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by 
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Introduction 

The importance of regulating growth rate and com- 
position of body gain has been emphasized frequently 
at  these meetings (Hendrick, 1975; Allen et al., 1974; 
Kauffman, 1971 ) .  A calculation of the theoretical 
bcnefit from altering bodj7 composition of growing 
lambs is shown in Table 1.- These calculations suggest 
that by diverting a portion of the energy (utilized for 
fat production) to protein synthesis, a significant in- 
crease i n  protein output could be achieved on the 
samcl dietary energy input. There is ample evidence 
that the composition of body gain is under endocrine 
control. The rolc of the endocrine system in regulating 
growth and body composition has been discussed at 
these meetings ( Althen, 1975; Gerrits, 1968). More 
recent developments in this area are discussed in this 
presentation. 

1. Basic Approach 

In order to identify those endocrine factors which 
regulate body composition, genetic models of obesity 
are frequently used. The rationale is based on the con- 
cept that by examining animals that exhibit extremes 
in body growth, the regulatory mechanism( s )  will be  
exaggerated and more easily identified. The usual 
variation found in commercial units is often insuffi- 
cient to permit the researcher an opportunity to see 
sipificant changcs in endocrine status and regulatory 
events. However, a number of aniinal models of obe- 
sity in pigs, rats. and mice serve the researcher with 
sufficim t genetic variability to segregate endocrinc 
factors which may be involved in regulating growth 
and body composition. 

2. Potentiul Control Through Endocrine 
Mu n i p  lutio n 

Previous studies of genetic obcsities indicate a com- 
petition for available nutrients between muscle and 
adipose tissue when obese animals were pair-fed to 
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TABLE 1 

Theoretical Efficiency Gain When Composition of  Gain 
i s  Altered 

1. G r o w i n g  lambs  d e p o s i t  abou t  20 fp! p r o t e i n  a n d  60 grn iat p e r  
d a y . ]  

2 .  If 1 / 3  o f  t h e  e n e r g y  u s e d  to s t o r e  f a t  c o u l d  bc d i v e r t c d  t o  
p r o t e i n  s y n t h e s i s ,  t h e  f o l l o w i n g  c o u l d  t h e o r e t i c a l l y  o c c u r :  

a )  

b) 250 k c a l  : 5.7 kcaligm x 84% = 37 gm p r o t e i n  _ _ _ _ ~  f o r n t d .  

3. Summar:, - By r f d u c i n g  lamb f a t  p r o d u c t i o n  from 60 fp! p e r  

60 gm f a t  x 1 / 3  x 9 kcal/gm : 72%'' = ? S O  kcal s p a r e d ,  

day t o  4C p n  p e r  d a y ,  a n  approxinatc 2 - f o l d  incrc.ise i n  
? r o t e i n  p r o d u c t i o n  coul3 b e  a c h i e v e d  on t h e  same e n e r g y  
i n t a k e .  

'Fron R a t t r a y  e t  a l . ,  J. Anim. S c i .  38:378 ( 1 9 7 4 ) .  

4 r o o  B a l d w i n ,  R .  L .  J. D a i r y  S c i .  51:104 (1968) 

TABLE 2 
Protein and Lipid Metabolism in Leon and Obese Rots 

Exp*rimcntnl G r o u p s  

Lean ( F a i f a )  

'\lean 2 SM. ?leans w i t h  l i k e  s u p e r s c r i p t s  a r c  n o t  sicnifican:ly 
d i f f e r e n t  (P < . 0 5 ) .  

lean controls (Table, 2,  from Deb et al., 1975; Slartin, 
1976). In eflect, adipose cells are prefercmtially utilix- 
ing energy for fat synthesis over muscle tissue usc for 
protein ,ynthc$is. 

Some potential control mechanisms are prc~sentcd 
in Figure 1. '4s adipose cell is enlarged (perhaps 
through the lipid anabolic actions of insulin and  glu- 
cocorticoids), muscle cells may actually \how a de- 
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FIGURE 1 

Potential endocrine changes which influence composition of 
gain. Open arrows indicate inhibition o f  development, and 
darkened arrows indicate stimulation of development. 

crease in growth. Decreased muscle cell growth may 
be attributed to a decreased level of growth hormone. 
somatomedin, anabolic steroids and/or serum growth 
factors. In order to determine the role of thc cndo- 
crine system in causing excessive lipid accumulation 
and decreased protein depoyition, the hormone levels 
were examined in lean and obese animals. Data are 
summarized for two animal models, the Ossabaw pig 
(Martin et al., 1973) and the Zucker fatty rat (Zuck- 
er and Zucker, 1961). 

3. Genetic Models of Obesity 

Ossabaw Pig. Obesity in this model is charac- 
terized by shifts in adipose and liver tissue metabol- 
ism (Martin e t  al., 1973; Martin and Herbein, 1975; 
and Ruhlinger et al., 1978). The hormonal changes 
seen in these pigs may explain the enhanced adipose 
cell lipogenesis and decreased muscle development. 
Plasma levels of growth hormone were significantly 
lower when measured during fasting or during a glu- 
cose tolerance test ( Wangsness et al., 1977). More 
recently, it has been shown that when diurnal fluctua- 
tions of growth hormone levels were measured, a low- 
er plasma growth hormone level was evident in the 
obese pig throughout a 24 hour cycle (Acker, 1978). 
Althen (1975) reported that growth hormone was not 
a primary cause of obesity in pigs genetically selected 

A. 

for backfat thickness. The lack of significant differ- 
ences in growth hormone scwetion rate may have 
been caused by the large variation seen in this pa- 
rameter. Because of animal variation, a nearly two- 
fold difference in growth hormone secretion rate was 
not statistically significant. In  Ossabaw pigs, the de- 
pressed status of growth hormone may be responsible 
for their decreased muscle growth and devclopmcnt 
( Ezekewe and Martin, 1975). 

Somatomedin has been identified as a group of pep- 
tide hormones having growth hormone action and be- 
ing dependent on growth hormone for synthesis and 
release from the liver (Salmon, 1971; Daughday et al., 
1975; Van Den Rrande and Van B L ~ ,  1978). When 
measured by bioassay, no detectable differences were 
observed in lean arid obese pigs (Table 2) .  More spe- 
cific assays for somatomedin (Le., RIA) are rcquired 
to determine for certain thc somatomedin status of 
lean and obese pigs. 

Obese pigs were not hyperinsulinemic but cleared 
glucose at  a slower rate than lean controls ( Wangsncss 
et al., 1977). However, in the same study it was shown 
that provocative stimulation of insulin by arginine in- 
fusion produced a greater insulin response in obese 
pigs. Preliminary data suggest that obese pigs secrete 
more insulin in response to a meal than lean pigs 
( Aker, 1978). 

Other hormones have been measured in lean arid 
obese at birth (Table 3 ) .  Only triiodothyronine was 
found to be elevated at birth. Further characteriza- 
tion of hormone secretory response and diurnal pat- 
terns is needed before any suggestions can he made 

TABLE 3 

A summary o f  hormone studies in lean and obese pigs. 

_____. 

serum Levels 

H0mO"e Basal Scimulatcd Reference 

Growth Hormone' Decreased Decreased wangsness ct a 1  (1977) 

Somatomedin1 &S2 Cahagan ( 1 9 7 6 )  

Wangsness et a1 (1977) 

__._ ___-_ 

Inrnlin' KS Increased 

Cortisol' KS Decreased Kasser e t  a1 (1979) 

Thyroid Hornone' KS Dccreased Rasscr et a1 (1978) 

Rasser et  a 1  (1979) Thrli~dothyromine~ Ircrcased NS 

_ _ _  _ _ _ _  _ _  Kasser e t  a 1  (1979) ~ i ~ ~ ~ ~ ~ ~ 3  KS 

!These s t u d i e s  were performe6 i n  p i g s  approximately 6 months of a ~ e .  
Stimulation vas achieved by either plucase infusion or arginine infusion 

2NS = None significantly d i f f c r e n t  when corn;larcd to lean p i g s .  

%hese s t u d i e s  were performed i n  newborn l ean  and obese p i g s .  
Stimulated values are those observed after a 2 4  hour fast. 
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about their role in altering body composition of lean 
and obese pigs. 

B. Zucker Fatty Rat. The spontaneously obese 
Zucker rat has been shown to have decreased protein 
deposition and increased lipid deposition even when 
food intake is restricted to that of lean littermates 
(Table 2 ) .  Alterations in tissue enzyme level and in 
tjitro metabolite flux in the obese rat suggest a shift 
in metabolite utilization toward greater hepatic fatty 
acid synthesis and decreased muscle protein synthesis 
(Lemmonier et al., 1974; Taketomi et al., 1975; Mar- 
tin, 1976; Martin et al., 1979). Endocrine involvement 
in metabolic lesions associated with spontaneous ube- 
sities has been proposed by several investigators 
(Hausberger and Hausberger, 1960; Mayer, 1960; 
Hellerstrom and Hellman, 1963). I t  is apparent from 
the data cited here that the integrated controls of 
tissue development and endocrine homeostasis are not 
functioning normally in the Zucker obese rate (Table 
4). 

Insulin has been shown to influence feeding be- 
havior (Booth, 1970) and increase fatty acid synthe- 
sis. The early observation of elevated plasma insulin 
in obese Zucker rats suggested a role of this hormone 
in the etiology of the obese syndrome (Zucker and 
Antoniades, 1972; and Stern e t  al., 1972). However, 
by making both lean and obese rats diabetic and sup- 
plementing each with 3 units per day, the genetically 
obese-prone rat still gained excessive amounts of body 
fat (Stolz et al., 1977). I t  has also been shown that 
the biological properties and immunoreactivity of pan- 
creatic insulin and glucagon were similar when lean 
and obese rats were compared (Laburthe et  al., 
1975). 

TABLE 4 

A summary of endocrine studies in lean and obese Zucker rats. 

Endocrine 
>Ie.%S"rCme"L serum LCVCl References 

lnsu 1 in 

Gl"C.3&0" 

Growth i lamone 

Somatomedin 

TStI 

ThyrOXl".? 

Prolacti" 

ACTH 

Corticosterone 

FSH and Ltl 

Elevated 

Elevated 

Decreased 

Decreased 

CF' 

Decreased 

Decreased 

NSD' 

Elcvated 

NSDi 

Zuckcr and Antonaides (1972) 

(Unpublished observations) 

X a r ~ i n  and Gahagao (1977) 

Gahagan (1976) 

York et a l .  11972): Yartin et al. (1975) 

'lartin et al. (1978) 

![artin and Gahagan (1977) 

Yulrlnurd a i  (1978) 

Xartin et al (1978) 

Bray et a 1  (1973) 

'Conflicting rcsults. 

'SSD = No Significant D l f f e r e n c e .  

These studies indicate different conclusions. 

Impaired protein deposition found in obese rats 
(Deb  et al., 1976) may be caused by a decreased 
growth hormone status (Martin et al., 1978) and 
somatomedin activity (Gahagan, 1976). To test the 
hypothesis that the decreased levels of plasma growth 
hormone was a causal event in impaired protein depo- 
sition in obese rats, two types of experiments were 
performed. In the first, both lean and obese rats wcre 
hypophysectomized and injected with similar doses 
of porcine growth hormone (Stolz et al., 1977). When 
growth hormone status was equalized, the relative 
gain in body protein was the same in both lean and 
obese rats. 

In  a second series of experiments (Stolz et al., 
1978), pituitary cells from lean and obese rats were 
implanted in hypophysectomized animals. Under 
these circumstances, no detectable differences were 
found in rate of gain or composition of gain in the 
recipient animals. Taken together, these studies sup- 
port the following conclusions: 1 )  The differences in 
lean body growth seen in obese rats is caused by a 
reduction in plasma growth hormone levels; 2 )  The 
pituitary cells from lean and obese rats have similar 
capacities for stimulating growth; 3) No biological 
defect appears to be in either growth hormone or 
growth hormone receptors in obese rats. 

Using a similar approach with older obese rats, 
Powley and Morton ( 1976) hypophysectomized both 
lean and obese rats and studied their maintenance of 
the obese condition. In these studies they concluded 
that the adiposity established before surgery was not 
eliminated by hypophysectomy. Body composition and 
lean body mass were not measured directly. 

A proposed mechanism for decreased growth of 
lean body mass in obese rats is shown in Figure 2. 
The evidence of a hypothalamic defect is not direct. 

Hypothalamic Function 

Pituitary Function 

Hypothalamic Defect? 
Increased Somatosiatin o r  
Decreased GHSF 

0 
Decreased Secretion of Growth 
Hormone 

0 
Decreased Growth Hormone Levels Serum Response 

Liver Tissue Response 

0 

0 

Decreased Somatomedin 
Synthesis andlor Release 

Xusclc Tissue Response Decreased Muscle DNA Synthes15 
and Decreased Nitrogen Retention 

FIGURE 2 

Proposed Mechanism for Dccreased Growth o f  Lean Body Mass 
in Obeze Rats. 
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For example, decreased tolerance to cold, impaired 
reproduction, decreased growth hormone status and 
hyperphagia can only be explained by a lesion in the 
central control of these events. More direct evidence 
of hypothalamic functions is necessary to identify a 
primary site for this genetic lesion. 

A scheme for the regulation of adipose cell develop- 
ment in the Zucker rat is shown in Figure 3. This 
scheme was modified from Gruen et al. (1978). 
Changes in lipoprotein lipase activities in adipose tis- 
sue have been shown to correlate with the onset of 
adipose cell development (Gruen et al., 1978). Since 
this enzyme is inducible by insulin and insulin levels 
are elevated in obese rats, it is proposed that other 
factors which influence insulin secretion are causal 
events which lead to excessive lipid accumulation in 
this animal model. 

4. Bone Grow& 

An important aspect of altering the potential for 
lean bcdy growth and muscle development may be 
found in the regulation of bone growth. By increas- 
ing the skeletal length, the potential for muscle growth 
may be enhanced indirectly. I t  has been found that 
peak growth of muscle mass occurs just after peak 
growth in skeletal length (Tanner, 1968). 

In obese rats (unpublished observation) and obese 
pigs (Martin et al., 1973), skeletal growth is impaired. 
I t  is proposed that the deficiency in growth hormone 
seen in both of the animal models of obesity, is in- 
fluencing bone growth and thereby indirectly influ- 
encing muscle growth and protein depositions. More 

Hypothalamic Lesion ( ? )  

Beta C e l l  Lesion 

Increased  I n s u l i n  

1ncrc.ised Trig1 y c r r i  OI 
Storage  of  A J i p i r  .C i ~ l l  I 

FIGURE 3 
Beta Cell Lesion and Enhanced Lipoprotein Lipase. 

definitive studies on bone and muscle growth are 
needed to test this suggestion. 

Summary 

Marked changes in endocrine status show that ex- 
cessive deposition of body fat may be under hormonal 
control which, in turn, may be altered by genetic fac- 
tors. The primary genetic lesions which lead to obe- 
sity in animal models have not been identified. Evi- 
dence is presented which suggests that decreased pro- 
tein anabolic factors contribute to decreased protein 
deposition and enhanced lipid deposition in obese 
non-ruminants. 
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