain and feed efficiency in beef steers. 

This has been reviewed by many scientists (Buttery et 
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al., 1978; Trenkle, 1969, 1976; Preston and Willis, 1970; 

Preston, 1975, 1987; Galbraith and Topps, 1981; Hancock 

et al., 1989, 1991; Roche and Quirke, 1986; Unruh, 1986; 

Tucker and Merkel, 1987). The question has arisen as to 

the dose and ratio of these two steroids for maximum gain 

and feed efficiency. The objectives of this trial were 

to examine the effects of varying ratios and dosages of 

estradiol and trenbolone acetate on feedlot performance 

and plasma urea nitrogen concentrations in finishing beef 

steers. 

Materials and methods 

Continental crossbred steers (n=392, wt. 356 ĵ  4.3 

kg) were used in a randomized complete block design to 

examine the feedlot performance and plasma urea nitrogen 

concentration of finishing beef steers implanted with 

varying ratios and dosages of estradiol and trenbolone 

acetate. The steers were purchased from two ranches in 

Nebraska and were transported to the Burnett Center for 

Beef Cattle Research and Teaching in New Deal, TX. Steers 

were processed immediately after being received. They 

were vaccinated with an intramuscular 4-way viral 

(Bovishield 4, Miles Laboratories) and a subcutaneous 

clostridium vaccines (Siteguard G, Coopers or Ultrabac 
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C&D, Smith-Klein-Beecham) and an oral dose of 

fenbendazole (Safe-guard, Hoechst Roussel Agri-Vet Co.) 

as an anthelmintic. Ears were palpated at this time for 

previous implants which were explanted prior to the start 

of the trial. The steers were allowed 21 d to become 

familiar with their surroundings, recover from the stress 

of transporting and processing, and adapt to their final 

diet. 

On d 0, steers were given one of seven steroid 

implant treatments: (l)none (control), (2) 30 mg E2, (3) 

300 mg TBA, (4) 10:100 mg E2:TBA, (5) 20:200 mg E2:TBA, 

(6) 30:300 mg E2:TBA, or (7) 24:120 mg E2:TBA (Revalor-S, 

Hoechst Roussel Agri-Vet Co.). Steers were divided by 

source and phenotype and blocked by weight (7 hd/pen, 8 

blocks, 56 pens). 

Steers were fed a typical High Plains finishing diet 

(Table 6.1). The concentrate source was steam-flaked 

sorghum grain and the roughage source was cottonseed 

hulls and pelleted cotton burrs. The diet was balanced 

to contain 13.3% CP (DM basis). No ionophores or 

antibiotics were incorporated in the diet. 

Weights were recorded on d 0, 28, 77 and the d of 

slaughter (d 105, heavy weight blocks or d 133, light 

weight blocks). Daily amounts feed delivered to each pen 
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was recorded by the computer system at the Burnett 

Center. Feed thrown out was subtracted from feed 

delivered to calculate feed consumed by the steers for 

the respective feeding periods. The pay out of the 

implants for gain and gain efficiency was calculated for 

each period as a percent of the gain and gain efficiency 

of the control steers. 

Blood samples were taken on d 28 from a pen 

subsample (2 hd/pen) for plasma urea nitrogen 

determination. The first two properly implanted steers 

for each pen were selected as the subsample. On d 28, 

ears were palpated for the presence of implants. 

Analysis of variance was computed by the GLM 

procedures of SAS (1985) . The model statement contained 

the treatment and block. Average daily gain, dry matter 

intake, gain efficiency and plasma urea nitrogen 

concentrations were also analyzed by stepwise regression 

with estradiol, estradiol squared, estradiol cubed, 

trenbolone acetate, trenbolone acetate squared, 

trenbolone acetate cubed and block in the model 

statement. 
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Results and discussion 

Steers implanted with 300 mg of TBA had similar 

gains for the first 28 d as the controls (Figure 6.1). 

All other implants had increased ADG relative to controls 

(P < .05). When TBA was implanted with estradiol 

(regardless of estradiol dosage) , ADG increased (P < 

.05). Estradiol alone increased ADG relative to controls 

(P < .05). Numerically the 20:200 and 30:300 implants 

had the highest ADG for the first 28 d after implanting. 

The regression analysis (Table 6.3) indicates that 

estradiol linearly increased ADG for the first 28 d (P < 

.005). Trenbolone acetate quadratically increased ADG 

during this period (P = .39). 

Implanting steers with estradiol alone increased DMI 

(P < .05, Figure 6.2). However, the steers implanted 

with 300 mg of TBA or 10:100 had lower DMI than the 

control steers. Steers implanted with 30 mg of E2 had 

numerically the highest DMI. There was no difference in 

DMI for steers implanted with 20:200, 30:300 or 24:120 

relative to control steers during this period. The 

regression analysis (Table 6.3) indicates that estradiol 

increased DMI linearly (P = .0067). It was quite evident 

in Figure 6.2 that as estradiol level increased, DMI 

increased. However, the regression analysis found that 

TBA linearly decreased DMI (P = .0204). This can be seen 
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in Figure 6.2 when 300 mg of TBA was used alone or added 

to 30 mg of E2 DMI decreased relative to contols and the 

30 mg of E2 treatments. Steers implanted with the 1:5 

and 1:10 TBA:E2 ratios had similar DMI during the first 

28 d. 

Implanted steers had higher gain efficiency than 

non-implanted steers (P < .05). Both TBA and E2 alone 

increased the gain efficiency (Figure 6.3) relative to 

the controls (P < .05). Implanting steers with 300 mg 

TBA alone decreased gain efficiency relative to other 

implants. The additive response was similar for TBA, E2 

and TBA:E2 for gain efficiency as compared to ADG. 

During the first period, the 20:200 and 30:300 implanted 

steers had the highest gain efficiencies. There was a 

small numerical increase for the 1:10 (20:200 and 30:300) 

ratio TBA:E2 treated steers relative to the 1:5 (24:120) 

ratio, but this response was not significant. Estradiol 

linearly increased gain efficiency during the first 

period (P < .005), while trenbolone acetate linearly and 

quadratically increased gain efficiency (P = .39 and P = 

.22, respectively). It seems that the increase in gain 

efficiency due to combining TBA and E2 is because the TBA 

decreases the intake relative to E2 alone while having 

similar ADG. 

73 



Plasma urea nitrogen concentrations were depressed 

in the implanted steers relative to the controls except 

for steers implanted with 30 mg of estradiol (P < .05, 

Figure 6.4.) The PUN concentrations were similar across 

all implant treatments. Trenbolone acetate linearly and 

quadratically depressed PUN concentrations in steers (P = 

.02 and P = .06), while there was a tendency for 

estradiol to linearly decrease PUN concentrations (P = 

.30) . This would allow one to hypothesize that the 

increase in protein deposition might be similar across 

all implant treatments. 

Over the entire feeding trial (avg. d on feed = 

119) , implanting steers with 30 mg E2 alone and 300 mg 

TBA alone had no effect on gain relative to control 

steers (Figure 6.5). The highest gains relative to 

controls were steers implanted with either the 20:200, 

30:300 or 24:120 implants. The regression analysis 

(Table 6.4) indicates that estradiol linearly increases 

gain (P = .02) and trenbolone acetate quadratically 

increases gain (P = .10) in steers. 

Dry matter intake by steers implanted with 

trenbolone acetate alone was similar to the control 

steers (P > .10; Figure 6.6) over the entire feeding 

trial. Steers implanted with 20:200, 30:300 or 24:120 

implants had significantly higher DMI than the control 
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steers. Estradiol linearly increased DMI (P < .005) and 

trenbolone acetate tended to linearly decrease DMI (P = 

.19) . 

The gain efficiency for steers implanted with 30 mg 

of estradiol alone was similar to that of the control 

steers (Figure 6.7). Gain efficiency of steers implanted 

with the other implants was improved relative to the 

controls (P < .05). The largest improvement in gain 

efficiency was observed in steers implanted with the 

20:200 or 30:300 steroid implants. Gain efficiency was 

improved (P = .06), when steers were implanted with 1:10 

(20:200 and 30:300 vs. 24:120) ratios compared to 1:5 

ratios of TBA:E2 were compared. Trenbolone acetate 

linearly and quadratically improved gain efficiency in 

steers (P = .05 and P = .07), while estradiol tended to 

linearly improve gain efficiency (P = .18). 

Duration of anabolic response based on gain was 

improved by all implants through d 77 relative to the 

control steers (Figure 6.8). However, after d 77 the 

steers implanted with estradiol or trenbolone acetate 

alone had lower period gains than the controls. Duration 

of anabolic response based on gain efficiency was 

improved by all implants through d 28. During the period 

from d 28 to d 77, the steers implanted with estradiol 

alone had lower gain efficiency than the control steers. 
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Steers receiving all other implants had higher period 

gain efficiencies than the control steers during this 

second period. During the final feeding period, none of 

the implants improved gain efficiency in finishing beef 

steers. This indicates that steers should be implanted 

again between 28 and 77 d for estradiol implants and 

between d 77 and 119 for estradiol:trenbolone acetate 

implants. 

Implications 

These data indicate that implants increase the gain 

and gain efficiency of finishing beef steers. The 

highest gains were observed in steers implanted with 

20:200 and 30:300 mg E2:TBA. Trenbolone acetate 

decreased DMI of steers relative to the controls and E2 

implanted steers. This could indicate that the increase 

in gain efficiency observed in steers implanted with the 

combination of estradiol and trenbolone acetate is due to 

the increase in ADG by estradiol and the decrease in DMI 

by the trenbolone acetate. Steers implanted with 20:200 

or 30:300 had improved gain efficiencies for the overall 

feeding period compared to steers implanted with 24:120. 

Otherwise, there were minimal differences between the 1:5 

or 1:10 ratios of TBA:E2 on feedlot performance. Plasma 

urea nitrogen concentrations were depressed by all 
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implants, except for the 30 mg of E2 alone, relative to 

the control steers. The pay out data indicates that 

estradiol causes a marked increase in gain and gain 

efficiency for the first 28 d which then declines. This 

may indicate that the combination of trenbolone acetate 

with estradiol sustains the release of estradiol and 

maintain the payout of the implant over a longer period 

of time. 
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Table 6.1. Composition of diet (DM basis). 

Ingredient % 
Sorghum, steam-flaked 76.8 
Cottonseed hulls 4.8 
Pelleted cotton burrs 5.0 
Cottonseed meal 4.5 
Urea .62 
Calcium carbonate .77 
Dicalcium phosphate .12 
Salt .21 
Potassium chloride .13 
Trace mineral premix^ .20 
Vitamin A premix'^ .35 
Vitamin E premix"" .50 
Animal/vegetable fat 1.9 
Cane molasses 4 .1 
^Contained (ppm of premix): Mn, 8,609; Zn, 8,409; Cu, 

827; Co, 51; and I, 1,232. 
^Contained 660,000 lU vitamin A/kg of premix. 
^Contained 17,600 lU vitamin E/kg of premix. 
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Table 6.2. Implant palpation summary. 

Treatment Implants present Observations 

Control 

30 mg E2 

300 mg TBA 

0/56 

38/56^ 

54/56 

10:100 mg E2:TBA 56/56 

20:200 mg E2 : TBA 55/55^5 

30:300 mg E2:TBA 54/56 

24:120 mg E2:TBA 
(Revalor-S) 56/56 

3 abscessed 
2 bunched 
10 in cartilage 

3 abscessed 
8 bunched 

4 abscessed 
2 bunched 

4 abscessed 
1 bunched 

9 abscessed 
10 bunched 
1 partial 
2 near head 

1 abscessed 
1 bunched 

^Some uncertainty as to whether the implants were 
present. 

t>one steer died on trial. 
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Figure 6.2. Effect of varying ratios and dosages of 
estradiol and trenbolone acetate on dry matter intake of 
finishing beef steers for the first 28 d after 
implantation. 
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Figure 6.4. Effect of varying ratios and dosages of 
estradiol and trenbolone acetate on plasma urea nitrogen 
(PUN) concentrations in finishing beef steers 28 d after 
implantation 
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Figure 6.5. Effect of varying ratios and dosages of 
estradiol and trenbolone acetate on gain of finishing 
beef steers during a 119 d feeding period. 
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Figure 6.6. Effect of varying ratios and dosages of 
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finishing beef steers during a 119 d feeding period. 

85 



E 
o o o 

c 
•H 
(d 
o 

Control 30:0 0:300 10:100 20:200 30:300 24:120 

Estradiol:Trenbolone acetate, mg 
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Figure 6.9. Gain efficiency response to varying ratios 
and dosages of estradiol and trenbolone acetate (E2:TBA) 
in finishing beef steers relative to controls. 
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Table 6.3. Results from stepwise regression analysis for 
the first 28 d after implantation on average daily gain 
(ADG), dry matter intake (DMI), gain efficiency (GF) and 
plasma urea nitrogen concentrations (PUN) in steers 
implanted with varying ratios and doses of estradiol and 
trenbolone acetate. 

Item 
PIADG, kg 

PIDMI, kg 

PIG/IOOODM 

PUN, mg/dl 

^Cumulative 

Variable 
Intercept 

E2 
BLK*" 
TBA 
TBA^ 

Intercept 
BLK 
E2 
TBA 
TBA^ 

Intercept 
E2 
BLK 
TBA^ 
TBA 

Intercept 
TBA 
TBA^ 
E2 
BLK 

R'̂  by stepw: 

Coefficient 
1.1804 
.0000149 
.01924 

.0000000005 
.0000109 

9.13447 
-.103506 
.0000151 

-.000000001 
.0000195 

127 
.001426 

4.2338305 
.001589 

.00000033 

9.04 
-.00000005 
-.0001541 
-.00002543 
-.0651 

Lse addition. 

ĵ .a 

.22 

.24 

.25 

.25 

.21 

.34 

.40 

.41 

.17 

.26 

.27 

.28 

.06 

.11 

.13 

.14 

SE 
.107723 
.0000038 
.0173442 
.00000001 
.0000126 

.1488159 

.0239605 

.0000053 
.00000001 
.0000174 

11.0189 
.0003969 
1.77413 
.001293 
.00000038 

.67238231 

.00000002 

.00007893 

.00002422 

.10825909 

P value 
.0001 
.0003 
.2726 
.8303 
.3915 

.0001 

.0067 

.0001 

.0204 

.2696 

.0001 

.0007 

.0208 

.2249 

.3858 

.0001 

.0248 

.0565 

.2988 

.5503 

b Blk designation; 1 = heaviest blk, 8 = lightest blk. 
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Table 6.4. Results from stepwise regression analysis for 
overall average daily gain (ADG), dry matter intake (DMI) 
and gain efficiency (GF) in steers implanted with varying 
^atios and doses of estradiol and trenbolone acetate. 

Item 
ADG, kg 

DMI, kg 

G/1000 DM 

^Cumulative 
^ Blk desig 

Variable 
Intercept 

BLK^ 
E2 
TBA^ 
TBA 

Intercept 
BLK 
E2 
TBA 
TBA^ 

Intercept 
TBA 
TBA^ 
E2 
BLK 

Coefficient 
1.4756 
-.0326 
.0000054 
.0000118 

.000000005 

9.66 
-.1493 
.000022 

-.000000009 
.0000198 

152 
.00000031 
.000986 
.000228 
-.9903 

R̂  by stepwise addition. 
nation; 1 = = heaviest blk 

ĵ .a 

.17 

.23 

.27 

.28 

.32 

.44 

.47 

.48 

.04 

.08 

.11 

.14 

, 8 = 

SE 
.059028 
.009504 
.0000021 
.0000069 
.00000001 

.1656838 

.0266764 

.0000059 
.00000001 
.0000194 

4.6127128 
.00000016 
.00054151 
.00016617 
.74268477 

P value 
.0001 
.0012 
.0134 
.0946 
.4010 

.0001 

.0001 

.0006 

.1886 

.3124 

.0001 

.0547 

.0747 

.1756 

.1884 

lightest blk. 
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CHAPTER VII 

EFFECT OF SERUM FROM STEERS IMPLANTED WITH DIFFERENT 

RATIOS AND DOSAGES OF TRENBOLONE ACETATE AND 

ESTRADIOL ON MUSCLE CELL PROLIFERATION, 

PROTEIN SYNTHESIS AND DEGRADATION 

Abstract 

Subsamples of steers (2 hd/pen) from 56 pens were 

used to examine the effects of serum from steers 

implanted with different ratios and dosages of trenbolone 

acetate and estradiol on muscle cell proliferation, 

protein synthesis and degradation. The implant 

treatments were (1) Control, (2) 30 mg E2, (3) 300 mg 

TBA, (4) 10:100 mg E2:TBA, (5) 20:200 mg E2:TBA, (6) 

30:300 mg E2:TBA and (7) 24:120 mg E2:TBA. Steers were 

implanted on d 0 and blood samples were collected via 

jugular puncture on d 28. Steers were fed a typical 

finishing diet consisting mainly of steam-flaked sorghum 

grain and cottonseed byproducts. Cell proliferation was 

tested by the incorporation of ^H-thymidine into rat C2 

myoblasts. Protein synthesis and degradation were 

determined using a mixture of "̂C-amino acids with primary 

cultures of fetal bovine hind limb muscle cells. The 

cells were plated at 1000 cells/well. Test serum was 
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incorporated at 5% in RPMI media. Cell proliferation was 

lowest for the cells treated with serum from the steers 

implanted with 300 mg TBA (P < .05). Serum from steers 

treated with combinations of E2 and TBA tended to have 

higher cell proliferation rates. Implants had no effect 

on in vitro protein synthesis in bovine muscle cells. 

Serum from steers implanted with 20:200 mg E2:TBA gave 

the lowest rate of protein degradation in bovine muscle 

cells. These results do not give a definitive indication 

as to how steroidal implants affect protein synthesis or 

degradation in the bovine muscle cells. 

Introduction 

Steroidal implants increase protein deposition in 

the body of ruminants. There have been many theories as 

to how steroids increase protein deposition. An increase 

in protein synthesis or a decrease in protein degradation 

could explain the mechanism by which steroids increase 

protein deposition. The preceding chapter indicated that 

implants differing in ratios and dosages of estradiol and 

trenbolone acetate increase average daily gain and gain 

efficiency of finishing steers. The objectives of this 

study were to examine the effect of serum from steers 

given different ratios and dosages of estradiol and 
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trenbolone acetate on proliferation, protein synthesis 

and degradation in cultured muscle cells. 

Materials and methods 

Steers from the previous feedlot trial were used to 

determine the effects different ratios and dosages of 

estradiol and trenbolone acetate on the mitogenic 

activity of serum from finishing beef steers on muscle 

cells in vitro. Steers (2 hd/pen) were selected 

randomly. These steers were implanted on d 0 with one of 

the following treatments: (1) none (control) , (2) 30 mg 

of estradiol (E2), (3) 300 mg of trenbolone acetate 

(TBA), (4) 10:100 mg E2:TBA, (5) 20:200 mg E2:TBA, (6) 

30:300 mg of E2:TBA or (7) 24:120 mg of E2:TBA. Steers 

were bled via jugular puncture 28 d after implanting. 

Blood samples were taken to campus and stored over 

night. The next morning, the blood samples were 

centrifuged and the serum was collected, filtered through 

a 22 mm sera-clear filter and stored at -20°C for later 

bovine muscle cell assays. 

Bovine muscle cells were harvested at Palo Duro 

Packing (Hereford, TX). Fetuses, approximately during 

the 2nd trimester, were taken from the slaughtered cows. 

The fetuses were drained of blood and then taken to a 
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surgical table for dissection of the muscle tissue. 

After disinfecting the work area, the hind limb was 

skinned and the muscle tissue dissected. The dissected 

tissue (5 g) was placed in a flask with RPMI media with 

10% fetal bovine serum. The flasks were then placed in a 

ice chest and transported to the Health Sciences Center 

in Lubbock, TX (travel time approximately 90 minutes). 

Once the tissue was in the lab, it was dissected 

into smaller pieces. The pieces of tissue were then 

mixed in RPMI media with collagenase (141 lU/ml) for 12 

h. The cells were then plated and grown in RPMI medium 

with 10% fetal bovine serum at 3TC in 5% CO^ and 95% air 

with 100% humidity in an incubator. The cells were then 

allowed to grow until they were confluent. 

The effect of the serum on protein synthesis and 

degradation was determined using primary cultures of 

bovine muscle cells. Protein synthesis was conducted 

using the procedures of Reecy et al. (1994). Protein 

degradation assays were conducted according to the 

Ballard et al. (1986). Please refer to Chapter IV for 

these procedures. 

Cell proliferation assays were done by the 

procedures of Kotts et al. (1987). The rat C2 muscle 
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cell line was used for this procedure. Please refer to 

Chapter IV for these procedures. 

Results and discussion 

The effect of serum from steers treated with 

different implants had minimal or no effects on protein 

synthesis or degradation in muscle cells. There were no 

effects or trends for serum from implanted or non-

implanted steers on protein synthesis in primary cultures 

of fetal bovine muscle cells (Figure 7.1). Protein 

degradation (Figure 7.2) rates were the lowest for the 

cells treated with serum from steers receiving the 200:20 

mg TBA:E2 implants. This response fits the feedlot 

performance data with the 200:20 mg TBA:E2 implants being 

the minimal dosage for maximal gains and gain efficiency. 

However, there was a lack of response from the rest of 

the steroidal implants. This was somewhat reflected in 

the minimal differences in PUN concentrations due to 

these steroidal implant treatments but not in their 

feedlot performance effect. 

Minimal responses (Figure 7.3) were observed for the 

effects of serum from steers regardless of steroidal 

treatment on the proliferation of rat C2 myoblasts. 

Serum from steers treated with 300 mg of TBA had the 

lowest cell proliferation activity relative to the 
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control serum (P = .07). Serum from steers receiving the 

TBA:E2 combinations, except for the 300:30 mg treatment, 

had numerically higher cell proliferation activity but 

were not statistically different from serum from control 

steers. These results indicate that TBA:E2 combination 

has some positive effects on rat C2 myoblast 

proliferation which follows similar trends to the plasma 

urea nitrogen concentrations in the steers recorded in 

the previous chapter. 

Implications 

The serum from steers receiving different ratios and 

dosages of estradiol and trenbolone acetate had minimal 

effects on muscle cells in vitro. Combination implants 

of TBA and E2 seemed to increase muscle cell 

proliferation of rat C2 myoblasts. Steroid implants had 

no significant effect on protein synthesis or degradation 

in primary cultures of fetal bovine muscle cells. 
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Figure 7.1. Effect of serum from steers implanted with 
varying ratios and dosages of estradiol and trenbolone 
acetate on protein synthesis in fetal bovine muscle cells 
in vitro. 
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Figure 7.2. Effect of serum from steers implanted with 
varying ratios and dosages of estradiol and trenbolone 
acetate on protein degradation in fetal bovine muscle 
cells in vitro. 
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Figure 7.3. Effect of serum from steers implanted with 
varying ratios and dosages of estradiol and trenbolone 
acetate on rat C2 muscle cell proliferation. 

99 



CHAPTER VIII 

EFFECT OF IMPLANTING STEERS THREE AND FIVE WEEKS 

BEFORE SLAUGHTER WITH ESTRADIOL AND TRENBOLONE 

ACETATE ON PERFORMANCE AND CARCASS 

CHARACTERISTICS 

Abstract 

Non-implanted steers (n = 33) weighing 518 + 19 kg 

were used to determine the effects of implanting steers 

with estradiol and trenbolone acetate (24:120 mg E2:TBA, 

Revalor-S) 3 and 5 weeks prior to slaughter on feedlot 

performance and carcass characteristics. The treatments 

were (1) Controls (no implant, (2) implanted 3 wk prior 

to slaughter or (3) implanted 5 wk prior to slaughter. 

The diet was a typical finishing diet consisting mainly 

of steam-flaked sorghum grain and corn silage. Steers 

were weighed on d 0, 14 and 35 with d 0 being 5 wk prior 

to slaughter and d 35 being the d of slaughter. 

Implanting the steers increased ADG 257 and 202% (P < 

.05; 3 and 5 wk prior to slaughter, respectively) 

relative to non-implanted steers. Implanting steers 

increased hot carcass weights (P = .12). There was no 

difference in marbling score or the percent of carcasses 

grading Choice due to implant treatments (P > .20). 
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There were no differences due to implanting on ribeye 

area, kidney pelvic and heart fat, fat thickness or 

dressing percentage (P > .20). No dark cutting carcasses 

were observed on any treatments. 

Introduction 

Cattle feeders and packers are concerned about the 

causes of dark cutting beef. Many believe that implants 

increase the incidence of'dark cutting carcasses and this 

incidence is enhanced when cattle are implanted too close 

to slaughter. The objectives of this study were to 

determine if implanting three or five weeks prior to 

slaughter with estradiol and trenbolone acetate increase 

feedlot performance and alter carcass quality, especially 

in terms of dark cutting carcasses. 

Materials and methods 

Thirty three nonimplanted crossbred steers (518 + 19 

kg) that had been fed a finishing diet for 105 d were 

randomly allotted to one of three treatments: (1) control 

(no implant)," (2) implanted three weeks prior to 

slaughter or (3) implanted five weeks prior to slaughter. 

Steers were implanted with 24:120 mg of 
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estradiol:trenbolone acetate (Revalor-S, Hoechst-Roussel 

Agri V e t ) . 

All steers were offered ad libitum a typical 

finishing diet (Table 8.1) consisting mainly of steam-

flaked sorghum grain as the energy source and corn silage 

as a roughage source. The diet was balanced to meet or 

exceed the requirements set forth by the NRC (1984). 

Steers were weighed on d 0, 14 and 35, with d 0 being 

five weeks prior to slaughter. The steers were 

slaughtered on the day of shipment and carcass data were 

collected after a 48 h chill. Individual steer data were 

analyzed by the GLM procedures of SAS (1985). 

Results and discussion 

Implanting steers increased average daily gain (P < 

.01, Table 8.2). Over the five-week period, no 

difference was found in ADG between implanting 3 or 5 

weeks prior to slaughter (P > .20). Average daily gain 

increased 195% above the non-implanted steers for period 

one (d 1 - 1 4 ) . The average daily gain response to 

implanting was 257 and 202% (steers implanted 3 and 5 

weeks prior to slaughter respectively) above the non-

implanted steers for period 2 (d 15-35). These results 
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indicate that a large portion of the response to this 

implant occurs within the first 21 to 35 d. 

Implanting tended to increase hot carcass weight (P 

= .12, Table 8.3). No difference was found in marbling 

scores or the percentage of carcasses grading Choice 

across treatments (P > .5). No differences in ribeye 

area, kidney pelvic and heart fat percentage, back fat 

thickness or dressing percentage were observed (P > .10) 

No dark cutting carcasses were observed regardless of 

when the steers were implanted relative to the day of 

slaughter. 

Implications 

These data indicate that steroidal implants increase 

the gain of cattle even when they are close to slaughter. 

This implies that the steers still have the capacity to 

increase the rate of protein deposition late in the 

feeding period when most believe that the steers are 

decreasing the rate of protein deposition. This means 

that it may be profitable for producers to implant steers 

late in the feeding period with minimal effects on 

carcass characteristics. Feed data was not captured 

because steers from different treatments were mixed in 

the same pens. This would be worth investigating to see 
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if the steers increase their intake soon after being 

implanted. Also, implanting steers relatively close to 

the day of slaughter did not alter the carcass quality; 

no dark cutting carcasses were observed. 
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Table 8.1. Composition of diet. 
Item 
Steam-flaked sorghum grain 
Corn silage 
Cane molasses 
Animal fat 
Cottonseed meal 
Corn gluten meal 
Blood meal 
Urea 
Rumensin premix^ 
Tylosin premix^ 
Vitamin E premix^ 
Vitamin A premix^ 
Salt 
Calcium carbonate 
Dicalcium carbonate 
Potassium Chloride 
Trace mineral premix® 

DM basis, % 
56 
32 
4 
1 
1 

.2 

.2 

.8 

.5 

.8 

.90 

.60 

.46 

.68 

.34 

.03 

.29 

.18 

.64 

.13 

.06 

.16 
^Contained 3,052 mg of monesin/kg of premix. 
^Contained 1,833 mg of Tylosin/kg of premix. 
^Contained 17,600 lU vitamin E/kg of premix. 
^Contained 660,000 lU vitamin A/kg of premix. 
^Contained (ppm of premix) : Mn, 8,609; Zn, 8,409; Cu, 

827; Co, 51; and I, 1,232. 
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Table 8.2. Effect of implanting time relative to 
slaughter on feedlot performance of finishing steers. 

Implanting time, weeks 

Item Control SEM 

Weight, kg 

d 0 

d 14 

d 35 

ADG, kg 

d 0 to 14 

d 14 to 35 

Overall 

496 

506 

521 

4 

< 

( 

.69 

.73 

.71 

528 

534 

574 

.46 

1.88 

1.31 

530 

546 

577 

1.12 

1.48 

1.33 

19.2 

19.5 

20.3 

.17 

.14 

.21 
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Table 8.3. Effect of implanting time relative to 
slaughter on carcass characteristics. 

Item 

Hot carc. wt, kg 

Dressing percent 

Ribeye area, cm^ 

KPH fat, % 

Fat thickness, cm 

Yield grade 

Marbling score^ 

Percent Choice 

Dark cutters 

Implanting 

Control 

320 

61.4 

82.6 

2.1 

1.14 

2.6 

4.2 

72.7 

0 

time. 

3 

351 

61.2 

85.8 

2.2 

1.52 

3.1 

4.6 

72.7 

0 

weeks 

5 

352 

61.0 

87.1 

2.2 

1.14 

2.7 

4.0 

63.6 

0 

SEM 

13.0 

.57 

3.81 

.08 

.18 

.23 

.24 

14.5 

0 

4.0 = Small 0 
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CHAPTER IX 

EFFECT OF TRENBOLONE ACETATE AND ESTRADIOL ON FEEDLOT 

PERFORMANCE, PLASMA UREA NITROGEN CONCENTRATIONS, 

CARCASS CHARACTERISTICS AND ANTERIOR 

PITUITARY CELL TRANSFORMATIONS IN 

FINISHING BEEF STEERS 

Abstract 

Twelve crossbred steers (477 ĵ  14 kg) were used to 

observe the effects of trenbolone acetate and estradiol 

benzoate on feedlot performance, plasma urea nitrogen 

concentration, carcass characteristics and anterior 

pituitary cell transformations in finishing beef steers. 

Steers were allotted by weight to one of two treatments: 

(1) no implant or (2)implanted with trenbolone acetate 

and estradiol benzoate (200 and 20 mg, respectively; 

Synovex-Plus, Fort Dodge Laboratories). The diet (13.3% 

CP, DM basis) for the trial was a typical finishing diet 

with steam-flaked sorghum grain as the concentrate source 

and cottonseed byproducts as the roughage source. Steers 

were weighed and bled via jugular puncture on d 0, 7, 14, 

21, and 24. Steers were slaughtered on d 24 and 

pituitaries were harvested at this time. Pituitary cells 

were cultured and transformations of cell types were 
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observed using a reverse simultaneous plaque assay. 

Carcass characteristics were obtained after a 48 h chill. 

Implanting steers increased overall ADG (+48%; P = .05) 

and depressed PUN concentrations as quickly as 7 d after 

implanting (-55%; P <.01). Carcasses from implanted 

steers tended to have lower marbling scores (P = .13), 

lower percentage Choice (P = .01) and lower muscle 

firmness scores (P = .11) than carcasses from non-

implanted steers. There were no other differences in 

carcass characteristics between the two treatments. 

Hunter L, a and b values and pH were similar across 

treatments. No dark cutting carcasses were observed. 

Implanting steers had no effect on the weight of the 

pituitary glands. Steers implanted with steroidal 

hormones had a 300% increase (P < .001) in the percentage 

of somatotropes and a 51% decrease (P < .01)in percentage 

of mammosomatropes in the anterior pituitary. These 

results indicate that the steroidal implants increase the 

ADG and depress the PUN concentrations in finishing 

steers. Also, carcasses from steers implanted steroidal 

implants had lower quality grades in this experiment. 

Steroidal implants increased the percentage of 

somatotropes in the anterior pituitary glands of steers. 

This indicates that the mode of action of steroidal 
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implants is to increase secretion of somatotropin by 

increasing the percentage of somatotropes in the anterior 

pituitary. 

Introduction 

Anabolic steroids have been used extensively in the 

beef industry to increase average daily gain and gain 

efficiency in finishing cattle (VanderWal et al., 1975). 

The mechanisms in which these steroid hormones elucidate 

their response is not well known. Brier et al. (1988) 

found that regardless of the plane of nutrition, estrogen 

increased circulating levels of somatotropin. 

Somatotropin then stimulates the secretion of IGF-I, the 

hormone thought to play a major role in protein 

synthesis. 

Bethea (1991) hypothesized that estrogen acts on a 

somatotropin-secreting cell population present in the 

pituitary of juvenile males which is not present in adult 

female pituitaries. She found that estrogen caused 

variable increases in somatotropin secretion from primary 

pituitary cultures from only male monkeys under 2 years 

of age. There were no effects of estrogen on adult (male 

or female) or juvenile female monkey primary pituitary 

cultures. 
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Somatotropes, lactotropes and mammosomatropes have 

been observed in abundance in bovine pituitaries (Kineman 

et al., 1991). Bulls contain 9% mammosomatotropes, 45% 

lactotropes and 21% somatotropes of the total pituitary 

cells. In steers, mammosomatotropes represent 22% of the 

pituitary cells, while somatotropes and lactotropes 

represent 8 and 46% of the pituitary cells, respectively. 

These results indicate that gonadal status of the animal 

influences the percentages of acidophils in the anterior 

pituitary and therefore the administration of steroidal 

hormones could also influence these percentages. The 

objectives of this study were to observe the effect of 

trenbolone acetate and estradiol benzoate on feedlot 

performance, plasma urea nitrogen concentration, carcass 

characteristics and the changes percentages of acidophils 

in the anterior pituitary of finishing beef steers. 

Materials and methods 

Twelve non-implanted crossbred steers (477 kg) were 

allotted by weight to one of two treatments: (1) no 

implant or (2) implanted with trenbolone acetate and 

estradiol benzoate (200:20 TBA:E2; Synovex-Plus, Fort 

Dodge Laboratories). Steers were implanted on d 0 which 

was 24 d prior to slaughter. 
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The steers were fed a typical finishing diet (Table 

9.1). Weights were recorded and jugluar blood samples 

were taken on d 0, 7, 14, 21 and 24. Ears were palpated 

each weigh day to assure that the implants were present. 

The animals were slaughtered on d 24 and carcass 

characteristics were obtained by trained personnel after 

a 48 h chill. 

At the slaughter plant, the heads of the steers were 

removed 20 minutes after stunning. The heads were opened 

by the use of a band saw that removed the top portion of 

the skull. The brains were removed and the pituitaries 

were harvested approximately 55 minutes after stunning. 

After the pituitaries were removed they were placed 

in petri dishes and taken to a room isolated from the 

slaughter floor. Weights were recorded for all 

pituitaries harvested, after which the pituitaries were 

minced and placed in cold Hank's balanced salts media. 

The minced pituitaries in the media were poured into 15 

ml centrifuge tubes, placed in an ice chest and 

transported to the Meats Laboratory for culturing. The 

transport time between the slaughter facility and the 

Meats Laboratory was approximately 1 h. 

After arrival at the Meats Laboratory, the 

pituitaries were finely minced and placed in stirrer 

112 



flasks with collagenase and DNAase in DMEM media for 45 

minutes (Kineman et al., 1991). The media was then 

removed and centrifuged for 5 minutes. The supernatant 

was removed and placed back into the stirrer flask for 

another 45 minute period. After stirring, the media and 

pieces of pituitary were agitated with a pipette twenty 

or thirty times. The particles in the flasks were 

allowed to settle for 2 minutes and then the media was 

removed carefully to leave the large pieces of pituitary 

behind. 

The media with cells was then centrifuged at 1300 

rpm for 10 minutes. The supernatant was removed and 

discarded. The cells were washed and centrifuged twice 

with SMEM. The supernatant was again discarded and 5 ml 

of DMEM were added to the cells and the pellet was 

resuspended. The total cells were then counted by using 

a hemocytometer. The cells were centrifuged once again 

at 1300 rpm and resuspended in one ml of DMEM. The cells 

were then plated in tissue culture plates coated with 

poly-L-lysine and incubated for 18 h at 3TC with a 5:95% 

C02:air mixture. 

After incubation, the cells were removed from the 

tissue culture plates using trypsin in DMEM. The cells 

and the media were centrifuged at 1300 rpm for 5 minutes 
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and then washed twice with DMEM and the centrifugation 

was repeated. The cells were counted using a 

hemocytometer and then 1 ml of DMEM was added. Next, 1.5 

ml of sheep red blood cells and 2.5 ml of DMEM were added 

to each flask to bring the volume to 5 ml. 

The mixtures were vortexed and approximately 100,000 

to 200,000 pituitary cells were infused into Cunningham 

incubation chambers. After the cells attached to the 

floor of the chambers (45 min), unattached cells were 

decanted. The chambers were then filled with DMEM with 

one of the following combinations: (1) GH antiserum and 

1:160 normal rabbit serum, (2) prolactin antiserum and 

1:180 normal rabbit serum or (3) rabbit antibovine GH 

serum and rabbit antiovine prolactin serum. Cells were 

then incubated in the antiserum for 18 h and subsequently 

incubated with 1:80 dilution of guinea pig complement. 

Forty five minutes after dilution of complement the 

reaction was stopped by infusing a solution of 2.0% 

glutaraldehyde in .9% saline. Cells were then infused 

with saturated toluidine blue fixative and incubated for 

30 minutes. The cells on the slides were counted. The 

quantification of single and dual hormone secretors was 

then determined by difference between slides with single 

or dual additions of antiserum. 
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Results and discussion 

Implanting steers with trenbolone acetate and 

estradiol increased average daily gain (Table 9.2) 

compared to non-implanted steers (+ 48%; P = .05). 

During week one following implantation, the implanted 

steers lost weight (-.34 kg/d) while the non-implanted 

steers gained weight (.68 kg/d). Following week one, the 

implanted steers gained more weight than the non-

implanted steers. 

Implanting steers depressed plasma urea nitrogen 

concentrations (Figure 9.1; P < .01). The depression 

(-55%) was evident as quickly as 7 d post-implantation. 

The peak plasma urea nitrogen depression occurred at 14 

d post-implantation (-46%). 

Data for carcass characteristics are represented in 

Table 9.3. Implanting steers with trenbolone acetate and 

estradiol benzoate decreased marbling score (P = .13). 

This lead to a decrease in the percent of carcasses 

grading choice (P = .01). Hot carcass weight, dressing 

percentage, back fat, kidney pelvic and heart fat, yield 

grade, maturity, and rib eye area were not affected by 

implanting with trenbolone acetate and estradiol benzoate 

(P > .20). 
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Lean color, Hunter L, a and b values and pH were 

similar for implanted and non-implanted steers. This 

would indicate that implants had no effect on dark 

cutting beef. Implanting steers had no effects on heat 

ring, temperature or texture of the beef (P > .20) . 

However, beef from implanted steers tended to have a 

decreased firmness score relative to the non-implanted 

steers (P = .11). 

Implanting steers had no effect on the weights of 

the anterior pituitary (P = .61; Figure 9.2). This would 

be expected due to the short amount of time in which the 

animals were on the trial (24 d). However, percentages 

of cells within the pitiutary that secrete somatotropin 

and prolactin differed between implanted and non-

implanted steers. Implanting steers increased (278%) the 

number of cells which secrete only somatotropin (P < 

.001; Figure 9.3) relative to non-implanted steers. 

Implanting steers decreased (-51%) the number of 

mammosomatropes (dual secretors of somatotropin and 

prolactin) relative to non-implanted steers. Combining 

these data (Figure 9.4), implanting steers increased the 

total number of cells (+25%) secreting somatotropin. 

Implanting steers had no effect on the proportion of 

prolactin secreting cells (P > .20). 
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Implications 

Administering trenbolone acetate and estradiol 

implants 24 d prior to slaughter increased ADG and 

decreased the plasma urea nitrogen concentrations in 

steers. Implanting steers decreased the marbling score 

and therefore decreased the percentage of carcasses 

grading Choice. Carcasses from implanted steers had 

lower firmness scores relative to non-implanted steer 

carcasses. Implants had no effect on other carcass 

characteristics. Implants did not cause dark cutting 

beef carcasses. Trenbolone acetate and estradiol 

benzoate increased the percentage of anterior pituitary 

cells that secrete only somatotropin while they decreased 

the percentage of anterior pituitary cells that secrete 

both somatotropin and prolactin. Implants also increased 

the total percentage of anterior pituitary cells that 

secrete somatotropin in finishing beef steers. Implants 

had no effect on the percentage of anterior pituitary 

cells that secrete only prolactin. These data indicate 

that the mode of action of steroidal implants could be to 

increase the percentage of somatotropin secreting cells 

in the anterior pituitary which would lead to increased 

secretion of somatotropin and therefore an increased 

secretion of IGF-I. 
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Table 9.1. Composition of diet (DM basis) 
Ingredient % 
Sorghum, steam-flaked 
Cottonseed hulls 
Pelleted cotton burrs 
Cottonseed meal 
Urea 
Calcium carbonate 
Dicalcium phosphate 
Salt 
Potassium chloride 
Trace mineral premix 
Vitamin A premix 
Vitamin E premix 
Animal/vegetable fat 
Cane molasses 

76 . 
4. 
5, 
4, 

1 
4 

.8 

.8 

.0 

.5 

. 62 

.77 

. 1 2 

. 2 1 

. 1 3 

. 2 0 

. 3 5 

. 5 0 

. 9 

. 1 
^Contained (ppm of premix) : Mn, 8,609; Zn, 8,409; Cu, 

827; Co, 51; and I, 1,232. 
^Contained 660,000 lU vitamin A/kg of premix. 
ccontained 17,600 lU vitamin E/kg of premix. 
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Table 9.2. Effect of implanting steers with trenbolone 
acetate and estradiol benzoate on gain in finishing beef 
steers. 

Item 
Weight, 

ADG, Ib. 

Ib. d 0 
d 7 
d 14 
d 21 
d 24 

. wk 1 
wk 2 
wk 3 
overall 

None 
481 
485 
494 
506 
506 

4 

1. 
1. 
1, 

Treatments 

.68 

.23 

.66 

.04 

Implanted 
473 
470 
494 
508 
510 

-.34 
3.37 
2.00 
1.55 

SEM 
13.9 
14.1 
13.8 
13.4 
13.2 

.52 

.46 

.36 

.16 
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Days post-implant 

Figure 9.1. Effect of trenbolone acetate and estradiol 
benzoate on plasma urea nitrogen concentrations in 
finishing beef steers. 
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Table 9.3. Effect of trenbolone 
benzoate on the carcass characte 
steers. 

acetate and estradiol 
ristics of finished beef 

Item 
Hot carcass weight, Ib. 
Dressing percentage 
Skeletal maturity 
Lean maturity 
Overall maturity 
Marbling score 
Percentage choice 
Yield grade 
Back fat, mm 
Rib eye area, cm^ 
Kidney, pelvic and heart 

fat, % 
Lean color 
Heat ring 
Texture 
Firmness 
L value 
a value 
b value 
PH 
Temperature 

None 
310 
61.3 
1.0 
1.0 
1.0 

495 
100 
2.75 
11.3 
79.6 

2.42 
6.50 
3.83 
6.50 
7.17 

41.0 
25.8 
11.0 
5.41 

31.8 

Treatment 
Implanted 
313 
61.4 
1.0 
1.0 
1.0 

407 
33.3 
2.66 
11.0 
81.2 

2.42 
6.17 
3.83 
6.50 
6.50 

41.6 
26.3 
11.5 
5.43 

31.6 

SEM 
9.80 

.63 
0 
0 
0 

38.2 
14.9 

.18 
1.18 
2.31 

.12 

.49 

.40 

.22 

.27 

.98 

.97 

.47 

.02 

.10 
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Figure 9.2. Effect of trenbolone acetate and estradiol 
benzoate on the size of the anterior pituitary glands in 
finishing beef steers. 
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Figure 9.3. Effect of trenbolone acetate and estradiol 
benzoate on the percentages of anterior pituitary cells 
that secrete somatotropin, prolactin or somatotropin and 
prolactin in finishing beef steers. 
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Figure 9.4. Effect of trenbolone acetate and estradiol 
benzoate on the percentage of anterior pituitary cells 
that secrete somatotropin in finishing beef steers. 
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CHAPTER X 

INTEGRATED SUMMARY 

Steroidal implants have been used for 40 years to 

increase gain and gain efficiency of cattle by increasing 

protein deposition. However, the mechanism by which 

these hormones increase protein deposition is not fully 

understood. This is an in-depth study that utilized cell 

culture techniques to examine the indirect effects of 

serum from steers treated with steroid hormones and 

somatotropin on muscle cell proliferation and protein 

synthesis/degradation. Also, this dissertation studied 

the effect of steroid hormones on nitrogen balance, 

feedlot response and cellular composition of anterior 

pituitary cells in finishing steers to gain further 

insight into their mode of action. 

Treating steers with steroidal hormones alone and in 

combination with somatotropin increased the percentage of 

nitrogen retained relative to controls and steers given 

somatotropin alone. Both steroids and growth hormone 

additively depressed plasma urea nitrogen concentrations 

on days 1 and 4 of the collection period. This indicates 

that steroids and somatotropin increase protein 
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deposition through different mechanisms or cooperatively 

in the body. 

Serum from steers given steroidal implants and 

growth hormone increased in vitro muscle cell 

proliferation and muscle cell protein synthesis, while 

having minimal effect on protein degradation. Directly 

administering steroids to cultured muscle cells had no 

effect on protein synthesis or degradation. These data 

indicate that steroid implants increase protein 

deposition indirectly through other serum factors (i.e., 

IGF-I). Also, the increase in protein deposition is 

through an increase in protein synthesis with no effects 

on protein degradation. 

Implanting steers with steroidal hormones increased 

average daily gain and gain efficiency and depressed 

plasma urea nitrogen relative to control cattle within 

the first 28 days following implantation. Over the 

entire 119 d feeding period, the highest gains were 

observed in steers implanted with 20:200 and 30:300 mg 

E2:TBA. Trenbolone acetate decreased DMI of steers 

relative to the controls and E2 implanted steers. This 

could indicate that the increase in gain efficiency 

observed in steers implanted with the combination of 

estradiol and trenbolone acetate is due to the increase 
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in ADG by estradiol and the decrease in DMI by the 

trenbolone acetate. Steers implanted with 20:200 or 

30:300 had improved gain efficiencies for the overall 

feeding period compared to steers implanted with 24:120 

ratio. Otherwise, there were minimal differences between 

the 1:5 or 1:10 ratios of TBA:E2 on feedlot performance. 

Plasma urea nitrogen concentrations were depressed by all 

implants, except for the 30 mg of E2 alone, relative to 

the control steers. 

During the last 41 d of the feeding period, none of 

the implants had any advantage relative to the gain 

efficiencies of the control steers, indicating the pay 

out from these implants was below an effective level. 

This indicates that steers need to be re-implanted after 

80-120 d to maintain increased feedlot performance. The 

performance data also indicates that estradiol causes a 

marked increase in gain and gain efficiency for the first 

28 d which then markedly declined. This may indicate 

that the combination of trenbolone acetate with estradiol 

sustains the release of estradiol and maintains the pay 

out of the implant over a longer period of time. There 

was no consistent response to serum from these steers in 

muscle cell protein synthesis or degradation in vitro. 
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Implanting steers with estradiol and trenbolone 

acetate 3 and 5 weeks prior to slaughter increased 

average daily gain while decreasing the marbling score in 

the carcasses. Implanting this close to slaughter did 

not cause dark cutting carcasses. Therefore, implanting 

steers close to slaughter will increase feedlot 

performance with minimal changes in carcass 

characteristics. 

Steroidal implants increased the percentage of 

somatotropes and decreased the percentage of 

mammosomatotropes in the anterior pituitaries of 

finishing beef steers. Overall, implants increased the 

percentage of cells capable of secreting somatotropin by 

25%. This could lead to an increased secretion of 

somatotropin and then an increased IGF-I release. This 

is a possible mechanism in which implants increase the 

protein deposition, a mechanism proposal some time ago. 

In conclusion, steroid hormones do not have a direct 

effect on muscle cell protein deposition. Indirectly via 

factors in the serum, these hormones increase feedlot 

performance and protein deposition by increasing protein 

synthesis and cell proliferation. These steroid hormones 

given in combination with somatotropin additively 

increase protein synthesis and nitrogen retention 
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indicating that these hormones act through different 

mechanisms or cooperatively in the body. The mechanism 

for the increased protein deposition due to steroids may 

be the change in the percentage of somatotropes and 

mammosomatotropes (acidophils) in the anterior pituitary 

which would lead to an increase in somatotropin release 

followed by an increase in the release of IGF-I and/or 

other serum muscle cell growth factors. 
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