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ABSTRACT

SOME RELATIONSHIPS BETWEEN DIETARY REGIMES, GROWTH,

CARCASS TRAITS AND PROTEIN SYNTHESIS IN RATS

by Ralph Jarold Lipsey

Three experiments involving 94 rats were conducted to study the rela-

tionship of nutritional regimes or growth hormone (GH) administration to

hypophysectomized rats on growth, carcass, protein metabolism, insulin and

GH traits. In Experiment I, 3 groups were fed a balanced high carbohydrate

diet either ad libitum, 75% ad libitum or 50% ad libitum. The rats were

bled every 2 weeks and at 6 weeks, 2 from each group were injected with

14C-lysine and sacrificed. Livers and muscle samples were taken for lysine

incorporation rate analysis. Three rats from each group were sacrificed

for RNA and DNA analysis of muscle and liver and S from each group were

sacrificed for carcass analysis.

Increasing dietary intake significantly increased average daily gains,

percent carcass fat, and decreased carcass protein and moisture, and muscle

and liver lysine incorporation rates. Serum insulin and GH levels did not

show any significant relationships to the experimental treatment other than

a general trend for insulin to be lowest for the 100% group, highest for

the 75% group and intermediate for the 50% group.

In Experiment II, thirty weanling male rats were randomly divided

into 2 groups and fed either a high fat or low fat diet 21 libitum. At 3

and 10 weeks 6 rats from each group were injected with 14C-lysine and

sacrificed and blood samples, livers and muscle samples were taken for

hormone assay, RNA, DNA analysis and lysine incorporation rate determination.

Five rats at 3 weeks and 3 rats at 10 weeks from each group were sacrificed

for carcass analysis.



Ralph Jarold Lipsey

The rats on the high fat diet consistently gained faster, had heavier

carcasses, higher percent carcass fat, lower percent carcass protein and

moisture, lower serum insulin and higher GH levels than those on low fat

diets. There were no significant differences in either muscle or liver

RNA, DNA and lysine incorporation rates into proteins between treatments.

In Experiment III, twenty-four hypophysectomized female rats were

randomly assigned to 3 groups and injected for 4 days with either 50 Hg

or 25 ug of purified porcine CH (R53 U.S.P. units/mg) while a control

group was given isotonic saline. On the 5th day all rats were injected

with 1AC-lysine, sacrificed and muscle and liver samples taken for RNA,

DNA and lysine incorporation rate analysis. GH administration signifi-

cantly increased muscle RNA and tended to increase serum insulin. Muscle

DNA, liver RNA and DNA, and lysine incorporation rates into liver and

muscle proteins were not significantly different between treatments.
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INTRODUCTION

With increasing educational, economic and population resources, not

only in America but throughout the world, the demand for meat and meat

protein has increased overwhelmingly in the last decade. The most sought

after trait in meat animal production today is rapid growth rate and effi-

ciency. The need to more clearly understand the ability of meat animals

to synthesize protein in the form of muscle is of major importance to the

livestock industry.

Certain animals in all species have been identified, which are capa-

ble of converting feed to muscle in a more efficient manner than others.

However, some of these animals are not without undesirable characteristics

making them unsuitable to practical economic and management systems.

Therefore, animal scientists are presented with the challenge to study

the mechanisms of growth and establish the endocrine, nutritional, and

genetic interrelationships.

Growth can be assessed by measuring weight gain and carcass composi-

tion; however, radioimmunoassay and radioisotope tracer methods may more

clearly define regulation of growth metabolism. Ideally, cattle, swine

or sheep, under their normal environmental conditions, would be the most

appropriate models for assessing growth of muscle to be used as meat, but

the contamination problems and expense of radioisotope tracer methods

render large animals such as these less useful. For this reason, labora-

tory animals are generally used as models in growth studies.

The study reported herein involved 3 groups of rats in various nutri-

tional and endocrine states. The objectives of this study were to find



the best laboratory animal model to examine the effects that nutrition have

on protein synthesis and the modes through which nutritional endocrine

factors act.

This study was designed to measure serum levels of insulin, growth

hormone, tissue levels of nucleic acids, and the uptake of a radioisotope

labeled amino acid and incorporation into tissue proteins in rats. The

long term goals of this research were to develop models applicable to

meat animals, define the nutritional and endocrine effects on protein

metabolism, and study feasible methods of regulating the rate limiting

step or steps of protein synthesis.



REVIEW OF LITERATURE

Growth and Development

From the time of conception to the time of death, animals have the

ability to change their size, weight and composition. This phenomena of

growth and development, is a very complicated biological process in which

innumerable biochemical systems are involved. Growth and development is

the most important aspect of animal agriculture. The specific phase of

growth and development of major concern to the animal industry is that

time period from birth to market weight.

There is no complete agreement among animal husbandmen in the dis-

tinction between growth and development. Growth may be described as an

increase in the mass of a body in definite intervals of time (Schlose,

1911), production of new biochemical units by cell division; enlargement,

or incorporation of materials from the environment (Brody, 1945) or simply

an increase in weight until mature size is reached (Hammond, 1952; and

McMeekan, 1959). At this time, no one definition of growth seems totally

acceptable, but animal scientists and husbandmen generally prefer the

description of Maynard and Loosli (1962). They indicated that "true"

growth involves an increase in the structural tissues (primarily muscle

and bone) and should be distinguished from the increase that results from

fat deposition in the adipose tissues.

Development as generally defined includes growth, but also emphasizes

differentiation or organization of a body. Hammond (1952) and McMeekan



(1959) stated that changes in body shape and/or conformation until the

various parts reach maturity is defined as development. Needham (1931)

indicated that differentiation involved both growth and cellular differen-

tiation.

The order of growth and development follows an outward trend starting

with and progressing exteriorally in order from the central nervous system,

bone, tendon, muscle, intermuscular fat and finally to subcutaneous fat

(Palsson and Verges, 1952; McMeekan, 1959). The mass and volume of these

tissues increase in the order stated and they also attain mature size in

this same order. Since the growth of the nervous system is nearly complete

at birth, and tendon growth is small in terms of weight gain, postnatal

growth is concerned primarily with increases in bone, muscle and fat.

McMeekan (1959) reported that bone completed a greater portion of

its growth early in postnatal life. Zinn (1967) reported that bone growth

of steers and heifers occurred at a near proportional rate to muscle for

the first 150 days of a 270 day feeding period. However, from 180 to 270

days, bone increased less than muscle, indicating that bone growth rate

declined. Sissons (1967) indicated that growth of the epiphyseal carti-

lage plate in the optimally growing male rat at 90 days of age was less

than half (102 nm/day) that at 30 days of age (257 nm/day). Tulloh (1964)

noted that bone increased with body weight in cattle, but at a decreasing

rate, which caused percentage of bone to decline as weight increased.

Muscle is the major body tissue on a weight basis (Hedrick, 1968).

Postnatal muscle growth is believed to occur primarily by an increase in

the size of the muscle cells (Joubert, 1956). He also reported that muscle



fiber diameter was more closely related to muscle weight than to age of

the animal. Relative differences in muscling whether expressed on a

weight, percentage, individual muscle size or fiber size basis vary

between animals even when weight or age are held constant (McMeekan, 1940;

Joubert, 1956; Cole g£_al., 1964). Brody (1945) indicated that the growth

of a particular muscle was almost entirely due to the increase of fiber

diameter and length. Tuma t 1. (1962) found that muscle fiber diameter

was closely related to the longjssimus area at the 12th rib in beef cattle.
 

The tissue which affects composition to the greatest extent is fat

(Callow, 1947, 1948). Increases in fat can be accounted for by both adi-

poeyte hypertrophy and hyperplasia (Anderson, 1972). Although fat deposi-

tion is a normal phase of the growth process, wide variation is observed

due to both genetic and environmental effects. McMeekan (1940) observed

that when genetically similar pigs were fed 4 planes of nutrition by

adjusting feed intake (dietary energy) from birth to sixteen weeks and

from sixteen weeks to slaughter at 91 kg,four different growth curves were

obtained. The 4 planes of nutrition in terms of dietary energy content

were high-high, high-low, low-high and low-low. He reported that pigs

on the high-high plane of nutrition reached 91 kg at 150 days, high-low

and low-high pigs at 200 days and those on the low-low plane at 350 days.

Moreover, he observed that carcass composition was 62% muscle for the

high-high pigs, 67% for high-low, 56% for low-high and 72% for those on

the low-low plane. Schemmel, Mickelsen and Gill (1970) reported that

various strains of laboratory rats performed differently when fed either

a high or low fat diet even though their weaning weights and composition



at weaning were sinular. Osborne-Mendel (0.M.) rats weighed 445 g on

the low fat and 693 g on the high fat diet at 20 weeks post weaning, while

SSB/PI rats weighed 304 g on the low fat and 346 g on the high fat diet.

In addition, carcass composition varied from 13% and 10% fat (O.M. and

SSB/PI on low fat) to 39% and 14% (O.M. and SSB/PI on high fat diets).

Mechanism of Protein Synthesis

Somatic cells replenish old and synthesize new proteins via phosphate

energy compounds, nucleic acids, amino acids and ribosomal proteins.

These compounds constitute a dynamic maSs and are collectively referred

to as polysomes. Mammalian polysome action is strikingly similar to that

of bacteria; however, the nuclear membrane and endoplasmic reticulum in

mammalian cells seemingly make this system more complex. Nuclear DNA .

functions as the storehouse of protein blueprints and is the ultimate source

of all RNA. Jacob and Monod (1961) recognized that messenger RNA (mRNA)

was transcribed from nuclear DNA, and contained a nucleotide sequence

which coded for amino acids. Ribosomal RNA (rRNA) and ribosomal proteins

from dense particles called ribosomes which exist in two subunits, one

larger than the other (Spadoni and Gaetani, 1972). Brown and Curdon

(1964) indicated that the active site of ribosome organization (proteins

combining with nucleic acids) was the nucleolus. The "mature" ribosome

can be found "free" in the cytoplasm or "attached” to the endoplasmic

reticulum. Transfer RNA (tRNA) is a small molecule made up of no more

than 85 nucleotides, shaped in a clover leaf model (Spadoni and Gaetani,



1972)° They also reported that every organism has at least 20 aminoacyl-

tRNA synthetases which link the correct amino acid to the specific anti-

codon on each tRNA molecule.

The protein synthetic process in 3112 has three major steps, 1) ini-

tiation, 2) elongation and 3) termination. Initiation is the formation

of a complex between the small subunit of the ribosome, the initiation

site (codon) on the mRNA and formylmethionyl-tRNA (fMet-tRNA). In this

process GTP and initiation factors are required, and subsequently the

large and small ribosomal subunits associate and form the ribosome (Iwasaki

‘_£._1., 1968; Mukundan g£_al,, 1968; Gilbert, 1963). Elongation is the

step by step addition of amino acids to the growing peptide chain by means

of the peptidyl-tRNA chain alternating between the P (donor) and A (accep-

tor) sites on the larger ribosomal subunit, so that the next aminoacyl-

tRNA can deliver its amino acid coded for by the mRNA (Trout and Monro,

1964). Termination is the release of the polypeptide chain linked to the

tRNA and bound to the mRNA-ribosome complex. Termination apparently re-

quires a termination codon on the mRNA and at least 3 releasing factors

Ukpemhi, 1967; Caskey gt 31,, 1968; Webster and Zinder, 1969; Capecchi

and Klein, 1970; Beaudet and Caskey, 1970). After release of the mRNA by

the intact ribosome, the ribosomal subunits dissociate and apparently re-

associate randomly at subsequent initiation steps (Falvey and Staehelin,

1970).

Since there are distinct differences in the growth rates of animals,

researchers have directed their attention toward measuring rates of pro-

tein metabolism in representative tissues. Before the widespread use of



radioactive traces, nitrogen balance index was the major method of measur-

ing amino acid uptake into protein. Radioactive tracer methods, polysomal

profiles and RNA and DNA tissue concentrations enabled more accurate mea-

surement of in yiyg and in yiggg protein synthesis of liver and muscle.

Fortunately, ribosomal RNA constitutes 80 to 90% of the total cellular

RNA, and even during severe RNA depletion, this percentage remains fairly

constant (Hirsch, 1967). Hirsch also reported that regardless of whether

the ribosomes (rRNA) are free or membrane bound, at least 85% is combined

with mRNA. With this in mind, measuring cellular RNA concentrations re-

mains a popular method of expressing protein synthetic activity.

Since protein synthesis rates were shown to be modulated at differ-

ent steps, determination of rate-limiting steps in protein synthesis‘was

studied. Earl and Hindley (1971) studied the rate limiting steps of in

yiyg and in_yi££g protein synthesis by utilizing the action of puromycin

at O C to observe the distribution of growing peptides between the donor

and acceptor sites. The proportion of peptides released by puromycin was

about 50% of the total growing peptides for both liver and muscle poly-

ribosomes labeled in yiyg, which suggested that neither the availability

nor the binding of aminoacyl tRNA nor peptide bond synthesis nor translo-

cation limited the rate of protein synthesis ig_yiyg. They were also

unsuccessful in altering this situation by starvation, hypophysectomy,

partial hepatectomy, or growth hormone, alloxan or insulin administration.

However, in their in_yi££2 studies involving either a cell free system or

tissue incubation, puromycin peptide release occurred largely from the

donor site, which suggested that either the availability or binding of



aminoacyl tRNA, or peptide bond synthesis must be limiting. In addition,

they reported that in neither study (in 3132 vs in_yi££2_tissue incubation)

was there a correlation between the proportion of growing peptides in the

donor site and changes in the rate of incorporation of radioactivity into

protein. They concluded that the intracellular concentration of amino

acids or aminoacyl-tRNA limited the rate of protein synthesis and that

the increased incorporation resulted from increased but still suboptimal.

concentrations of either or both.

Henshaw _g‘_l. (1971) studied animals fed ad_libitum but growing at

different rates and reported that rates of protein synthesis per unit of

ribosomes (RNA) in liver and muscle varied directly with growth rate.

Liver ranged from 2.4 to 9.1 nmoles of lysine incorporated per mg of RNA

per min. and muscle ranged from 1.1 to 3.9 nmoles. The variation in pro-

tein synthetic rates among animals was due entirely to changes in poly-

ribosome activity. Their results showed that synthetic activity per unit

of ribosomes is subject to modulation. They studied the mechanisms re-

sponsible for this modulation in some detail in liver. They concluded

that the two general mechanisms which may alter the protein-synthesizing

activity of ribosomes were: 1) controlling the proportion of ribosomes

that are associated with mRNA and hence are active in synthesis; and 2)

regulating the synthesizing activity of the mRNA associated polyribosomal

ribosomes. During fasting, both mechanisms are important; however, in

growing animals the only difference seemed to be that in the activity of

the polyribosomal ribosomes.
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Nutritional Effects on Protein Synthesis

Cuthbertson and Munro (1937) and Munro and Wikramayaki (1954) were

among the researchers to show that energy intake has a greater influence

(nitrogen retention) on protein metabolism and is more prolonged than the

effects of dietary protein levels. Campbell and Kosterlitz (1948) were

some of the earliest workers to report on the effects of various levels

of dietary energy on protein deposition in certain tissues. They showed

that energy intake in particular affected liver protein deposition.

Considerable research has been done on amino acid supply and balance

in the diet and their effects on protein synthesis rates in liver and

muscle. Reasons for measuring protein metabolism in muscle is obvious

from a meat animal standpoint; however, the liver is known to play an im-

portant role in regulating the amino acid supply to the peripheral tissues.

Elwyn, Parikh and Shoemaker (1968) showed that only about one-fifth of the

absorbed amino acids reaching the liver is released to the peripheral

tissues for utilization. Because the liver assumes this dominant role

over muscle amino acid metabolism, it plays a role in protein metabolism

of muscle.

Addis, P00 and Lew (1936) reported decreased liver protein content

in rats fed a protein-free diet. Kosterlitz (1947) and Munro, Naismith

and Wikramanayaki (1953) demonstrated that a protein-free diet quickly and

drastically reduced liver RNA content. Hanking and Roberts (1965) reported

that rat liver protein metabolism in_yi££2_was sensitive to amino acid

concentration of the medium. As they increased the concentration of 14C
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phenylalanine, threonine and valine in the medium, c.p.m. of TCA precipi-

table protein increased. Wannemacher, Cooper and Yatvin (1968) and

Enwonwu and Screenby (1971) reported that there was a marked decrease in

13.31559 protein synthesis in rat liver during a protein deficient state.

Pronczuk _£‘_l. (1968) were able to regulate rat liver polysome aggrega-

tion in a cell free system by varying the available supply of amino acids.

They reported that by adding an incomplete mixture of amino acids, the

system's polysomes broke down to monosomes. Munro (1968) pointed out that

liver RNA and protein synthesis rates are directly related to dietary

amino acid supply.

It should be pointed out that by measuring the RNA concentration in

liver, one generally cannot determine if the animal is in a state of long-

term or short-term protein deficiency. Noting that RNA content is a

function of both nucleic acid synthesis and degradation working indepen-

dently, Enwonwu and Munro (1970) stated that a deficient protein diet

caused an abrupt increase in liver RNA turnover. In other words, the rate

of RNA degradation is much higher than the rate of synthesis in early

dietary protein deficiency. Continued feeding of a protein deficient diet

decreases both degradation and synthesis, With prolonged protein deficiency

of at least 12 to 15 days, RNA synthesis appears to increase (Shaw and

Fillios, 1968; Quirin-Stricker, Gross and Mandel, 1968). At this point

though, degradation rate is high, consequently increased concentrations

of RNA are generally not observed.

Results of protein and nucleic acid metabolism of muscle have in gen-

eral paralleled that of liver. Breur, Davies and Florini (1964) demon-
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strated that ribosomes prepared from rat skeletal muscle catalyzed the

incorporation of significant amounts of amino acids into protein when

assayed ifl.!l££2° Young and Alexis (1968) reported that ribosomes of

young rats fed adequate levels of dietary protein were more active for

protein synthesis than ribosomes of young rats fed inadequate levels of

protein. They also noted that the concentration of thigh muscle RNA

decreased in the well nourished rats during growth, but total amount of

RNA increased three-fold due to the increased muscle mass. However,

Young and Alexis (1968) found a poorer relationship between muscle poly-

somal profiles and synthetic activity of the ribosomes than that observed

for liver ribosomes by Pronczuk._£‘al. (1968).

Waterlow and Stephen (1966) reported on incorporation of 14C lysine

into rat muscle proteins. They noted that when a labeled amino acid was

given to a protein-depleted animal, the distribution of radioactivity in

different tissues and organs of the body was not the same as in an animal

which had received a normal protein intake. The low protein diet appar-

ently did not cause any reduction in free lysine concentration in either

muscle or liver. In muscle, there were no significant differences in

free lysine content in different dietary groups. In liver, however, a

low protein diet reduced the relative amounts of free lysine, but the

differences were small. Their data also showed that the ratio of specific

activity of protein bound lysine to the specific activity of protein free

lysine (measurement of the amount of lysine incorporated) was reduced in

protein depleted rats.

Van Venrooij, Henshaw and Hirsch (1970) studied the effect of changes
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in composition of the media on the protein synthetic apparatus of Ehrlich

ascites tumor cells in culture. They reported that essential amino acid

supply and glucose concentration greatly affected synthesis on a cellular

basis. The synthetic rate changes were directly related to a shifting

of the polysomal profile. Their findings indicated that nutritional fac-

tors modulated the rate of synthesis through mechanisms other than sub-

strate limitation operating at the translational level. The latter

authors stated that amino acid supply and glucose concentration indepen-

dently influenced peptide chain initiation and elongation.

Hormonal Effects on Protein Synthesis

Growth hormone. Since Simpson, Evans and Li (1949) revealed that
 

growth hormone (CH) prevented decreases in the size and protein content

of rat liver following hypophysectomy, a great deal of interest has

evolved with attempts to specifically link the hormone with growth rate.

Russell (1955) reported that CH stimulated growth by increasing the rate

of protein biosynthesis rather than slowing down protein catabolism.

Korner (1960) reported that hypophysectomy decreased protein synthesis

in rat liver and injections of bovine CH partially restored amino acid‘

incorporation rates to normal. Knobil (1966) established that CH added

to the in 31539 medium of incubating rat diaphragm increased both amino

acid transport across the cell membrane and protein synthesis rates.

Korner (1964, 1967) demonstrated that the ability of ribosomes to

incorporate amino acids into protein depended on circulating CH in the

rat, and one of the events associated with CH action was increased RNA
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synthesis. In addition, he established that CH stimulated protein synthe-

sis and RNA synthesis in rat liver if it was injected into the rat, but

not if added to a cell free system. Clemens and Korner (1970) concluded

that CH could not stimulate protein synthesis in yiggg unless amino acid

levels were six times higher than normal plasma levels. However, Liberti,

Wood and DuVall (1972) showed that elevated amino acid concentrations were

not required to demonstrate CH action.

Since Korner (1967) was unable to show increased protein synthesis

by adding CH to a cell free system, the CH effect on protein synthesis rates

might possibly be a result of a secondary effect of the hormone in elevating

plasma free fatty acids which in turn also elevates insulin. However,

Jefferson and Korner (1967) subsequently showed that CH stimulated in

yitgg systems like perfused rat liver without the presence of insulin.

They also pointed out that CH effects on protein synthesis rates were

rapid; consequently its effect must be at the translational as well as the

transcriptional steps.

Insulin Effects on CH Section

Roth_g£_§l: (1963) demonstrated that doses of insulin sufficiently

large to lower blood glucose (to hypoglycemic levels), resulted in in-

creased HCH (bioassay) in the plasma. However, Luft _£__1. (1966) reported

that administration of insulin at levels too low to cause hypoglycemia

also elicited CH release. Katz, Dhariwal and McCann (1967) demonstrated

that hypoglycemia in the rat caused a significant depletion of pituitary

CH and of hypothalamic CH-releasing factor. Schalch (1967) reported
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contrary to the preceding workers that insulin-induced hypoglycemia dimin-

ished plasma CH in rats as measured by radioimmunoassay.

Thyroid Hormones Effect on CH Secretion

Thyroidectomy causes a decrease in pituitary CH content (Contopoulos

t 1., 1958; Meites and Fiel, 1967). Meites and Fiel (1967) showed that

thyroxine therapy resulted in increased pituitary CH. Daughaday g£‘_l.

(1968) confirmed these results using radioimmunoassay. Dickerman (1971)

reported that the lack of thyroxine produced a dramatic decrease in CH

synthesis as well as release,andthese effects were reversed by thyroxine

treatment.

Effects of Age and Sex on CH Secretion

Hormone concentrations at different ages vary as to whether data are

determined by biological assay or RIA. Contopoulos and Simpson (1957),

reported that CH (biological assay) was first detectable in the rat pitui-

tary at day 19 of gestation. Solomon and Creep (1958) and Bowman (1961)

reported that the total amount of CH in the rat pituitary increased with

age, but the concentration of CH per mg of tissue remained constant in

rats between 10 and 630 days of age.

Birge _£‘_l. (1967), using RIA methods, showed somewhat different

results. They reported that pituitary CH concentration as well as total

content increased with age. Male rats had higher CH concentrations than

females after puberty. Garcia and Ceschwind (1968) reported higher con-

centrations of CH with age, but they found no differences beteen males
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and females. Dickerman (1971) reported that pituitary CH of male rats

increased significantly with age to about 84 days, and plasma CH levels

increased to about 64 days of age. On the other hand, the pituitaries

of female rats showed greater total content as well as increased concen-

trations of CH up to 60 days of age. Plasma concentrations rose signifi-

cantly to 60 days of age. He also showed no significant differences in

plasma CH between males and females.

Josimovich, Mintz and Finster (1967) and Roth, Gordon and Bates

(1968) reported that as plasma estrogen increased there was a decrease in

plasma CH in the rat and human. Birge _£_al, (1967) reported that when

rat pituitaries were incubated with DES a suppression of CH release was

noted but there was no effect on pituitary concentration of CH.

Castrated male rats and adult female rats treated with testosterone

propionate showed increased pituitary concentration of CH (Birge t al.,

1967; Daughaday g£_al., 1968). Dickerman (1971) reported that thyroxine

deficiency had a more profound influence on growth than the lack of tes-

tosterone.

Nutrition and Stress on CH Secretion

Pituitary and plasma CH activity and concentration decreased when

rats were fed a protein free diet for extended periods of time (Srebnick,

Nelson and Simpson, 1959; Meites and Fiel, 1965; Dickerman, Negro-Vilar

and Meites, 1969). Dickerman t l. (1969) using bioassay and Trenkle

(1970) using RIA showed that starved rats had decreased plasma CH activity.
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Muller t l. (1967) noted that cold stress, high doses of vasopression,

epinephrine and urecholine depleted pituitary CH. Schalch and Reichlin

(1967) found decreases in plasma CH in rats subsequent to exercise, moder-

ate or severe hypoglycemia and cold stress. Daughaday t al. (1968) and

Garcia and Ceschwind (1968) observed similar results.

Insulin

One of the principal functions of insulin is to enable the mammalian

organism to rapidly and efficiently store the nutrients ingested. The

tissues responsible for storing these nutrients are adipose tissue, muscle

and liver, and they exhibit the most drastic metabolic alterations under

conditions of insulin excess or deprivation (Krahl, 1961). Early work by

Luck, Morrison and Wilbur (1928) showed that insulin caused a decrease

in the concentration of plasma amino acids as well as plasma glucose. In

in.yi££g studies insulin was shown to increase glucose uptake (Krahl, 1951),

free fatty acid uptake (Raben and Hollenberg, 1960) by adipose tissue and

it also stimulated the incorporation of amino acids into protein if some

carbohydrate such as glucose was present (Krahl, 1959). In addition,

insulin inhibited lipolysis (Randle and Morgan, 1962) and stimulated

glucose metabolism (Kono and Barkam, 1971) in adipose tissue.

Although the membrane of liver cells is highly permeable to glucose

under normal conditions, insulin stimulates glucose uptake (Hastings g5

31., 1952) and metabolism (Williams, Hill and Chaikoff, 1960) of livers of

diabetic animals. Miller (1961) summarized data which showed that insulin

increased protein metabolism only after mild insulin deficiency was estab-
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lished on perfused normal rat livers. Krahl (1952, 1953, 1956) showed

that no effect of insulin was noted on severely diabetic liver slices un-

less insulin was injected at least 10 hr.previously. However, he indicated

that mildly diabetic rat liver responded to insulin if glucose was present.

Penhos and Krahl (1961) observed similar findings with rat liver ribosomes.

Cemmill (1940, 1941) and Cemmill and Hamman (1941) demonstrated that

glucose uptake and metabolism of rat diaphragm was stimulated by adding

insulin to the in_yi££g medium. Wool and Krahl (1959) also found that

insulin stimulated amino acid uptake and protein synthesis of rat diaphragm

in_yi££g. In addition, they found that insulin stimulated protein synthesis

over a 0 to 600 mg/100 ml range of glucose in the medium. They indicated

that the effect of insulin on protein metabolism was independent of its

known action of promoting glucose entry into the cell.

Following these findings, in yiE£2_studies with muscle tissue were

undertaken to clarify insulin's role in protein metabolism. Wool and

Krahl (1959, 1964) pre-incubated rat diaphragm muscle with a labeled amino

acid and then added insulin to the medium. He showed that insulin stimu-

lated protein synthesis in the absence of added glucose. Manchester and

Krahl (1959) used amino acid precursors like 14C pyruvate, ketogluterate

and bicarbonate in the medium and observed that added insulin stimulated

14C labeled amino acids incorporation into protein. However, Wool (1964)

did not explain why insulin stimulated accumulation of some amino acids

and not others, or how insulin facilitated the membrane transport or

intracellular accumulation.
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Much interest was kindled in searching for the methods by which insu-

lin stimulated amino acid incorporation into protein. Wool and Cavicchi

(1967) reported that ribosomes from diabetic animals catalyzed protein

synthesis far less efficiently than did ribosomes from normal animals.

Ribosomes from diabetic animals treated with insulin before being sacri-

ficed, were more efficient than non-insulin-treated ribosomes in an in.

.yitgg system. They also revealed that polyuredylic acid added to the pre-

paration, restored diabetic ribosomes to normal efficiency and even in-

creased the efficiency of normal ribosomes. Wool and Kurihara (1967)

reported that by adding 3H puromyzin to ribosomal preparations of known

weights of diabetic and normal ribosomes, they could calculate the number

of active ribosome particles by the nacent 3H peptidyl-puromycin particles

formed. They indicated that 24.3% of the normal ribosomes were active and

8.7% of the diabetic preparations were active.

Wool and Krahl (1959), Manchester and Krahl (1959) and Wool (1965)

showed that the stimulation of protein synthesis in muscle by insulin was

not a secondary effect to the aCcumulation of amino acids. Thus, studies

followed to determine effects of insulin 0n transcription. Ebové-Bonis

_t al. (1963) and Wool and Meyer (1964) revealed that although insulin

increased RNA synthesis in muscle, this was a long term effect, and the

process was not obligatory. Rampersad and Wool (1965) pointed out that

insulin increased protein synthesis rates in an in_yi££2 system with a

constant amount of ribosomes and a constant amount of polyuredylic acid,

thus, ruling out transcriptional effects on RNA. They concluded that the
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locus of insulin action was ribosomal activity. Wool and Cavicchi (1966)

later suggested that, in muscle, the initial action of insulin is to

bring about the synthesis of a "specific protein” by modulating existing

mRNA. They concluded this because insulin's effects on muscle protein

synthesis were fast (5 min) and not affected by actinomycin.

Nutritional Effects on Insulin Secretion

Anderson and Long (1947) reported that the rate of insulin secretion

from the perfused pancreas was most dependent on the level of glucose in

the medium. Coore and Randle (1964) showed that insulin release from

pancreatic preparations (tissue slices) increased with increasing glucose

levels to a maximum glucose concentration of about 50 mM above which no

additional release was observed. Cagliardino and Martin (1966) and

Pallotta and Kennedy (1968) demonstrated that glucose released insulin

from the 8 cells of the pancreas. They showed that in humans, plasma in-

sulin rose to a peak value within 30 to 60 min. of glucose ingestion and

gradually returned to fasting levels over the next 3 hours.

Coore and Randle (1964) reported that mannose was effective in stim-

ulating insulin release. Fructose and galactose have been reported to

be ineffective while some pentoses may be effective in altering plasma

insulin levels in certain species (Taylor, 1972).

Floyd _£‘al. (1966) showed that amino acids were effective in in-

creasing insulin release. To date, amino acids which promote insulin

release are arginine, lysine, phenylalanine, valine and leucine (Taylor,

1972). Milner (1970) observed that leucine may be the only essential

amino acid which produces insulin release in the absence of glucose.
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Starvation caused decreased plasma insulin in rats (Cahill _£‘al.,

1966). Malaisse, Malaisse-Lagae and Wright (1967) reported that starva-

tion impaired insulin secretion and decreased pancreatic levels of insulin.

Schalch and Kipnis (1965) indicated that feeding a high fat diet to rats

caused a reduction of the carbohydrate tolerance and a concomitant hyper-

secretion of insulin. Consistent insulin hypersecretion is associated

with obesity in humans as well as other animals.(Perley and Kipnis, 1966).

The amount of carbohydrate in the diet is still the primary factor in

maintaining hyperinsulinism and alternatively reduction of dietary carbo-

hydrate causes diminished secretion of insulin (Taylor, 1972). Elevated

insulin release in_yi££2_has been shown to be attributed to the addition.

(Goberna gt al,, 1971), of pancreozymin (Hinz gt al., 1971) and gastrin

(Taylor, 1972) to the medium.

Hormone Effects on Insulin Secretion

Circulating insulin levels become elevated following GH treatment

(Randle and Young, 1956). The authors reported that GH appeared to sen-

sitize the islet to secretagogues such as glucose.

Adrenalin inhibited insulin release ig_yi££g (Coore and Randle, 1964)

while ACTH and glucagon caused the release of insulin (Taylor, 1972).

The stimulatory or inhibitory effect on insulin release is generally

associated with increased or decreased cyclic AMP in the B cells (Kipnis,

1970).



METHODS AND MATERIALS

Experiment I: Limiting Dietary Intake

Thirty male weanling rats were obtained from Spartan Research Animals,

Haslett, Michigan. The rats were randomly assorted into three groups,

identified by an earnotching system, paired and housed in wire suspension

type cages. Room temperature and light were controlled (temperature range

21 to 21.5 C and 12 hr.of both light and darkness). The diet fed is shown

in table 1. The rats were fed once daily between 7:00 and 8:00 a m. The

TABLE 1. RATION COMPOSITION

 

 

Ingredient Z

Casein 21

Corn starch 40

Cerelose 28

Non-nutritive fiber8 2

Salt and mineral mixb 4

Vitamin fortification mixC 1

Corn oil 5

 

aSolka Floc, Brown Company, Chicago, Ill.

’CGeneral Biochemicals, Chagrin Falls, Ohio

first day all rats were fed ad_1ibitum. Subsequently, throughout the feed-

ing period, ten rats were continued ad libitum, ten received 75% of the

previous day's ad libitum intake and ten received 50% of the ad libitum

intake.

22
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The feeding period continued for six weeks. Blood samples for hormone

assays were taken on days 14, 28 and 42 of the feeding period. The rats

were fed as usual on these sampling days and the bleeding began at 9:30

a m. The rats were anesthetized in an ether chamber and bled by eye-orbital

puncture with a capillary tube.

Muscle and liver protein synthesis rates were assayed in yiyg_at six

weeks. Two rats from each group (closest to the mean weight of the group)

were selected and injected intraperitoneally with 8 microcuries (up) of

14C-lysine with specific activity 220 millicuries (mc) per m mole. The

rats were sacrificed exactly 20 min. post injection and livers and muscle

(longissimus) samples were rapidly removed, sealed in polyethylene bags

and then frozen in a mixture of ethanol and dry ice. The samples were

stored at -20 C.

Carcass composition of rats on the three dietary regimes were deter-

mined at the end of the six week feeding period. Five rats from each group

were randomly selected, sacrificed and bled by decapitation, skinned and

the feet removed at the carpus and the tarsus joints. The stomach and

intestines were washed free of contents and included with the carcass for

the composition sample. The carcasses were sealed in polytehylene bags

and frozen as quickly as possible at -20 C. Three rats were randomly

selected from each group for nucleic acid analysis of muscle and liver

samples. The rats were anesthetized and killed by decapitation. The liver

and longissimus muscles were rapidly removed, sealed in polyethylene bags

and frozen in a mixture of dry ice and alcohol. The samples were stored

at - 20 C until analyzed.
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Experiment II: Effects of High Fat and Low Fat Diets

Forty weanling male Osborne Mendel rats were obtained courtesy of Dr.

Rachel Schemmel, Food Science and Human Nutrition Department, Michigan

State University. The rats were randomly assorted into two groups, housed

and maintained on the same feeding schedule as outlined in experiment I.

Feed was available ad libitum and one group received the diet described in

table 1 and the other group received the high fat diet shown in table 2.

TABLE 2. HIGH FAT RATION COMPOSITION

 

 

Ingredient %

Casein 25

Crisco 60

Non-nutritive fibera 8

Vitamin fortification mixb 2

Salt and mineral mixc 5

 

aSolka Floc, Brown Co., Chicago, Ill.

b’CGeneral Biochemical, Chagrin Falls, Ohio

After 3 weeks of the feeding period, all rats were bled by eye-oribtal

puncture for hormone assay. Two days later, 6 rats randomly selected from

each group were injected intraperitoneally with 8 uc 14C of lysine and

sacrificed exactly 20 min. post injection. Livers and thigh muscles were

removed as quickly as possible, sealed in a polyethylene bag and frozen

in a mixture of dry ice and alcohol. Five rats from each group were also

randomly selected at 3 weeks, sacrificed and prepared as in experiment I

for carcass analysis. Nucleic acid analysis was performed on the muscle

and liver samples collected for amino acid incorporation rate analyses.



25

After 10 weeks of the feeding period, all remaining rats were bled

and 2 days later, 6 rats were randomly selected from each group and in-

jected with 8 ac of 14C-lysine and sacrificed 20 min. later. Livers and

thigh muscles were collected for analysis. The three remaining rats in

each group were sacrificed and prepared for carcass analysis as described

in experiment I. Nucleic acid analysis was performed on the muscle and

liver samples collected for amino acid incorporation rate analyses.

Experiment 111: Effect of OH on Protein Synthesis in Hypophysectomized

Rats.

Twenty-four female hypophysectomized rats were obtained from Charles

River Breeding Laboratories, Inc., Wilmington, Mass, The rats were housed

in wire suspension type cages, maintained at 29 C and fed a commercially

prepared dieta ad libitum. The rats were "plateaued" for 12 days and then

randomly assigned to 3 groups. One group received 50 ug purified porcine

growth hormoneb (pGH)(RB U.S.P. units/mg) per day, another group received

25 ug pGH, and one group served as a control and received isotonic saline.

The pGH and saline were given intraperitoneally in 0.5 ml volumes once

daily between 9:00 and 9:15 a.m. On the 5th day 4 rats were randomly

selected from each group and injected intraperitoneally with 10 uc of 14C-

lysine with specific activity 220 mc/m mole and sacrificed 4 hr.later.

The other 4 rats from each group were given 4 up of 14C-lysine and sacri-

ficed 20 min. later. Livers and thigh muscle samples were sealed in poly-

ethylene bags, frozen in a mixture of dry ice and alcohol and stored at ~20 C.

 

aWayne Feed Company, Chicago, Ill.

Courtesy of Dr. L. J. Machlin, Life Sciences Dept., Monsanto Company, St.

Louis, Mo.
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Free Tissue Lysine Analysis

Free tissue lysine concentrations were determined as follows: liver

and muscle free lysine samples were prepared essentially according to

the method of Clark, Peng and Swendseid (1966) using norleucine as an in-

ternal standard. Approximately 0.5 g of tissue was homogenized in 5.0 ml

of 5% sulfosalicylic acid (SSA) using a Brinkman Polytron at high speed

for 10 to 20 seconds. The homogenates were centrifuged at 32,000 X g for

15 min. and decanted into a graduated test tube. The precipitate was

washed with 5 ml of 5% SSA, centrifuged and again decanted into the test

tube and the volume of the tube was adjusted to 10 ml with 5% SSA. Five

ml of protein-free supernate were pipetted into a 100 m1 round bottomed

flask along with 0.25 ml of 1 mM norleucine for muscle samples and 0.50 ml

of 1 mM norleucine for liver samples. The solution was concentrated in a

rotary evaporator to near dryness. The residue was resuspended in 1 ml of

lithium citrate buffer (pH 2.0) for muscle samples and 2.0 ml for liver

samples. Amino acid analyses were performed on a 0.2 ml aliquot of the

resultant solution with a Technicon TSM Amino Acid Analyzer.

4C-Lysine Incorporation Rate Analyses

Samples for determining the 14C incorporation rates were prepared as

follows. Approximately 1 g of tissue was homogenized in 5 ml of 20% tri-

chloroacetic acid (TCA) and centrifuged at 15,000 X g for 15 minutes. The

supernatant was decanted into a graduated test tube and the precipitate

washed twice with 5.0 ml of 20% TCA; centrifuged, decanted and adjusted to
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a total volume of 20 ml with 20% TCA. The pellet was resuspended in 5 ml

of hot 5% TCA for 15 min. at 90 C, then cooled, centrifuged and the super-

nate was discarded. The pellet was then dehydrated twice with acetone

and once with ether and then air dried for 24 hours. Five ml of l N NaOH

were used to dissolve the pellet and 0.2 ml of the protein-free solution

and 0.2 ml of the solubilized protein fraction were counted in 10 ml of

scintillation fluid on a Nuclear"Chicago Liquid Scintillation System Model

6488. The composition of the cocktail is given in table 3.

TABLE 3. LIQUID SCINTILLATION

COCKTAIL COMPOSITION

 

 

Reagent Quantity

Dioxane 385 ml

Xylene 385 ml

Ethanol (absolute) 230 ml

Naphthalene 80 g

Cabosil 25 g

PPO, Scinti Fluor S g

POPOP, Scinti Fluor 100 mg

 

Carcass Analyses

To get a homogeneous sample, the carcasses were chopped into small

pieces and finely ground in a large stainless steel cup on a Waring Blender

with a small amount of dry ice to preserve the frozen state. The sample

was returned to the polyethylene bag and kept frozen until analyZed.
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Moisture determinations were performed by the A.O.A.C. (1970) method of

drying 2.5 to 3.0 g of sample for 16 to 18 hr.at 100 to 105 C. Fat was

determined according to the A.O.A.C. (1970) ether extraction (Goldfisch)

method on the dried samples. Protein was determined according to The

American Instrument Company (1961) micro-Kjeldahl technique.

Nucleic acid analyses of muscle and liver were performed on samples

from rats randomly selected from each group. A modification of the Munro

and Fleck (1962, 1963) method was followed. Approximately 1 g of muscle

lwas homogenized in 10 m1 of deionized water (approximately 1 g of liver

was homogenized in 30 ml of deionized water) using a Brinkman Polytron at

high speed for 10 to 20 seconds. Two ml samples of the homogenate were

pipetted in duplicate into 15 ml Corex tubes and 5 ml of 2.5% cold perchloric

acid (PCA) were added and the tubes were allowed to stand for 10 minutes.

The sample was then centrifuged at 15,000 X g for 15 min.at 4 C and the

supernate was discarded. The pellet was washed once with 5 m1 of 1% PCA,

centrifuged and the supernate was discarded. The tubes containing the

precipitate were inverted and drained for 3 hours. Four ml of 0.3 N KOH

at 37 C were used to digest the pellet and solubilize the RNA. The digestion

was continued for at least 1 hr.after the pellet had dissolved; generally

this required about 4 hours. The tubes were then cooled in ice and 5 m1

of 5% PCA were added. After about 10 min. the samples were centrifuged

and the supernatant was collected in graduated test tubes for RNA deter-

minations. The pellet was washed twice with 5 ml of 5% PCA, centrifuged

and the supernate was combined with the original solubilized fraction.
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The combined volume of the supernatants was then adjusted to 20 ml with

5% PCA. Five ml of 10% PCA were then added to the remaining pellet,

heated to 70 C for 25 min, then cooled in ice and centrifuged. The super-

nate was saved in a graduated test tube for DNA determination. The pellet

was washed once with 4.5 ml of 10% PCA, centrifuged, and the supernatant

added to the original soluble fraction. The combined volume was then

adjusted to 10 ml with 10% PCA.

The RNA ribose was analyzed by the colorimetric orcinol procedure of

Mejbaum (1939) as described by LePage (1957), while DNA was analyzed by

the colorimetric diphenylamine method of Burton (1956) as modified by

Giles and Meyers (1965).

Radioimmunoassays

Insulin

A double radioimmunoassay (RIA) procedure for rat insulin was followed

using a porcine antibody system developed by Grigsby (1973), with modifi-

cations, according to the procedure reported by Koprowski (1972) and

Koprowski and Tucker (1971).

Antibodies. The antibody to porcine insulin, guinea pig anti-porcine

insulin gamma globulin (GPAPI) (Miles Laboratories, Inc., Research Division,

Kankakee, 111. 60901, lot no. 15) was diluted 1:400 with 0.05 M.EDTA-PBS

(pH 7.0) (Appendix I.A.4) and stored in small quantities at -20 C. On the

day of use, it was diluted to 1:80,000 with 1:400 guinea pig control sera

(GPCS) (Appendix I.A.6) so that 30 to 35% of the labeled insulin was bound.
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The second antibody, sheep anti-guinea pig gamma globulin, was obtained

courtesy of the Dairy Science Department, Michigan State University. This

antibody was diluted to ensure maximal precipitation of the antibody bound

labeled insulin with 0.05 M EDTA-PBS. Generally this dilution was 1:6 to

1:10 depending on the titer of the bleeding.

Labeled Insulin. 1251 labeled bovine insulin was obtained from Amer-

sham Searle Corp., Arlington Hts., Ill. 60005. The 125I insulin was

diluted with 0.01 M phosphate buffer - 1% BSA. (1A1) (Appendix I.A.l) so

that 100 ul would have 15,000 to 20,000 cpm on the beginning day of the

RIA.

Radioimmunoassay procedures

1. Tubes 1 and 2 contained 500 ul of PBS-1% BSA (181) (Appendix I.A.S),

200 ul of GPCS (dil 1:400), 100 ul of labeled insulin, and 200 ul of SACPCG

(check for non-specific binding).

2. Tubes 3 and 4 contained 100 ul of labeled insulin (check total

counts added to each tube).

3. Tubes 5 and 6 contained 500 ul of 13 200 ul of GPAPI, 100 ul of
1’

labeled insulin, and 200 ul of SAGPGG (check for total precipitation).

4. Three groups of insulin standards were evenly distributed through-

out the assay. These tubes contained 400 ul of 131’ 100 ul of porcine

insulin (purified preparation of porcine insulin obtained courtesy of

Eli Lilly Co., Indianapolis, In. 46206, lot PJ~5682, 23.4 U/mg) diluted

125
with TB 200 ul GPAPI, 100 ul I labeled insulin and 200 ul SAGPGG.

1)

5. Each unknown was sampled at 100 and 150 ul and was diluted to 500

ul with 131' To each tube, 200 ul of GPAPI, 100 ul labeled insulin, and

200 ul of SAGPGG were added.
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The order in which the above reagents were placed in tubes was as

follows:

1. All tubes, except total count tubes, received 1B1.

2. The standards and unknowns were added to the appropriate tubes

followed by GPCS and GPAPI. The contents of all tubes were stirred with

a Vortex mixer following the addition of each reagent and then stored at

4 C for 24 hours.

3. Twenty-four hr.later, the SAGPGG was added and the tubes were

stirred and stored at 4 C for 72 hours.

4. After 72 ha, 3 m1 of PBS (Appendix I.A.Z) were added to each tube

(except total count tubes) and centrifuged at 2,500 X g for 27 min. in a

refrigerated centrifuge.

5. The supernatant of all tubes was decanted and the precipitate

counted on a Nuclear Chicago gamma counter.

Growth Hormone

A double RIA procedure for rat GH was followed according to Birgqug

al. (1967), as modified from Parker t l. (1965), Schalch and Parker

(1964) and Schalch and Reichlin (1966).

Antibodies. The antibody to rat GH, monkey anti-rat GH gamma globulin
 

(NIAMD-Anti-Rat GHS-l) was supplied by the National Institute of Arthritis

and Metabolic Diseases Rat Pituitary Hormone Program through the courtesy

of Dr. Albert Parlow (Department of Obstetrics and Gynecology, School of

Medicine, Torrance, California). This antiserum was diluted 1:1000 with

0.025 M 1% BSA - 0.025 M EDTA-PBS buffer at pH 7.6 (Appendix 1.3.2), and
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stored at -20 C. 0n the day of use, it was diluted to l:50,000 with 1:500

monkey control serum (MCS) (Appendix 1.8) so that 40% of the labelled rat

GH was precipitated in tubes containing only 1% BSA-EDTA-PBS, NIAMD-A-Rat

GHS-l (MARCH), labelled rat GH and the "second" antibody. It was found

that a l:50,000 dilution bound 35% of the radioiodinated CH.

The second antibody, goat anti-monkey gamma globulin (GAMGG) was ob-

tained from CALBIOCHEM, San Diego, Cal. 92112. This antibody was diluted

to ensure maximal precipitation of the antibody bound labeled rat GH. It

was found that a 1:7 dilution with 0.025 M EDTA-PBS (Appendix 1.3.1) was

optimal for this assay.

Radioiodination of Rat GH. A highly purified rat GH preparation was

obtained courtesy of Dr. Parlow. NIAMD-Rat GH-I-l was dissolved in deion-

ized water (pH 7.6) and diluted to a concentration of l mg/milliliter.

Twenty ul (20 mg) of rat GH were aliquoted into 4 m1 vials containing 100

u1 of 0.5 M buffer (pH 7.6) (Appendix I.A.2) and stored at -20 C until

iodinated. Prior to iodination, one vial was thawed and mixed well with

1 me of 125I with high specific activity (Amersham Searle Corp., Arlington

Hts., Il. 60005). Twenty-five ul (87.5 pg) of Chloramine-T (Appendix I.C.1)

were added and mixed while the reaction was allowed to proceed for 45 sec-

onds. At the end of the reaction time, 125 pg of sodium metabisulfate

(Na ) were added (Appendix I.C.2) and mixed thoroughly. One hundred

23205

pl of transfer solution (Appendix I.C.3) were added and mixed thoroughly

by withdrawing and expelling the solution from a plastic syringe. The

solution was then transferred by the same syringe to a 0.9 x 20 cm column

of Sephadex G-50 expanded in 0.05 M barbital buffer (Appendix 1.0.5). The
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reaction vial was rinsed with 100 pl of a rinse solution (Appendix I.C.4)

and this solution was layered on the column with the same syringe. One ml

aliquots were collected in tubes coated with 2 drops of 30% bovine serum

albumin (BSA), as the column was eluted with 0.05 M barbital buffer (pH

8.6). Twenty ul from each tube were counted on a Nuclear Chicago gamma

counter. Generally tubes 8 and 18 showed distinct peaks with the first

H 1251.
peak being iodinated GH and the second "free Aliquots of 0.25 to

0.40 ml (20 to 40 x 106 CPM) were transferred from the peak iodinated GH

tube along with 0.15 ml transfer solution to a 0.9 x 50 cm column for

repurification. Two ml aliquots were collected in tubes coated with 1%-

BSA-PBS at pH 7.6 during the column elution with barbital buffer. Twenty

ul aliquots were again counted from each tube and the peak values deter-

mined. Three peaks were observed; peak one was aggregated GH; peak two was

undamaged GH used in RIA; and peak three was digraded GH. Aliquots of

tubes from peak two were diluted in 1% BSA-PBS at pH 7.2 until 100 #1 gave

5,000 to 8,000 cpm for use in RIA. Dickerman (1971) reported that the

diluted solution may be kept at 4 C for as long as 2 months withOut signi-

ficant alterations in the immunological activity of the molecule.

Procedures for RIA. The assay was carried out in disposable culture
 

tubes, 12 x 75 mm (Kimble Owens, Toledo, Ohio) and labeled in the following

manner:

1. Tubes 1 and 2 contained 300 ul of 1% BSA + 0.025 M EDTA phospho-

saline buffer + 0.01% thimersol (GHBI), 100 pl of 1:500 normal monkey

serum, 100 pl of labeled rat GH and 100 ul GAMGG (check for non-specific

binding).
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2. Tubes 3 and 4 contained 100 pl of labeled rat GH (check total

"counts" added/tube).

3. Tubes 5 and 6 contained 300 p1 of GHB 100 pl of MARCH, 100 p1 of1,

labeled rat GH and 100 pl of GAMGG (check for total binding).

4. Three groups of CH standards (NIAMD-Rat CH-RP-l supplied by NIH,

courtesy of Dr. Parlow) were evenly distributed throughout the assay.

These tubes contained 200 pl of CHBl, 100 pl of rat CH (Appendix I.B.4)

diluted with 1% BSA-PBS (pH 7.6). All tubes received 100 p1 of MARCH,

100 p1 labeled rat CH and 100 pl of GAMGG.

5. Each unknown was sampled at 25 and 50 pl and was diluted to 300 pl

with CHBl. To each tube, 100 pl of MARCH, 100 pl of labeled rat CH and

100 pl of CAMCC were added.

The order in which the above reagents were placed in tubes was as

follows:

1. All tubes, except total count tubes, received GHBI.

2. The standards and unknowns were added to the appropriate tubes

followed by MCS and MARCH. The contents of all tubes were stirred with a

Vortex mixer following the addition of each reagent and then stored at

4 C for 24 hours.

3. After 24 ha, the labeled CH was added and the tubes were stirred

with a Vortex mixer. The tubes were stored at 4 C for 48 hours.

4. Forty-eight hr.later, the GAMGG was added and the tubes were stirred

and stored at 4 C for 24 hours.

5. After 24 hr, the tubes were centrifuged at 2,500 X g for 20 min.

in a refrigerated centrifuge. At the end of 20 min., 2.5 ml of PBS were

added to each tube, then centrifuged again for 20 minutes.
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6. The supernatant of all tubes was decanted and the precipitate

counted on a Nuclear Chicago gamma counter.

Statistical Analyses

Data were analyzed on the 3600 Computer at the Michigan State Uni-

versity Computer Laboratory. Analysis of variance and simple correlation

coefficients were determined and the correlation coefficients are listed

in Appendix 111. Analysis of variance data from Experiment I and III

were analyzed by Duncan's New Multiple Range procedure (Steel and Torrie,

1960) to test for significant differences. Means and standard errors

from Experiment II were computed on a Hewlett-Packard 9100A Calculator and

analyzed by Student's t-test (Sokal and Rohlf, 1969) for significant

differences.



RESULTS AND DISCUSSION

Growth Traits

Rat growth data for Experiments I and II are presented in tables 4

and 5. The initial weights of all treatment groups were not significantly

(P > .05) different within experiments; however, in both studies the ex-

perimental treatment significantly affected average daily gain (ADC) and

final weight. Since feed consumption was the basis of the experimental

treatment in Experiment I, regulation of feed consumption would be expected

to affect ADC. This observation is supported by the highly signficant

correlation coefficient (r = 0.96) obtained between feed consumption and

ADC. Feed consumption is not presented for Experiment II since both groups

were fed 29 libitum on diets greatly different in energy source and con-

centration. It is interesting to note that limiting feed intake in Experi-

ment I, did not significantly affect the feed/gain ratio. These results

are in partial agreement with those of Hines (1966) who showed that re-

stricting swine to 75% of_§g_libitum intake resulted in no significant

difference in feed utilization. However, he also reported that a level

of 70% restriction or greater increased feed/gain ratio.

The ADC of the groups in Experiment II are significantly different

when compared at constant age. These results paralleled those of Schemmel

g; a1, (1970) for weight gains of Osborne-Mendel (0.M.) rats fed high fat

or grain diets ad_libitum, as they reported that male 0.M. rats performed

superior to six other strains and were capable of gaining approximately

7 g/day.

36
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TABLE 4. MEANS AND STANDARD ERRORS OF WEIGHTS, GAINS AND FEED CONSUMPTION

FOR EXPERIMENT Ia.

 

Percent ad libitum intake

 

Item 100b 75b 50b S.E.M.

Initial wt, g 47.2 47.6 47.7 1.12

Final wt, g 324.0c 254.6d 188.7e 5.24

ADC, g 6.59C 4.93d 3.35e 0.12

Feed consumption, g 777.2C 583.0d 387.0e 3.72

Feed/gain 2.82 2.83 2.77 0.07

 

aMeans having different superscripts are significantly different (P < .05).

b10 rats/group.

TABLE 5. MEANS AND STANDARD ERRORS OF WEIGHTS AND GAINS FOR EXPERIMENT II.

 

 

 

3 weeks8 10 weeksb

Item Low fatC High fatC Low fatd High fatd

Initial wt, g 46.0 + 2.3 44.5 i 2.5 43.5 i 2.5 45.0 i 2.2

Final wt, g 185.4 i 6.5e 200.0 i 6.9f 328.9 i 5.6X 465.5 1 29.0Y

ADC, g 6.76 i 0.33e 7.33 1 0.36f 4.10 i 0.03K 6.10 i 0.33y

 

83 week means with different superscripts are significantly different

(P < .05).

b10 week means with different superscripts are significantly different

(P < .05).

C5 rats/group.

3 rats/group.
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Carcass Traits

Table 6 shows that level of feed intake significantly (P < .05)

affected carcass weight. This is indicated by the highly significant

relationship (r = 0.92) which was observed between carcass weight and feed

intake. In Experiment 11, carcass weights of rats on the high fat diet

were significantly heavier than those on the low fat diet at 10 weeks, but

not at 3 weeks (table 7). The mean differences for ADC were greater at

10 weeks (table 5) which would explain why carcass weights among high and

low fat diets differed more at 10 weeks than at 3. Moisture and fat con-

tent of the carcasses showed the most dramatic changes when the rats were

fed on the high fat diet (table 7). Even though carcass weights did not

vary significantly at 3 weeks, the moisture and fat percentages were sig-

nificantly different. The correlation coefficient (r = - .97) between

carcass moisture and fat is in agreement with Reid _£._l,, 1967, who re-

ported similar correlations (r = -.99) for sheep, cattle and swine carcasses.

In both Experiments I and II, higher ADC was associated with increased

carcass weight, carcass fat and decreased carcass moisture percentage.

Data from Experiment I are consistent with the results of cattle fed 3

levels of dietary energy (Moulton, Trowbridge and Haigh, 1921). These

authors indicated that percent fat was higher and percent lean lower in

full-fed cattle, whereas, restricted-fed cattle showed the opposite trends.

Results from Experiment II Show the same general trends for percent car-

cass fat that were previously reported by Schemmel _£._l. (1970). They

reported that 0.M. rats fed low fat and high fat diets for 10 weeks had

12.8% and 34.0% carcass fat, respectively. Table 8 shows that rats of
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TABLE 6. MEANS AND STANDARD ERRORS OF CARCASS DATA FOR EXPERIMENT Ia.

 

Percent ad libitum intake

 

Item 100b 75b 50b S.E.M.

Carcass wt, g 203.7C 169.8d 118.1e 4.90

Moisture, % 67.06 70.1d 73.16 0.34

Protein, 2 18.26 18.4d 19.5e 0.12

Fat, 2 11.46 8.1d 3.96 0.41

 

aMeans having different superscripts are significantly different (P < .05).

b5 rats/group.

TABLE 7. MEANS AND STANDARD ERRORS OF CARCASS DATA FOR EXPERIMENT II.

 

 

 

3 weeksa 10 weeksb

Item Low fatc High_f§tc Low fatd High fatd

Carcass wt, g 118.4 i 4.2 127.6 i 4.4 213.7 i 3.8x 3011) t 17.6y

Moisture, 2 68.0 r 0.86 64.9 i 0.9f 68.1 i 0.3x 59.2 r 1.4V

Protein, 2 17.9 r 0.46 15.9 i 0.2f 17.2 t 0.1x 15.3 i 0.6y

Fat, % 10.4 i 0.96 15.3 r 0.8f 12.5 : 0.3x 20.8 i 2.1?

 

83 week means with different superscripts are significantly different

(P < .05).

b10 week means with different superscripts are significantly different

(P < .05).

C5 rats/group.

d3 rats/group.
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corresponding age (10 weeks) and diets had 12.5% and 21.0% carcass fat,

respectively.

TABLE 8. CARCASS DATA MEANS FOR EXPERIMENT II GROUPED BY DIET.

 

  

 

Low fata High fatb

Item 3 weeksC 10 weeké: 3 weeks‘1 10 weeksci

Carcass wt, g 118.46 213.7f 127.6 301.0

Moisture, % 68.0 68.1 64.9X 59.2y

Protein, % 17.9 17.2 15.9 15.3

Fat, 2 10.4 12.5 15.3x 20.8y

 

aLow fat means with different superscripts are significantly different

(P < .05).

bHigh fat means with different superscripts are Significantly different

(P < .05).

C5 rats/group.

d3 rats/group.

Results from both experiments show that as percent fat increased,

percent protein decreased. This relationship is particularly evident

when the comparisons are made between dietary treatment and when age is

held constant (tables 6 and 7). Table 8 shows that percent protein was

influenced to a greater extent by dietary effects on carcass fat than by

age. Carcasses from rats on the low fat diet were not significantly

different in percent fat or percent protein at either 3 or 10 weeks even

though there were large differences in absolute carcass weight. Carcasses

from the rats on the high fat diet at 3 and 10 weeks not only showed the

expected differences in weight but they also had significant differences

in percent fat while those fed the low fat diet were not significantly
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different. Percent carcass protein was not different between the 3 and

10 week groups on either the high or low fat diets; however, percent car-

cass protein tended to decrease with age (table 8).

Although percent carcass protein tended to decrease with age in these

experiments, it is important to point out that Coll, Bray and Hoekstra

(1963) and Gann (1969) reported a small increase in muscle protein concen-

tration expressed either on a wet weight or a dry, fat free basis with in-

creasing age. These results observed by the latter authors, as well as

the conclusions of McMeekan (1959), Zinn (1967) and Sissons (1967) indicate

that bone development is completed early in terms of tissue maturity and

consequently percent bone of the carcass tends to decrease throughout

growth. Hence the major reason why percent carcass protein decreases from

birth to maturity is explained by the fact that percent fat increases rela-

tively faster during growth than muscle and bone. As a result, percent

carcass protein tends to steadily decline. The carcass data in Experiments

I and II agree with the conclusions of Palsson and Verges (1952) and

McMeekan (1959) that there is obligatory order in tissue development, and

if there is strict competition for nutrients, the bone and lean mass will

take precedence over adipose tissue. Correlation coefficients between car-

cass traits, serum insulin and CH are presented in Appendix III.

Protein Metabolism

The means of the tissue nucleic acids and lysine incorporation rates

for Experiments I and II are presented in tables 9 through 11. RNA content

is a common method of estimating the protein synthetic ability of a given
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tissue at the specific time of sampling. This is a reasonable assessment

of protein synthetic capability since about 80% of the total cellular RNA

has been reported to be engaged in protein synthesis (Hirsch, 1967). Cer-

tain drawbacks are apparent with this estimation; however, there is

no measure of peptide elongation or initiation or the amount and quality

of protein synthesized. Regardless of these drawbacks, RNA content is

certainly a "course control" mechanism of protein metabolism.

Results of Experiment I (table 9) show that the ad libitum fed rats

had significantly more RNA per gram of muscle and liver than the restricted

fed groups, and the 75% group tended to Show greater RNA concentration

than the 50% group. In addition, feed consumption was significantly

correlated with both muscle (r = 0.88) and liver (r = 0.66) RNA.

TABLE 9. MEANS AND STANDARD ERRORS OF NUCLEIC ACIDS AND 14C-LYSINE

INCORPORATION FOR EXPERIMENT I.

 

Percent ad libitum intakea

 

Item 100d 75d 50d S.E.M.

Muscle RNAb 1.49f 0.638 0.568 0.03

Muscle DNAb 2.29f 2.10f 1.79g 0.11

Liver RNAb 12.68f 9.13g 7.548 0.96

Liver DNAb 2.37 2.21 2.15 0.07

Lysine muscle6 0.40f 1.108 1.65f 0.11

Lysine liverc 3.75f 5.908 5.55f:8 0.44

 

aMeans having different superscripts are significantly different (P < .05).

mg/g wet sample.

Cn moles lysine incorporated/mg RNA/min.

3 rats/group
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These results are in agreement with those of Naismith and Wikromanayaki

(1953), Munro (1968), and Enwonwu and Munro (1970) for the relationship

of dietary amino acid intake and RNA concentration in skeletal muscle and

liver. Although the diet was not deficient in protein, the result of

restricting intake limited the energy intake of the rats and undoubtedly

a greater proportion of the protein intake was consequently used for

gluconeogenesis or other energy metabolism. Table 10 shows that no signi-

ficant differences were obtained for liver and muscle RNA concentrations

of rats fed the high or low fat diet when compared at constant ages. Thus

in contrast to the relationship observed between RNA concentration and

dietary intake in Experiment I, RNA concentration was not significantly

affected by high or low fat diets in Experiment II. However, the tissues

of rats on the low fat diet tended to have slightly higher RNA values than

those fed high fat. Hormonal effects such as those which resulted from

the variation in diets used in this study might provide an explanation for

the differences observed in RNA. The relationship of insulin and CH to

tissue RNA will be discussed later.

DNA concentrations are measured in various tissues to estimate the

"cellularity" or cell number of the tissue sampled. This is a relatively

accurate method if the tissue is mononucleate. Since liver and muscle

tissue are polynucleate; cell number as assessed by DNA is not accurately

measured. Nevertheless, DNA concentrations of liver and muscle remain one

of the best measures of cellularity available to date. During the early

weeks of postnatal life, skeletal muscles of the rat undergo rapid growth,

with the greatest increase in muscle mass occurring between 8 and 13 weeks

of age (Cordon, Kowalski and Fritts, 1966). This postnatal increase in
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muscle mass is largely due to muscle fiber hypertrophy, since it is gen-

erally accepted that muscle fiber number does not increase after birth

(Coldspink, 1970; Rowe and Coldspink, 1969). During this period of muscle

fiber hypertrophy the nuclei proliferate and DNA concentration increases

proportionately. Pearson and Widdowson (1970) stated that the increase

in nuclei and DNA is due to increased number of muscle fiber nuclei or

"satellite cell" nuclei associated with lean tissue, and not to increased

DNA per nucleus. Data from Experiment I (table 9) show that rats fed

100% and 75% ad_libitum had significantly more DNA per gram of muscle than

the 50% ad libitum group. Since the data show that increased feed con-

sumption resulted in muscle nuclei proliferation (increased DNA) in this

study it appears that muscle DNA can be nutritionally manipulated.

Although the liver DNA concentrations of the corresponding dietary

treatments in Experiment I (table 9) were not significantly different, a

similar trend was apparent in that feed intake and liver DNA concentration

were positively related. The full fed group tended to have greater con-

centrations of liver DNA than the restricted fed rats.

Table 10 shows no significant differences in DNA concentration in

muscle or liver of rats, within age groups, fed high fat or low fat diets.

There was a slight trend for rats on the high fat diet to show higher

DNA values in both tissues. Since the rats on the high fat diet gained

significantly faster than those on the low fat diet, they had heavier

muscle and liver weights which undoubtedly were associated with more

nuclei. It is interesting to note from table 11 that muscle DNA concen-

trations are significantly lower at 10 weeks than at 3 weeks. These data
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TANDARD ERRORS OF TISSUE NUCLEIC ACIDS AND 11+C-LYSINE

 

  

 

INCORPORATION RATES FOR EXPERIMENT II.

3 weeksC 10 weeksC

Item Low fat High fat Low fat High fat

Muscle RNAa 2.50 a 0.19 2.43: 0.14 1.64 r 0.10 1.90 e 0.12

Muscle DNAa 0.79 e 0.06 0.88 r 0.05 0.60 r 0.04 0.66 e 0.04

Liver RNAa 13.61 s 0.48 12.49 r 0.45 13.00 a 1.19 10.58 1 0.68

Liver DNA 3.15 r 0.22 3.54 r 0.14 3.25 r 0.28 3.24 r 0.08

Lysine muscleb 1.15 r 0.09 0.93 i 0.17 2.26 r 0.27 1.96 i 0.39

Lysine liverb 2.90 a 0.29 2.73 r 0.50 2.44 a 0.35 3.70 a 0.70

 

amg/g wet sample.

n moles lysine incorp

C6 rats/group.

Note: There were no s

constant age.

TABLE 11. MEANS AND S

orated/mg RNA/min.

ignificant differences getween diet treatments at a

TANDARD ERRORS OF TISSUE NUCLEIC ACIDS AND 14C-LYSINE

INCORPORATION RATES FOR EXPERIMENT II.

 

Item 3 we

Muscle RNAC 2.46

Muscle DNAc 0.84

Liver RNAC 13.05

Liver DNAc 3.34

Lysine muscled 1.04

Lysine liverd 2.81

Agea Dietb

eks6 10 weekse Low fate High fate

r 0.11f 1.77 r 0.088 2.07 H
-

0.16 2.17 i 0.12

r 0.04f 0.63 r 0.038 0.70 H
-

0.04 0.77 i 0.05

t 0.75 11.79 0.62x 11.53 _ 0.49YH
-

0.36 13.31 H
- +

i 0.14 3.24 H
-

0.14 3.20 H
-

0.17 3.39 H
-

0.09

0.11f 2.13 r 0.238 1.70H
-

H
-

0.22 1.46 i 0.26

i 0.30 3.10 i 0.44 2.67 i 0.23 3.24 i 0.45

 

1!Means for age having

(P < .05).

bMeans for diet having

(P < .05)

Cng/g wet sample

d O I

n moles lySIne Incorp

€19 rare/arnnn

different superscripts are significantly different

different superscripts are significantly different

orated/mg RNA/min.
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are in conflict with those of Pearson and Widdowson (1970) who reported

that muscle DNA concentration increased during growth. The most plausible

explanation for the observation in this study is that since the percent

carcass fat increased during the feeding period, the muscle samples at 10

weeks contained more intramuscular and intermuscular fat than at 3 weeks,

thus lowering DNA concentration. Liver DNA concentrations showed no sig-

nificant change between age groups (table 11); however, DNA tended to

decrease with increasing age. The livers of the older rats probably con-

tained greater lipid concentrations than the younger rats which probably

accounted for the decrease in DNA.

The study of protein synthesis rates in these experiments were modeled

after the procedure of Henshaw _g al. (1971). They indicated that several

conditions must be met or assumed, if measurements of the rate of incor-

pOration of radioactive lysine into protein are to yield vaIid assesSments

of the rate of protein synthesis under different metabolic conditions.

These assumptions include; 1) the lysine content of protein synthesized

in a given tissue must be the same in all animals; 2) the lysine injection

must not alter the rate of protein synthesis during the experimental period;

3) all incorporated radioactivity must remain in the tissue during the

period of measurement; 4) all radioactivity incorporated into protein

must represent lysine; 5) the average specific activity of the intracellu-

lar lysine pool during the time course of the experiment must be known;

6) the specific activity of the precursor pool for protein synthesis must

be the same as the total tissue pool which is measured. Henshaw t l.

(1971) showed that these assumptions were sufficiently met under the fed
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and starved states of nutrition included in their studies. One additional

important assumption which applies to the present study is that the treat-’

ments did not significantly affect the lysine concentration of the tissue

free amino acid pools. Data from Waterlow and Stephen (1966) show that

variation in dietary protein intake did not significantly affect tissue

free lysine content; however, lower protein intake tended to decrease

lysine concentration in liver.

Although not reported herein, determinations of free tissue lysine

content were extremely variable within treatments for muscle samples while

liver free lysine concentrations were similar and decreased slightly with

decreased dietary intake. Consequently, free tissue lysine values used

for the calculations of liver lysine incorporation were the actual means

for each group. A single value for muscle free lysine concentration was

determined and used for all muscle lysine incorporation calculations in

Experiment I, II and III.

Results of lysine incorporation rates in Experiment I (table 9) for

muscle shows that restricting dietary intake significantly increased in-

corporation. In the case of liver lysine incorporation rates, the full

fed group was Significantly lower than restricted groups and the 75% group

had the highest incorporation rates with the 50% group being intermediate.

TheSe reSults were somewhat surprising since Henshaw _£‘_1. (1971) reported

that in all cases except one, muscle and liver tissues from faster growing

animals incorporated larger amounts of lysine per unit of RNA than those

from slower growing animals. A possible explanation for this observation

may be related to the treatments' effect on the polysome action in these
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tissues. Fishman, Wurtman and Munro (1969) reported that there are definite

dirunal variations in rat liver and muscle polysomal profiles apparently

due to eating habits. The polysomes are heaviest about 2 to 3 hr. after the

eating period of greatest feed intake of the rat. Experiment I in this

study markedly affected the eating habits of the rats. The ad libitum fed

rats ate primarily at night, and the rats on restricted intake ate imme-

diately when fed each day at about 7:30 am. Consequently, at the time of

4C-lysine injection, the tissue ribosomes of the restricted rats would

have been most actively synthesizing protein, while those of the ad_libitum

fed group would have been less active. Such variation in ribosomal activity

could account for the differences in lysine incorporation rates observed

in Experiment I. -

Lysine incorporation rates of muscle and liver tissues from the rats

fed the high and low fat diets showed no significant (P > .05) differences

when compared at a constant age (table 10) or when compared by diet (table

11). However, the data in table 11 show that lysine was incorporated at

significantly faster rates in muscle at 10 weeks compared to that at 3

weeks. The corresponding differences in liver incorporation rates were

not significantly different, but they also tended to have greater rates

at 10 weeks. Since the rats were fed the high and low fat diets ad libitum

in Experiment II, the polysomal profiles between treatment groups were

probably more nearly alike than those in Experiment I; however, these

observations do not explain why the 10 week group had higher incorporation

rates than the 3 week group.
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Insulin And Growth Hormone

The serum RIA values of rats from Experiment I are Shown in table 12.

In general, the data do not show any consistent treatment effects. Since

the rats were bled without fasting for a constant time before bleeding,

the data tended to Show large variation within treatments and between

sampling periods. It is interesting to note that insulin was significantly

lower for the ad libitum group than the restricted fed groups except at 6

weeks where the 50% grOup also had low values. However, these results

generally agree with reports from Anderson and Long (1947), Coore and

Randle (1964), Cagleardino and Martin (1966) and Pallotta and Kennedy (1968)

who found that plasma insulin levels depended primarily on the quantity

of glucose intake and the relationship of sampling to ingestion of glucose.

The group effects on the insulin data shown in table 12 may possibly be

explained by the fact that the ad libitum group ate primarily during the

night, the restricted fed groups ate immediately after they were given

feed (approximately 7:30 a m.), and the blood samples were taken between

9:30 to 11:00 a m. Consequently, insulin levels of the ad_libitum fed rats

were lower than those of the restricted fed groups which may reflect the

more recent glucose ingestion among restricted fed rats. Serum insulin of

the 75% group were probably higher because they ingested a greater amount

of glucose than the 50% group. The CH values for the rats of Experiment I

are not significantly different at constant ages except at the 2 week

bleeding when the 50% group was significantly lower than the 75% group.

It is generally believed that in humans, CH levels rise following increases

in insulin (Click and Goldsmith, 1968). This rise in CH has been demonstrated
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TABLE 12. MEANS AND STANDARD ERRORS OF SERUM INSULIN AND GROWTH HORMONE

FOR EXPERIMENT Ia.

 

Percent ad libitum intake

 

Hormone Age 100 75 50 S.E.M.

Insulinb 2 weeks 67.7d 112.56 108.46 9.24

4 weeks 112.3d 173.36 154.76 14.93

6 weeks 98.3d 145.76 87.7d:6 11.87

CRC 2 weeks 47.6d:e 70.7d 27.56 12.62

4 weeks 71.3 44.6 71.5 14.78

6 weeks 55.4 39.9 50.0 12.27

 

aMeans having different superscripts are significantly different (P < .05).

bp Units bovine insulin equivalent/ml; 10 rats/group at each age.

Cng/ml; 10 rats/group at each age.

not to be due to the insulin pa£_an but insulin's effects of lowering

blood glucose (Roth a£_al,, 1963; Luft a£.al,, 1966). These results have

not been confirmed in the rat. Daughaday a£.al. (1968),(3arcia and Cesh-

wind (1968) and Schalch and Reichlin (1968) all failed to observe this

rise in plasma CH following insulin administration to rats. The relation-

ship between insulin and CH in Experiment I does not show any definite

trends other than that the 100% and 50% ad libitum groups displayed in-

creased serum insulin between 2 and 4 weeks, and decreased insulin between

4 and 6 weeks. The 75% group simply showed decreased serum CH with in-

creasing age. Dickerman (1971) reported significant increases in plasma

CH of rats from 23 to 64 days of age, from 64 to 120 days there was no

significant changes, and at 240 days CH levels were significantly reduced

to levels similar to those of 33 to 43 day old rats. The ages of the rats
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in this study at the bleeding dates were approximately 35, 49 and 63 days,

respectively. Thus, according to the observations of Dickerman (1971)

serum CH would have been expected to increase throughout this study.

Dickerman _£__d, (1969) and Trenkle (1970) have reported that starvation

resulted in decrease plasma CH in rats. It appears that the restriction

of feed intake in Experiment I did not cause differences in serum CH

levels.

Results of the high and low fat diet study Show consistent and signi-

ficant differences for insulin and CH levels at both 3 and 10 weeks (table

13). In all cases, insulin levels were significantly (P < .05) higher

among the rats fed the low fat diet than those on the high fat diet. In

addition, CH levels were consistently higher for rats fed high fat than

those fed low fat. Since the low fat group ingested glucose whereas, the

high fat group did not, the differences in insulin were not unexpected.

TABLE 13. MEANS AND STANDARD ERRORS OF SERUM INSULIN AND GROWTH HORMONE

FOR EXPERIMENT Ila.

 

 
 

§__EESE§

Hormone Low fat High fat

Insulinb 51.1 r 13.7d 18.4 a 3.86

CHC 24.6 t 4.5 45.9 a 13.7

10 weeks

Insulinb 116.4 a 10.6d 44.3 1 2.0e

CHc 27.4 r 9.0d 94.0 r 15.56

 

aMeans having different superscripts are significantly different (P < .05).

p Units bovine insulin equivalent/ml; 10 rats/group at each age.

cng/ml; 10 rats/group at each age.



52

Blazquez and Quijada (1968) reported that 150 g rats fed a high fat diet

showed a marked depression in plasma insulin levels which agrees with the

data presented in this study. It is interesting to note that the CH

levels of the low fat fed rats at 3 and 10 weeks are not significantly

different, however, the serum levels of the rats on the high fat diet showed

a two-fold increase between 3 and 10 weeks. This increase in serum

CH is consistent with the age effects reported by Dickerman (1971).

Even though the effects of blood glucose on serum CH have not been

confirmed in rats as they have in humans, they could account for the large

differences observed between the rats fed the high and low fat diets.

Since the high fat fed rats had no source of dietary glucose, they would

be expected to have depressed levels of blood glucose and hence higher

serum CH. Increased levels of CH among these rats would be expected to

stimulate lipolysis (Beaton, 1956; White and Engel, 1959), thus elevating

plasma free fatty acids (Raben and Hollenberg, 1959), increasing the

hepatic lipid content and favoringtflmaproduction of ketone bodies (Engel,

Engel and McPherson, 1957). The net result of these reactions on lipid

metabolism by CH is the promotion of amino acid conservation, protein

sparing effect, and tissue growth (Raben, Matsuzaki and Minton, 1964).

Experiment III

RIA showed that the hypophysectomized rats in this study had no measur-

able Serum CH. The only Significant effect CH treatment had on tissue

nucleic acids was that the rats injected with 50 pg of purified CH/day

had significantly more RNA per gram sample than the 25 pg and control
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group (saline). There were no significant (P > .05) differences in muscle

RNA between the 25 pg and control groups (table 14). Liver RNA concen-

trations showed no response to the CH treatments. Korner (1960, 1964)

has shown conclusively that CH treatment stimulated protein synthesis in

the liver, muscle and other body tissues studied when he treated hypophy-

sectomized rats in a similar manner to that used in this study. Likewise,

the DNA concentrations of corresponding tissues did not Show any response

to the CH injection. Cheek, Powell and Scott (1965) have clearly demon-

strated that when hypophysectomy was performed at weaning, it prevented

DNA from increasing in muscle which occurred during growth of normal rats.

Beach and Kostyo (1968) pointed out that CH treatment of hypophysectomized

rats increased muscle DNA concentration, content, and individual muscle

weight. Table 14 also shows that the CH treatments did not significantly

affect lysine incorporation rates per mg RNA in either muscle or liver.

Korner (1960, 1964, 1967) has clearly demonstrated that CH treatments of

hypophysectomized rats increased protein synthesis rates and incorporation

of labeled amino acid precursors into muscle, liver and other tissues.

The 50 pg group tended to have higher serum insulin levels than the

other groups (table 15). The insulin levels in this experiment were lower

than those in Experiments I and II. This is in agreement with Randle and

Young (1956) who reported hypophysectomy decreased plasma insulin; however,

they also reported that CH administration restored insulin levels to normal.

Since the data observed in this study are generally inconclusive as to the

purified porcine CH effects on protein metabolism and insulin, a valid

conclusion might be that the purified porcine CH was not highly effective
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TABLE 14. MEANS AND STANDARD ERRORS OF TISSUE NUCLEIC ACIDS AND 4C-LYSINE

INCORPORATION RATES FOR EXPERIMENT IIIa.

 

Growth hormone treatment

 

Item 0d 25 pgd 50 pgd S.E.M.

Muscle RNAb 0.82d 0.95d 1.236 0.07

Muscle DNAb 0.62 0.55 0.65 0.04

Liver RNAb 8.18 8.89 8.52 0.39

Liver DNAb 1.77 1.58 . 1.58 0.07

Lysine muscleC 0.82 0.82 0.74 0.10

Lysine liverC 1.79 2.22 2.02 0.18

 

aMeans having different superscripts are significantly different (P < .05).

mg/g wet wt.

Cng lysine incorporated/mg RNA/min.

d8 rats/group.

TABLE 15. MEANS AND STANDARD ERRORS OF SERUM INSULIN FOR EXPERIMENT IIIa.

 

Growth hormone treatment

Hormone 0 25 pg 50 pg S.E.M.

Insulinb 16.46 16.36 21.0d 1.53

 

aMeans having different superscripts are significantly different (P < .05).

p Units bovine insulin equivalent/m1; 8 rats/group.

due some lack of biological potency resulting either from purification,

or the treatment levels were inadequate relative to the specific activity,

or the treatment period length was inadequate to demonstrate any signifi-

cant effects.



SUMMARY

Ninety-four rats were included in three experiments designed to study

the effects of l) limiting dietary energy intake, 2) fat or carbohydrate

sources as dietary energy, and 3) hypophysectomy and CH treatment on

growth and carcass traits, protein metabolism and serum insulin and CH.

In Experiment I, thirty weanling male rats were randomly divided into 3

groups and fed either ad libitum, 75% ad libitum, .or 50% ad libitum. The

rats were bled every 2 weeks for insulin and CH assay. After 6 weeks, 2

rats from each group were injected with 14C-lysine, sacrificed and muscle

and liver samples were taken. Three rats from each group were used to

determine liver and muscle RNA and DNA concentrations, and 5 rats from

each group were used for carcass analysis.

In Experiment 11, thirty weanling male Osborne-Mendel rats were

randomly divided into 2 groups and fed either a high fat or high carbohy-

drate diet. After 3 weeks, 6 rats from each group were injected with 14C-

lysine and sacrificed, and muscle and liver samples were taken for RNA,

DNA analysis and lysine incorporation rate into proteins. Five additional

rats from each group were sacrificed for carcass analysis. After 10 weeks,

6 additional rats from each group were injected with 14C-lysine and tissue

samples were taken as described in Experiment I. The remaining rats, 3

from each group were sacrificed for carcass analysis.

In Experiment III, twenty-four hypophysectomized female rats were

plateaued for 12 days, randomly assigned into 3 groups, and injected with

either 50 pg or 25 pg of purified porcine CH, or isotonic saline for 4 days.

On the 5th day all rats were injected with 14C-lysine and sacrificed.
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Livers and muscle samples were taken for analysis of RNA, DNA and lysine

incorporation into protein. When the rats were sacrificed, blood samples

were collected for analysis of serum insulin and CH.

Restricting feed intake (Experiment I) depressed daily gains, final

weight, carcass weight, and percent carcass fat and increased percent

carcass protein and moisture. The treatments significantly decreased

muscle RNA and DNA, liver RNA and also tended to decrease liver DNA.

Lysine incorporation into muscle proteins on a per milligram RNA/minute

basis was significantly stimulated, and liver incorporation rates also

tended to be stimulated by restricting feed intake. There was no consis-

tent trends in serum insulin and CH even though insulin tended to be

lowest for the 100% group, highest for the 75% group and intermediate for

the 50% group. One possible explanation for these results could be the

feeding habits of the rats in this experiment. The ad libitum fed group

ate generally at night, while the restricted fed groups ate irmnediately

after receiving feed at about 7:30 a m. each day. Consequently, the

serum levels of insulin (blood obtained at 9:30 to 11:00 a.m. at each

bleeding period) in the restricted fed groups tended to be higher due to

more recent glucose ingestion. Also, the muscle and liver polysomes of

the restricted fed groups may have been more active due to these same

eating habits, and could account for the increased incorporation rates

of 14C-lysine among the restricted fed rats.

The rats on the high fat diet (Experiment II) consistently gained

faster, had heavier carcasses, higher percent carcass fat, lower percent

carcass protein and moisture, lower serum insulin and higher CH levels.
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There were no significant differences in either muscle or liver RNA, DNA,

and lysine incorporation rates into proteins between treatments.

CH administration (Experiment III) significantly increased muscle

RNA and tended to increase serum insulin. (Muscle DNA, liver RNA and DNA

and muscle and liver lysine incorporation rates were not significantly

different between treatments. A plausible explanation for the general

lack of response on protein and nucleic acid metabolism is that either the

biological potency of the purified porcine CH was low, or dose levels were

too low, or length of the treatment period was too short.
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Reagents used in radioimmunoassay

Reagents for Insulin RIA

l.

2.

0.01 M phosphate buffer - 1% bovine serum albumin (1A1)

NaH2P04°2 H20 12.4 g

or NaH PO 'H 0 11.0 g
2 4 2

Thimersol 0.5 g

BSA 29.2 ml

Deionized H20 2970.8 ml

Mix ever magnetic stirrer, adjust pH to 7.4, stored at 4 C.

0.05 M sodium phosphate buffer, pH 7.4

Solution A

NaH2P04°H20 27.8 g

Thimersol 0.1 g

Dilute to 1000 ml with distilled water.

Solution B

NaH P04-7 H20 55.65 g

Thimersol 0.10 g

Dilute to 1000 ml with distilled water.

Mix 19.0 ml solution A and 81.0 ml solution B, dilute to

200 ml with distilled water.

Adjust pH to 7.4 with NaOH, if necessary.

Store at 4 C.

3. 0.01 M phosphate buffered saline, pH 7.0 (PBS) NaCl 143 g

Dibasic phosphate 260 ml

Merthiolate 1.75 g

Dissolve in distilled water and transfer to a large container.

Dilute to 17.5 liters with distilled water.

Adjust pH to 7.0, if necessary, store at 4 C.

4. 0.05 M EDTA-PBS, pH 7.0

Disodium ethylenediamine-tetraacetate (EDTA) 18.612 g

Add approximately 950 ml PBS.

Adjust pH to 7.0 with 5 NaOH while stirring.

Dilute to 1 liter, store at 4 C.

5. PBS-1% bovine serum albumin (PBS-1% BSA)

Add 990 ml PBS to beaker.

Add 10 g BSA (Fraction V 35% sterile Solution, Nutritional

Biochemicals Corp., Cleveland, Ohio).

Mix ever magnetic mixer.

Store at 4 C.
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6. 1:400 guinea pig control serum (GPCS)

Obtain blood from guinea pig that has not been used to

develop antibodies.

Allow blood to clot, recover serum and store the serum in

convenient quantities at -20 C.

Add 2.5 m1 of appropriate serum to a 1 liter volumetric

flask, dilute to 1 liter with 0.05 M PBS-EDTA, pH 7.0.

Divide into 100 m1 portions and store at -20 C.

7. 0.05 M barbital buffer pH 8.6

Solution A

Sodium barbital (veronal) 10.30 g

Dilute to 1000 ml with distilled water.

Solution B

HCl 1.0 m1

Dilute to 720 ml with distilled water.

Mix 50.0 ml solution A with 6.0 ml solution B and dilute

to 200 ml with distilled water.

Adjust pH to 8.6 while stirring.

Store at 4 C.



72

Appendix I.

B. Reagents for CH RIA

1. 0.025 M EDTA-PBS pH 7.6

Disodium ethylenediamine-tetraacetate (EDTA) 9.306 g

Add approx. 950 m1 PBS

Adjust pH to 7.6 with NaOH while stirring.

Dilute to 1 liter and store at 4 C.

2. 1% BSA ' EDTA - BSA

Dilute 28.6 ml 35% BSA in 1 liter 0.025 M EDTA-PBS.

Adjust pH to 7.6.

Store at 4 C.

3. Monkey control serum

Obtain serum from monkey that has not been used to develop

antibodies.

Add 1 ml to 500 m1 volumetric flask, dilute to 500 ml with

0.025 M EDTA-PBS, pH 7.6.

Store at -20 C in small quantities.

4. Rat GH standards

Rat GH diluted to 0.1, 0.2, 0.5, 1.0, 1.5, 3.0, 5.0 and 10.0 ng/

100 ul with 1% BSA - PBS (Appendix I.A.S) adjusted to pH 7.6.
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Appendix I.

C. Reagents for radioiodination of GH

1. Chloramine-T, 3.5 ug/ul

Store Chloramine-T in tightly sealed vials covered with

foil at ~20 C.

Dilute 35 mg Chloramine-T to 10 ml with 0.05 M phosphate

buffer (Appendix I.A.2.).

Use within 30 min. of preparation.

Discard all unused Chloramine-T.

2. Sodium metabisulfate, 2.5 ug/ul.

Dilute 25 mg Na28205 to 10 ml with 0.05 M phosphate buffer.

Use within 30 min. of preparation.

3. Transfer solution

Sucrose

KI

Dilute to 10 ml with distilled water.

O
H

.
0

H
0
‘

0
0
0
0

4. Rinse solution

Sucrose

KI

Bromphenol blue

Dilute to 10 ml with distilled water.
C
O
O

0
H
0
)

H
0
0
0
0
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A. Experiment I - Column Identification

o
m
-
D
L
J
N
H

o

10.

ll.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. Rat identification.

Treatment; 1. §d_libitum, 2. 75% gd_libitum, 3. 50% ad libitum.

Beginning weight in grams.

Final weight in grams.

. Feed consumed in grams.

Muscle lysine incorporation rate, nanomoles/mg RNA/min.

(one decimal place).

. Liver lysine incorporation rate, nanomoles/mg RNA/min. (one

decimal place).

Insulin at 2 weeks, n Units bovine insulin equivalent/m1.

(one decimal place).

Insulin at 4 weeks, n Units bovine insulin equivalent/m1.

(one decimal place).

Insulin at 6 weeks, u Units bovine insulin equivalent/ml.

(one decimal place).

GH at 2 weeks, ng/ml (one decimal place).

GH at 4 weeks, ng/ml (one decimal place).

GH at 6 weeks, ng/ml (one decimal place).

Muscle RNA in mg/gram wet sample (one decimal place).

Liver RNA in mg/gram wet sample (one decimal place).

Musc1e DNA in mg/gram wet sample (one decimal place).

Liver DNA in mg/gram wet sample (one decimal place).

Carcass weight in grams (one decimal place).

Percent carcass water (two decimal places).

Percent carcass protein (two decimal places).

Percent carcass fat (two decimal places).’
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B. Experiment II - Column Identification

m
V
O
‘
U
'
l
-
L
‘
U
J
N
H

O

11.

12.

l3.

14.

15.

Rat identification.

. Age in weeks.

Diet treatment; 1. low fat, 2. high fat.

Muscle RNA in mg/gram wet sample (two decimal places).

Liver RNA in mg/gram wet sample (two decimal places).

. Muscle DNA in mg/gram wet sample (two decimal places).

Liver DNA in mg/gram wet sample (two decimal places).

Insulin, u Units bovine insulin equivalent/ml (one decimal

place).

GH, ng/ml (one decimal place).

Muscle lysine incorporation rate, n moles/mg RNA/ml (two

decimal places).

Liver lysine incorporation rate, n moles/mg RNA/ml (two

decimal places).

Carcass wt. (two decimal places).

Percent carcass moisture (two decimal places).

Percent carcass protein (two decimal places).

Percent carcass fat (two decimal places).
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Appendix II.
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C. Experiment III - Column Identification

m
N
o
U
I
-
w
a
r
-
a

O
O

\
O

H O O

. Rat identification.

GH treatment, ug GH/day.

Time from 14C injection to death in minutes.

. Musc1e RNA in mg/gram wet sample (two decimal places).

Liver RNA in mg/gram wet sample (two decimal places).

Muscle DNA in mg/gram wet sample (two decimal places).

. Liver DNA in mg/gram wet sample (two decimal places).

Muscle lysine incorporation rate, n moles/mg RNA/min. (one

decimal place).

. Liver lysine incorporation rate, n moles/mg RNA/min. (one

decimal place). .

Insulin, u Units bovine insulin equivalent/ml (one decimal

place).
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Appendix II C._ Data from Experiment III ~Hypophyaectamized

7' ' Rat Study.' ' ‘
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