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Introduction 
The meat of the future will be leaner than the meat of 

today. Everyone seems to agree. The trade journals, the 
popular press, various consumer groups and the health- 
oriented organizations all extol the merits of leaner meat. The 
potential benefits seem obvious and to the advantage of 
almost everyone, consumer and producer alike. Less fat will 
require less feed, reducing costs and lessening demands for 
feedstuffs potentially available for feeding the human 
population directly. Less fat will mean less trimming and 
lower costs to the consumer. And in this age of concern about 
the role of cholesterol in heart disease, less fat will mean a 
more consumer-accepted and perhaps healthier product. 

The literature suggests that manipulation of growth 
hormone (GH) levels in domestic livestock may be one way 
to effectively reduce the amount of fat in a carcass while at 
least maintaining weight gain and generally increasing 
protein gain (Table 1). Car, Znidar and Filipan (1967) treated 
370-kg Simmental steers with GH for 25 days and 
demonstrated a 56% increase in nitrogen retention and no 
significant change in average daily gain (ADG) or feed intake. 
Znidar (1 976) reported similar changes in 430-kg Simmental 
bulls treated with GH for 28 days. Recent data by Eisemann 
et al. (1984) in limit-fed Hereford heifers demonstrated that 
nitrogen retention was significantly elevated by GH treatment 
for 14 days. The data of Moseley et al. (1982) suggested that 
GH stimulated nitrogen retention in growing Holstein steers, 
regardless of the pattern of GH administration; Le., acute 
spikes of serum GH stimulated nitrogen retention to the same 
degree that chronic elevation of baseline GH stimulated 
nitrogen retention. None of these studies reported any 
significant changes in ADG in the treated animals. Only 
Brumby (1959) has reported a significant increase in ADG 
with GH treatment in cattle. He treated 91-kg twin heifer 
calves for 84 days and detected a 16% increase in height at 
the withers and a 10% increase in ADG. The doses for the 
various cattle studies range from 0.08 mg/kg/day (Eisemann 
et al., 1984) to 0.38 mglkgiday (Car, Znidar and Filipan, 
1967). In summary, the available scientific literature in cattle 
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suggests that protein accumulation is stimulated by GH 
treatment, though the effects of GH on growth characteristics 
are unclear. 

The data in sheep are similarly encouraging (Table 2). 
Wagner and Veenhuizen (1 978) treated 40-kg wether lambs 
with GH for 98 to 112 days and detected a 25% increase in 
carcass protein and a 37% decrease in carcass fat. ADG in 
the GH-treated animals was enhanced (20%), as was feed 
efficiency (14%). Muir et al. (1983) treated 30-kg wether 
lambs for 56 days with a formulation of GH designed to slow 
the absorption of GH. Carcass protein was increased by 8%, 
carcass fat was decreased by 9%, ADG was not affected and 
feed efficiency was improved (7%). Doses in the two studies 
were 0.38 mglkglday and 0.25 mglkgiday, respectively. In 
general, then, GH stimulates protein accumulation in sheep 
and reduces fat stores. 

Data in swine support the data in cattle and sheep (Table 
3). Machlin (1972) treated 45-kg pigs for approximately 65 
days and detected an increase in carcass protein (a%), a 
decrease in carcass fat (35%), an increase in ADG (16%) 
and an improvement in feed efficiency (12%). Baile et al. 
(1983) treated 23-kg pigs for approximately 75 days with a 
synthetic preparation of human GH. Effects of the treatment 
were limited to stimulation of ADG (9%) and increased feed 
intake (8%) at the lowest dose tested. Doses in the Baile 
study ranged from 0.01 5 mg to 0.06 mg human GHikglday. 
The dose in the Machlin study was 0.1 3 mg porcine GH/kg/ 
day. 

The available data, then, indicates that treatment with GH 
is an effective way in which to stimulate carcass protein and 
decrease carcass fat. In the current environment of 
increased concern over consumption of cholesterol and 
calories, the potential for GH and growth hormone releasing 
factors (GRFs) should be tremendous. Right? Perhaps not! 
GH will never come into general use as a growth promotant 
until some significant problems are solved. The potential for 
GRFs is somewhat brighter, but there are also a number of 
significant challenges in this area as well. . 

Definition of Problem 
If the data are apparently so supportive, what’s the 

problem? The problem, as this author sees it, has four 
components: 1) lack of conclusive evidence; 2) delivery 
difficulties; 3) economics; and 4) the negative incentive 
provided by the grading/pricing system. 
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Table 1. Effects of Growth Hormone on Growth Characteristics in Cattle 

13 

Duration of 

Weight mglkgld (days) gld kgld 
Animal Typel Dose Treatment N Retained ADG FeedlGain 

Simmental Steer' Control 25 32 1.1 7.7 
370 kg 0.38 50 0.9 10.6 

Simmental Bull2 Control 28 17 
430 kg 0.37 30 

Hereford Heife$ Control 14 2 
320 kg 0.08 12' 

0.6 11.2 
0.6 10.3 

Holstein Steefl Control 10 30 (% of intake) 

'Car, Znidar & Filipan, 1967 
2Znidar, 1976 
3Eisemann et al., 1984 
4Moseley et al., 1981 

163 kg 0.05 (i.v.) 35' ("/. of intake) 
*P .05 

Table 2. Effects of Growth Hormone on Growth Characteristics in Sheep 

Duration of Carcass Carcass 
Animal Typel Dose Treatment Protein Fat ADG FeedlGain 

Weight (mglkgld) (days) ( W  (kg) (kgid) 

Wether' Control 98-1 12 1.0 6.2 (gain) 0.19 8.8 
40 kg 0.38 1.3 3.9 (gain) 0.22 7.6 

Wethe$ Control 56 4.0 6.5 0.27 5.6 
28 kg 0.25 4.3' 5.9' 0.28 5.2' 

'Wagner & Veenhuizen, 1978 'P.10 
2Muir et a].. 1983 'P .05 

Table 3. Effects of Growth Hormone on Growth Characteristics in Swine 

Duration of Carcass Carcass 
Animal Typel Dose Treatment Protein Fat AOG FeedlGain 

Crossbred' Control 65 18 21 .74 3.3 

Crossbred2 Control 75 - .82 2.1 

'Machlin, 1972 ' p  .05 
* *p  .01 

***p ,001 

Weight (mglkgld) (days) (kg) (kg) 

0.13 20'*' 14"' .86" 2.9" 
- 

0.015 (hGH) - - .89' 2.3* 

2Baile et al., 1983 
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In spite of the data discussed in the introduction, the 
evidence for GH remains weak. Only a handful of studies 
have been reported over a 30-year period. These studies 
were conducted in a variety of species, with a variety of 
doses and with a variety of preparations. It is difficult to 
clearly demonstrate the definitive effects of GH, particularly 
in cattle. All of the treatments in cattle were administered 
over relatively short time periods, ranging from 10 days 
(Moseley et al., 1982) to 28 days (Znidar, 1976). If GH has 
the same effect on protein and fat metabolism in cattle as has 
been demonstrated in sheep and swine, it seems entirely 
likely that the decrease in fat mass masks the increase in 
protein mass during relatively short treatment periods and, 
thus, no effects on ADG are detected. Certainly the study by 
Brumby (1 959) would support the concept that longer-term 
treatment with GH might stimulate growth rate in cattle. In 
addition, none of the cattle studies report carcass 
composition data, thus making conclusions relating to the 
effects on protein and fat composition speculations rather 
than facts. The situation is more clear in sheep and swine, 
with at least one relatively definitive study in each species 
(Wagner and Veenhuizen, 1978; Muir et al., 1983; Machlin, 
1972). Nonetheless, all studies reported to date have been 
done with limited numbers and limited doses. There is a real 
need to generate the data base which clearly demonstrates 
the effects of GH in domestic livestock. This data base would 
serve as the stimulus to continued research and develop- 
ment efforts in GH and GH-related compounds. 

The challenges to delivering GH to the growing animal are 
immense. To date, there has seldom been the incentive to 
deliver a protein in relatively high doses over a long period of 
time. This is partially because the limited availability of large 
quantities of individual proteins, (e.g., GH), has restricted 
both the number and extent of studies necessary to 
demonstrate the full range of the potential for protein 
products. It is only recently that recombinant technology has 
offered a solution to this dilemma. Even turning to our closest 
parallel, insulin delivery to the diabetic, gives little consola- 
tion. Most diabetics continue to deliver insulin through daily 
self-administered injections. A few use the more sophis- 
ticated programmable infusion pumps, but the pumps are 
expensive and impractical for consideration with domestic 
livestock. Thus, there is only limited pre-existing technology 
to suggest a means for administering GH under the 
conditions necessary for stimulating growth in domestic 
livestock. Though this author is not aware of direct evidence 
which demonstrates the fact, it is assumed that oral 
administration of GH to domestic livestock is unlikely. It 
seems virtually assured that GH would be broken down to its 
constituent amino acids in the gastro-intestinal tract and 
would have no oral activity. Even if small amounts of 
hormones are absorbed intact across the gut, it would be 
impractical to use the amounts of hormone that would be 
necessary to achieve the required results. This is, however, 
an area in which research is needed. The most reasonable 
alternative to oral delivery is delivery by implant. The 
potential mass of such an implant in feedlot cattle, however, 
is intimidating. Though dose data are extremely limited in 
cattle, let’s assume that the 0.08 mgikgiday dose used by 
Eisemann et al. (1984) is in the ballpark of an efficacious 

dose. Assuming a 100-day feedlot stay for a steer averaging 
400 kg in the feedlot, 1 gram of biologically active GH would 
be required. Considering the need to add a vehicle which 
inhibits the absorption of the GH, the implant could 
conceivably range from 2 grams to perhaps as high as 10 
grams; a massive implant in an industry used to thinking in 
terms of a few milligrams. Impossible? Not necessarily, but a 
problem definitely requiring considerable attention. 

The economics for GH treatment in growing livestock are 
uncertain. This author is unaware of any detailed analysis of 
costs associated with GH treatment in the growing animal. 
Kalter (1 983), however, has estimated the production costs 
for GH for lactating cattle to be in the range of $.06 to $.15 
per day. The intended doses were not detailed and the costs 
were theoretical, but it is a starting point. Let’s assume a mid- 
range production cost of $.lo per day. It is difficult to predict 
costs associated with sales price of a product, but a cost to 
the producer of $.20 per day would seem to be conservative. 
What is the potential economic gain to the meat producer? 
As outlined previously, it is not clear how much weight gain 
the producer can expect. Based on the data by Brumby 
(1 959), a weight gain advantage of 20% would appear gener- 
ous. The feedlot animal gaining 1 kg per day would yield an 
additional 0.2 kg per day. At the current rate of $63.40 per 
hundredweight (Feedstuffs, April 30, 1984), the 0.2 kg of gain 
is worth $0.28 per day. Clearly the margin between cost and 
benefit is slim. Factors such as feed efficiency and potential 
benefits from producing a leaner carcass become primary 
determinants between success and failure for GH. These 
factors remain to be explored. 

The current structure of the gradingipricing system is also 
of concern. It is true that the relatively recent incorporation of 
yield grade into the grading/pricing system introduces the 
concept of quantity as well as quality, but the system still 
rewards the producer who increases “quality” by increasing 
the quantity of fat in the meat. Though it is not clear exactly 
what influence GH will have on carcass composition in cattle, 
I believe we can safely extrapolate from sheep and swine 
data and assume the GH will enhance protein deposition and 
deplete fat stores in cattle. Thus, that feedlot steer which 
would have come in at a Choice, Yield Grade 3 may come in 
at a Good, Yield Grade 2.5. If that is the case, where is the 
incentive for the producer to invest part of his profit margin in 
a GH treatment? Where is the incentive for the animal health 
industry to research and develop such a product? 

Investigations on the influence of GH on body composition 
are needed. We do not know the effects of GH on carcass 
composition in the feedlot animal. We do not know the effect 
on carcass yield grades and quality grades. These studies 
must be done in the near future. Perhaps more importantly, 
we, as scientists, consumers and producers need to continue 
to press for elimination of the paradox between the desire for 
leaner meat and a gradingipricing system which rewards fat. 
The discovery and development of a new growth stimulant 
requires millions of dollars and many years of effort. Pro- 
ducts like GH for the stimulation of growth, enhancement of 
carcass protein, decrease of carcass fat and enhancement of 
feed efficiency are not developed unless there is clear incen- 
tive for the industry to do so. 
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Solutions 
In the author's opinion, the problems outlined above - 

limited data, delivery problems, economics and the grading/ 
pricing system - do not bode well for the future of GH in the 
animal growth industry. Particularly, the difficulties associat- 
ed with formulating a large amount of GH in a way which 
would allow it to be used in our current management systems 
seem overwhelming. That is not to say that there will never 
be particular applications for GH in growing animals. In 
situations where animals are confined over shorter periods of 
time, there may be an application. This may be the case with 
veal calves, for instance. It is also likely that GH formulated 
for other purposes, e.g., for enhancement of lactation, will 
have applications in the growth area. The solution, however, 
seems to be to focus not on GH, but on compounds which 
stimulate GH secretion. The most obvious candidates are the 
growth hormone releasing factors. 

Growth Hormone Releasing Factors (GRFs) 
GRF was initially isolated from a human pancreatic tumor 

and then characterized (Guillemin et al., 1982; Rivier et al., 
1982). Since that time, hypothalamic GRF has been charac- 
terized for the rat (Spiess et al., 1983), pig (Bohlen et ai., 
1983) and bovine (Esch et al., 1983). The potential for GRF 
to stimulate GH secretion and to promote anabolic processes 
is now under investigation in a number of laboratories. 

In our laboratories, we have investigated the effects of 
GRF on GH secretion in growing cattle. In early studies 
(Moseley et al., 1984), we demonstrated that growing Hol- 
stein steers responded to doses of 1-44 NH, human pancre- 
atic GRF (hpGRF) ranging from 10 ugikg to 1,000 ugikg. 
Peak heights of serum GH tended to be lower with 10,25 and 
50 ug/kg intravenous bolus doses than at higher doses. 
Doses of hpGRF at 100 ugikg and above tended to produce 
the same peak height of serum GH, but the duration of the 
GH peak was extended at the higher doses. These studies 
clearly demonstrated that serum GH in growing cattle was 
sensitive to stimulation by GRFs. Subsequent studies have 
evaluated the GH response in growing cattle infused with 
hpGRF. Serum GH patterns in steers infused for 24 hr with 
three levels of hpGRF are shown in Figure 1. Serum GH did 
not respond with infusion of either 0.05 or 0.5 mg hpGRF per 
day. Infusion of 5 mg hpGRF per day, however, dramatically 
elevated serum GH levels. It is perhaps important to note that 
the increase in serum GH occurred as elevated episodes of 
GH rather than as an elevated baseline. Examination of data 
from individual animals (not shown) revealed that serum GH 
concentrations returned to basal levels between extended 
episodes of GH secretion. Though it is not clear whether GH 
receptors are potentially down-regulated in the economically- 
significant tissues of domestic livestock, the possibility of 
down-regulation exists and the episodic nature of the GH 
response to hpGRF may minimize the impact of down- 
regulation. 

The serum GH pattern of a representative steer in re- 
sponse to a five-day infusion with hpGRF is shown in Figure 
2. Similar to the data with the 24-hour infusion, the animals 
infused with 3.6 mg hpGRFiday responded with episodes of 
increased GH secretion. These episodes occurred through- 

~I 2 5 8 11 14' 17 20 23 26 29 32 ~1 2 5 8 I 1  14 (7 20 23 26 29 32 
TIME (h) n & 'h) ~~~ A i  sraRr) 

Figure 1. Mean serum GH pattern of steers infused with 0, 

out the 12-hr infusion period and showed no tendency to 
decline over the treatment period of five days. These data 
indicate that elevations of serum GH can be sustained with 
extended treatment with GRFs in cattle. Studies in sheep 
(Baile et al., 1983) and swine (Lance et al., 1984) indicate 
that those species are also sensitive to GRF. The studies in 
various animal species open the door to efficacy studies on 
the effects of GRFs on growth characteristics. Though these 
studies remain to be conducted and reported, prospects for 
the GRFs seem good at this time. 

What are the potential benefits of GRFs over GH? Some 
of the concerns outlined for GH are inherent to any approach 
which manipulates GH as its mechanism of action. The 
efficacy studies, both with GRFs and with GH, are more 
important. As one moves away from the primary molecule of 
interest (GH) and toward a secondary molecule (GRFs), the 
move inherently involves more variables. These include the 
potential depletion of pituitary GH and desensitization of the 
pituitary GRF receptors. It becomes necessary to have a 
solid data base in order to sort out the implications of the new 
data. The problems of economics may still exist. Hopefully, 

Figure 2 

.05, .5 or 5.0 mg GRF for 24 hours. 

50 1 50  1 

0 5 10 15 0 5 10 15 

TIME (h) TIME (h) 

Figure 2. Serum GH pattern of representative steers infused 
with saline or 3.6 mg GRFid for five days. 
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GRFs will be more potent than GH, thus reducing production 
costs, but other costs will remain relatively constant and the 
benefit should be similar to that seen with GH itself. The 
paradox with the gradingipricing system must still be ad- 
dressed. The largest advantage may come while addressing 
the challenges of delivering the peptide. The molecule is 
smaller than GH (44 vs. 192 amino acids) and more potent 
analogs have been identified with testing in the rat (Lance et 
al., 1984). Increasing the potency of GRFs would allow 
formulation of smaller amounts of material for delivery, and 
perhaps would allow some of the problems to be overcome. 

Summary 
Much more basic information is needed to conclusively 

demonstrate the potential for GH or GRFs in growing live- 
stock. The potential for GH per se seems limited due to 
delivery challenges, economics and the current grading/ 
pricing system, all of which inhibits active research and 
development by the animal health industries. The prospects 
for GRFs are somewhat brighter, but overcoming the re- 
search and development challenges will require enthusiastic 
acceptance of the challenge and innovative solutions. 
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Discussion - Growth Biology 
R.G. Kauffman: You implied that the genes could not be 

transferred if they are directly incorporated into the zygote, 
why would you not suspect that they could be transferred on? 

Smith: 1 do know that it has been demonstrated in the 
number systems that it is successfully transferred; where it 
might not be, is if it’s just in some of the cells of the tissue but 
not incorporated into the chromosomes. The gene is being 
expressed, but it may not be incorporated in such a manner 
that it would be transferred. That may not be a clear answer, 
but I really can’t give you a specific one. 

G.R. Schmidt: What makes you believe that you can 
engineer an animal better than one that you can get through 
selection from a genetic pool? 

Smith: Because the genetic pool may not carry the poten- 
tial of the gene we wish to introduce. It may not be able to 
produce enough of what we want, or because of natural 
selection a long time ago, it may no longer have the genes 
required. A good example is that we know animals produce a 

great deal of saturated fats, why aren’t they producing more 
unsaturated fats? The gene product, the enzymes that would 
synthesize that are not present, which would strongly indi- 
cate that the genes which code for those enzymes are not 
present. What I’m talking about is really modifying the animal 
to do something it does not have the genetic background to 
do. So the genetic potential, right now, does not exist in 
animals. This will also speed up genetic selection for other 
traits. But I’m really talking about changing animals to do 
something that they could not do before. 
R.G. Cassens: Steve, it seems rather “dead-end” if the 

animal can’t transfer it. I think some people are working on 
the concept of chopping up the embryo or the fertilized egg 
after they‘ve incorporated the material into 50 animals in- 
stead of just one. Do you know anything about that? And 
secondly, does the fluorescent dye have any adverse effect 
on the pronuclei? 

Smith: Let me answer the second question first. I do know 




