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Abstract 
The idea of using farm animals to serve mankind far exceeds their use as a source of meat. Farm 
animals make excellent models for investigating tissue growth, producing biological materials for 
human use, and developing surgical protocols, artificial organ-replacement devices and 
medication doses. Domesticated sheep have recently been identified that display selective muscle 
hypertrophy under the influence of a single gene. These animals, along with certain breeds of cattle 
that display double muscling as a result of hyperplasia, represent new domestic animal models 
applicable for cellular and molecular skeletal muscle research. Combined with recent advances in 
cloning and gene transfer, these animal models provide powerful tools for the investigation of cellular 
and molecular mechanisms that regulate muscle development.  
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The Use of Farm Animals for Growth/Clinical Studies 

Recently, new developments in human medicine have 
come about through the use of farm animals. Sheep and 
goats have been used to develop and test new surgical 
techniques such as dynamic cardiomyoplasty. Human 
medicinals are now being produced by transgenic farm 
animals. Cloning of farm animals has set the stage for 
future application in human medicine and muscle growth 
research. In this section, we will review the current status of 
using farm animals for clinical and growth studies. 

Dynamic cardiomyoplasty 
Failure to maintain normal cardiac output by damaged heart 

muscle results in compromised health of humans [39] and is one 
of the leading causes of patient death. Restoration of cardiac 
function by heart transplantation is usually the final option for 
treatment, but many complications arise in finding a 
compatible donor at the critical time period for clinical 
resolution. There are several options for short-term maintenance 
of cardiac function until a permanent donor heart can be found. 
These include limitation of mobility and use of medication to 
insure that cardiac output is proportional to patient activity [11], 
electro stimulation of remaining cardiac tissue, as well as 
use of artificial pumping chambers to bridge the gap between 
certainty of heart failure and initiation of the donor heart 
function following transplantation. 

Another option, is the use of dynamic cardiomyoplasty [9, 
45] in which the skeletal muscle ventricle is used to make the 
heart contract reversing the damaged structure of the failing 
heart [reviewed in 1], This method was developed and tested 
using animals (dogs, goats, sheep). Now, the patient's own 
Latissimus dorsi muscle is repositioned to envelop the heart, 
subsequently conditioned to withstand the consistent 
intermittent contractions required, then stimulated to 
augment cardiac contractility [I]. This method has been used 
successfully to maintain human life for as long as eight and 
one-half years following surgery [8]. 

Transgenics 
Transgenic animals are those which possess a foreign gene 

in their genome. They have been used to study muscle 
development [2, 17, 33], identify the role of genes in 
cardiac muscle disorders [34], improve disease resistance [24, 
42], serve as bioreactors [42], and test models of muscle 
gene therapy [19, 26]. Historically, the creation of transgenic 
animals was accomplished by microinjecting the gene of 
interest into a fertilized ovum [5, 23], More recently, 
though, viral vectors such as retrovinises and adenoviruses 
have been used to transfect embryos with specific gene [26]. 
These animals have a distinct advantage over cultured cells 
since they provide information on the influence of the gene in a 
complex multicellular system, in vivo. In addition, transgenic 
animals can sexually reproduce and pass on the alteration to 
offspring [15, 43].   
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Muscle researchers have used transgeiiic animals to 
study smooth muscle regulation in vascular disease [10, 
34] and myofibril formation in skeletal muscle disease 
[18]. For animal scientists, transgenic animals provide a 
means to improve muscle development by increasing muscle 
mass, improving tenderness, and increasing feed efficiency. 
Expression of growth hormone, growth hormone releasing 
factor, and insulin-like growth factor-1 have been used 
as transgenes in farm animals [41,42]. Although these 
transgenic animals were shown to produce the growth 
factors, increased growth and muscle development was 
varied and limited [42]. The transgenic sheep and pigs that 
were produced also had physiologic dysfunctions including 
stomach ulcers, joint disease, kidney disease, and infertility. 
The primary problem with transgenic animals is an 
unregulated, continuous gene expression in all tissues of the 
body at all developmental stages. Thus, constant 
exposure of the fetus, neonate and adult to pharmacological 
levels of the transgene product leads to serious metabol ic  
consequences for the affected animal. The 
phosphoenolpyruvate carboxykinase (PEPCK) gene pro-
moter which is regulated by systemic glucose in a tissue-
specific, development-dependent manner, was shown to 
effectively regulate Iransgene expression in mice [35] but 
has not been used successfully in ruminants. 

Cloning 
Individual animal variation Is the bane of animal re-

searchers. Using animals of the same breed or strain re-
duces experimental variability, but determining the 
significance of relatively minor physiological changes or 
differences in treatment effects requires large numbers of 
animals. The idea of using cloned animals for research has 
been present for many years. The first studies to produce 
genetically identical vertebrates were reported by Briggs 
and King in 1952 [6], who transplanted frog nuclei into 
enucleated eggs and were able to induec development up to 
the tadpole stage. For mammals, relatively simple methods 
such as embryo splitting with mechanical tools provided 
identical embryos but is limited to the production of 2 or 4 
clones at a time. This method has been used successfully with 
cattle [32, 38] and sheep [20, 48], However, a more 
refined technique for producing larger numbers of 
identical animals is the use of nuclear transplantation. This 
method uses nuclei from cells of preimplantation embryos 
which are transplanted into enucleated oocyles. Although 
early studies used a physical transfer of nuclei with micro-
manipulation/micro injection [25], the use of electrically-
induced cell fusion is much more efficient [36], providing 
greater than 90% success versus the 30-40% success rate in 
nuclear transfer using strictly mechanical means. Nuclear 
transplantation has been used successfully in sheep [44, 
47] and cattle [4, 40]. 

The above studies depend on the use of undifferentiated 
cells from embryos of unknown potential. Ideally, one 
would like to use differentiated cells from adult animals 
with known superior genetic traits for production of meat, 
wool or offspring. It has been a long-held tenet of devel- 

opment biology that as cells differentiate into the specialized 
functions of adults, they become more and more 
irreversibly specialized and incapable of producing all of 
the cells of an embryo or adult. Thus, cells which were 
differentiated past the morula stage of early embryo genesis 
were not totipotent and their use in cloning was inefficient 
and impractical. The recent publication of a method which 
used differentiated adult cells to make clones has altered 
our perceptions of totipotency, differentiation and animal 
cloning. This breakthrough in technology used mammary 
to enter the quiescent phase (Go) of the cell cycle before 
electrophoretie nuclear transfer into enucleated oocytes 
[49]. Synchronizing the adult cells to the Go phase of the 
cell cycle by serum starvation allows the differentiated 
nucleus to be "reprogrammed" to an undif-ferentiated, 
totipotent state by the oocyte cytoplasm. This final piece to 
the puzzle of differentiation and its reversibility now 
provides us with the means to replicate farm animals of 
superior genetic characteristics in order to enhance animal 
productivity. In addition, this provides the cell biologist 
with the ability to study the mechanisms involved in the 
control of cell processes in superior animals. Primary cell 
cultures derived from cloned animals can be compared to 
production characteristics of the genetically identical 
animal in vivo. In addition, a melding of transgenic 
technology with cloning allows the exact replication of 
superior transgenic animals which may not breed true but 
which may prove to have invaluable genetic characteristics. 
Thus, the true clones, derived from adult animals with 
proven genetic characteristics, will provide animal and cell 
biologists with a source of genetically identical tissues 
which can be analyzed in the lab without irreversibly 
destroying the transgenic animal. 

New Animal Models 
Farm animal models with increased muscle mass are 

often sought for skeletal muscle research and increased 
lean production. Two new animal models will be intro-
duced that increase muscle mass through two either hyper-
plasia or hypertrophy of muscle fibers. The status of 
research studies on these models will be presented in this 
section. We suggest the investigation into skeletal muscle 
growth using these animal models will help elucidate the 
mechanisms of myogenesis. 

Callipyge 
Callipyge (Greek; calli-, beautiful; -pyge, buttocks) is the 

name given to a gene that promotes and a phenotype that 
exhibits selective muscle hypertrophy in sheep. The locus 
of the callipyge gene was mapped to ovine chromosome 
18 [14]. Matings between normal ewes and heterozygous 
callipyge rams indicated that the callipyge phenotype was 
controlled by a single, dominant gene when inherited from 
paternal allele [27], More recent work [13] shows that the 
callipyge gene is transmitted through a non-Mendelian 
inheritance pattern referred to as polar overdominance. In 
this inheritance pattern, the callipyge gene acts as a normal, 
dominant gene when it is inherited from the sire; however.   
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the gene does not follow simple Mendelian principles 
when it is inherited from the dam [13], Thus, the callipyge 
phenotype is only expressed in heterozygous sheep which 
inherit the gene from the sire. 

The callipyge phenotype does not become visually ap-
parent in lambs until about 4 to 6 weeks after birth [27] but 
can be detected earlier through the use of molecular markers 
[14]. 

Phenotypic expression of the callipyge gene results in 
selective muscle hypertrophy. Muscles in the pelvic limb 
and torso of callipyge sheep are enlarged by 42-50%, 
whereas muscles in the thoracic limb are unaffected [28], 
The enlarged muscles have increased percentages of fast 
twitch glycolytic (FG) fibers and larger fiber diameter of 
FG and fast [witch oxidative-glycolytic (FOG) fibers [7]. 
The hypertrophied muscles have increased proteinrDNA 
without changes in protein; RNA or RNA:DNA [7]. These 
results suggest that the enlargement of the callipyge muscles 
was through hypertrophy rather than hyperplasia, and 
possibly the result of reduced protein turnover in these 
muscles. 

Callipyge hypertrophied muscles have higher levels of 
calpaslatin activity [30]. Calpastatin is the endogenous 
inhibitor of the calpain proteinase system and strongly 
associated with reduced muscle protein degradation. Cal-
lipyge sheep have a lower excretion of urinary nitrogen 
further indicating a reduction in protein turnover [3], Dietary 
administration of a p-adrenergic agonist to callipyge lambs 
does not enhance muscle growth [31]. Thus, the effects of 
the callipyge gene appear to be mediated through similar 
intracellular events as p-adrenergic agonists. Satellite cells 
have been isolated from the serni mem bran osus muscle of 
four normal and four callipyge sheep. Crude, primary 
(growing) cultures of satellite cells from each animal per 
group were pooled, cloned and viable satellite strains 
established. Although studies are not finished, preliminary 
data using both initial primary cultures and subsequent 
tertiary cultures suggest differences exist between normal 
and callipyge-derived satellite cells in ability to 
proliferate and differentiate in vitro [16]. 

Double muscling 
Double muscling (DM) is a phenotype in cattle, pigs, and 

sheep where there is a generalized increase in muscle mass 
and cellularity. Breeds where the DM phenotype occurs in 
high frequency are Belgian Blue and Piedrnontese in cattle, 
Pictrain in pigs, and Texel in sheep. In cattle, the locus of 
the gene responsible for the DM has been mapped to 
bovine chromosome 2 and named rnh for muscular hyper-
trophy [12]. The DM phenotype occurs in the homozygous 
condition, for the recessive animals (mh/mh) [12]. The 
location of this gene is within the same interval as 
myostatin (GDF-8), a member of the transforming growth 
factor-b superfamily [29]. Disruption of the myostatin 
gene in mice was recently shown to increase muscle mass 
by 2-3 fold through a combination of hypertrophy and 
hyperplasia [37]. 

Myostatin appears to function as a negative regulator of 
skeletal muscle growth in mice [37]. Belgian Blue DM 
cattle are homozygous for an 11 base pair deletion in the 
coding region [22,29]. This mutation removes the portion of 
the myostatin protein that was targeted for the disruption in 
the mouse study [29, 37], Piedmontese DM cattle have a 
base pair transition in the same region [29]. Thus, mutations 
in the bovine myostatin gene result in the DM phenotype in 
cattle [22, 29]. At present, DM pigs and sheep breeds have 
not been examined for mutations in the myostatin gene. 
Double muscled fetuses have approxi-matley twice the 
number of muscle fibers as normal fetuses [46]. This increase 
in muscle fibers of DM is evident before 90 d of gestation 
[46], Mean fiber diameter area does not differ between 
normal and double muscled fetuses [46], Gerrard and 
Judge [21] found that scrum-stimulated myoblast 
replication was higher for DM than normal fetuses during 
the time when secondary rnyofiber formation was greatest. 
Thus, the DM phenotype in cattle is the result of hyperplasia, 
and not hypertrophy, of muscle fibers that occurs in the 
fetus. This is in contrast to hypertrophy seen in the callipyge 
sheep. 

Conclusions 
In this paper, we suggest that farm animals offer an 

alternative model for use in cellular and molecular study 
of muscle growth. Farm animal models like callipyge and 
double muscled animals combined with transgenics and 
cloning techniques will help identify specific regulatory 
elements involved in both embryonic, and postnatal myo-
genesis. In addition to meat production, farm animals 
represent excellent models for use in cellular and molecular 
skeletal muscle research. 
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