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Male Fischer rats (n=43) were used in a diet-diet/

exercise design to investigate the apparent protein sparing

effects of exercise. The animals were divided into five

groups: INITIAL (baseline), SEDENTARY (control), DIET,

DIET/EXERCISE, and EXERCISE. Carcasses were analyzed for

body composition, the blood for plasma alanine concentra-

tion and the urine for urea nitrogen concentration. The

results showed no significant differences between groups

in urinary urea nitrogen, plasma alanine, body weight, or

carcass weights. The EXERCISE group had a significant

increase in percent protein and a significant decrease in

percent fat and grams of fat when compared to all other groups

(p <.05).
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CHAPTER I

INTRODUCTION

Obesity is a common disorder existing in the United

States today. It has been estimated that between 40 and

80 million Americans can be classified as obese (1). In

addition, obesity is a risk factor for coronary heart dis-

ease, diabetes mellitus, and hypertension; therefore, dieting

has become not only fashionable, but a useful tool in the

reduction of risk for disease. In order to safely and wisely

assist individuals in losing excess fat, a thorough under-

standing of the weight loss phenomena and the body's response

to various dietary regimens is essential.

When an individual imposes a negative calorie balance

which results in a loss in body weight, the adaptations

that occur are evident from the analysis of body composition,

that is, how the components of lean body weight and fat

weight have changed with respect to the reduction in total

body weight. Thus, while most diets, if low enough in

caloric content, tend to reduce body weight, it is the compo-

sition of the weight loss that is of primary importance. In

the mid-1950's and early 1960's with the advent of hydro-

static methods of determining body composition, weight loss

was further refined from simply pounds of weight lost to the
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composition that resulted from this weight loss and the

respective percentages of fat and lean weight that were lost.

In studies by Young, et al. (2), Keys, et al. (3), and Brozek,

et al. (4), it was shown that the lean body mass component

could account for as much as 20% - 45% of the total weight

lost, resulting from a diet regimen of varying caloric depri-

vation. This loss of lean body mass can be related to the

body's absolute requirement to maintain the blood glucose

levels within specific limits. The brain, by virtue of its

requirement for blood glucose as a primary energy substrate,

is largely responsible for this need to maintain blood glu-

cose levels. With caloric reduction, the amount of exogenous

glucose is reduced. Thus, the process of gluconeogenesis is

necessary to offset this reduction. The three major sub-

strates for gluconeogenesis are amino acids, glycerol, and

lactate; however, it is the catabolism of amino acids from

the body protein stores (muscle) that results in the reported

reduction in lean body mass.

The liver has been shown to be involved in the degrada-

tion and deamination of amino acids for gluconeogenesis. In

addition, muscle has been shown to be involved in the degra-

dation of the branched chain amino acids, leucine, isoleucine

and valine. The work of Marliss, et al. (5), Felig, et al.

(6) and Isikawa, et al. (7) has shown that muscle tissue

releases considerable amounts of alanine during fasting.

More recent research has implicated these amino acids in
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an extension of the glucose/alanine cycle; the branched chain

amino acid alanine cycle (8,9). In this scheme, during fast-

ing, leucine is degraded to carbon dioxide supplying energy

to the working muscle, while also providing ammonia for the

formation of alanine. The deamination of isoleucine and

valine not only provides amino acid for alanine formation,

but also carbon skeletons for the net production of glucose.

The pyruvate necessary for the formation of alanine in this

scheme is derived primarily for the degradation of exogenous

glucose. Thus, this cycle not only allows for the removal

of ammonia from the muscle, but also the transport of carbon

skeletons from glucose and amino acid degradation to the

liver for the synthesis of glucose. (Figure 1) The sig-

nificance of the process and the hypothesized cycle specifi-

cally is that glucose is synthesized from original, non-

carbohydrate sources, thus resulting in a net production

of glucose. During fasting, there is enhanced oxidation of

branched chain amino acids and a concomitant increase in the

levels of plasma alanine. Thus, it is possible to relate

the brain's requirement for blood glucose with the degrada-

tion of muscle protein in conditions of negative caloric

balance. In addition, significant increases of alanine in

the blood can serve as a marker for increased protein degrada-

tion of skeletal muscle.

In 1964, Rath and co-workers (10) studied the effects

of diet and diet and exercise on weight reduction and body
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Figure 1. Branched chain amino acid - alanine cycle. Rela-
tionship between the degradation of branched-chain amino acids
and the glucose-alanine cycle.
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composition changes in overweight women. Specifically, two

groups of women had their calories reduced to 1200 (Kcal) per

day through diet alone, or a combination of diet and exercise.

At the end of the study, both groups had lost weight, however,

there was no significant difference between these losses.

The important finding of this study was made when the resul-

tant compositions were assessed. The diet/exercise group was

found to have a greater density, therefore less fat. When

the results were used to analyze the composition of the weight

loss, the diet group was found to have lost a significant

amount of their weight as lean mass (muscle), where the diet/

exercise group lost none of its weight as lean mass. From

the results of this study, the authors concluded that a com-

bination of diet and exercise was superior to diet alone in

reducing weight and maintaining muscle mass. The same year,

Jones, et al. (11) studied the effects of diet and exercise

on weight reduction and body composition in male rats. This

study involved fifteen weeks of swimming resulting in a

weight loss of 60 g. A sedentary control group's food intake

was reduced such that the weight loss of the two groups was

similar. At the end of the fifteen weeks of diet and exer-

cise, the analysis of body composition revealed that the

exercise group had a lower fat content than the diet group or

the free eating control group. When compared to the sedentary

control group, the exercised animals showed no loss in protein

while the diet group had lost significant amounts relative to
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the control and exercise group. In 1969, two additional rat

models were examined. (12,13) Both studies involved tread-

mill running for exercise, a matched diet restricted group,

and a free eating sedentary control. At the end of the eigh-

teen week protocol, similar to Jones' work, the exercise

group had lost significantly more of its weight as fat when

compared to the diet group. In comparison, the diet group

had lost over twice the amount of protein (11%). In these

studies, the exercise did not completely conserve muscle mass.

This result was partially attributed to the growth of the free

eating sedentary control group. Another reason for this loss

of protein relative to the work of Jones, et al., may be due

to the relative weight losses. The weight loss in the diet

and exercise group of Crews and Oscai (12,13) were two and

three times greater respectivley than the diet and exercise

groups of Jones. Therefore, it is quite possible that the

rate and degree of weight loss outpaced the rats' ability to

compensate for the increased protein degradation, which appar-

ently occurred in the exercise group in Jones' study. This

explanation seem plausible, even though the protein component

of the exercise groups of Crews and Oscai was significantly

lower than the controls. However, the loss of protein was

significantly less than that of the diet group. Thus, the

exercise group conserved to some degree but not completely

body protein. In the early 1970's, aerobic training pro-

grams in men which involved mild caloric deficits resulted
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in different responses regarding body composition alterations

than those observed with caloric deficits due only to dietary

restriction (14,19). In several studies, Pollock (14,18) was

able to demonstrate a reduction in body weight from 1% - 2%

kg in 20 weeks, while significantly increasing the aerobic

capacity of the subject. Though this weight loss was modest,

the percent body fat was reduced significantly with no loss

of lean body mass. The exercise treatment, therefore, appeared

to be involved in the conservation of lean body mass while

optimizing fat loss. In 1976, a similar study to that of

Rath, et al. (20) was conducted. In this particular study,

the caloric deficit was 500 calories per day and the groups

investigated included a diet group, exercise group, a diet/

exercise group, and a control. The diet group had 500 cal-

ories reduced through dietary restrictions; the exercise

group through 500 calories of low intensity exercise; and

the diet/exercise group with 250 calories reduced through

dietary restriction and 250 calories through low intensity

exercise. The study lasted 16 weeks and at its conclusion,

all groups had lost substantial amounts of weight which were

not significantly different from each other, however, the

compositional changes were dramatically different between

several of the groups. The diet/exercise and the exercise

groups both lost similar amounts of fat and gained insignifi-

cant amounts of body mass. The diet group, however, lost sig-

nificantly less fat and more muscle mass than the other groups.
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Specifically, 20% of their weight loss could be accounted for

as lean tissue. Thus, the exercise and diet/exercise groups

were able to maintain lean body mass at the same rate of loss

as that of the diet group.

DEVELOPMENT OF THE PROBLEM

Oscai (21) has suggested that the protein sparing effect

of exercise was due to increased mobilization and utiliza-

tion of free fatty acids as a result of the adaptation to

training and particularly the increased concentration of free

fatty acids remaining in the blood after exercise. This line

of reasoning assumes that protein sparing is simply an "ener-

gy problem." Invoking the concentrations of free fatty acids

as the answer fails to address the loss of protein. If spar-

ing was simply a matter of insufficient energy, then why not

fat mobilized exclusively? The real question, why protein

was being degraded, was not addressed and is a key issue in

developing a mechanism of protein sparing. The fact that

protein was lost in significant amounts in response to a

negative calorie balance produced by diet suggests that energy

alone is not sufficient, but that energy in the form of a

specific substrate is necessary. Fat can supply energy; how-

ever, the body needs energy specifically as the substrate

glucose in order to function under normal conditions. Numer-

ous studies on starvation (22,23,24,25) have demonstrated that

the body's specific needs for glucose as a substrate for
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energy can result in significant losses of protein; and only

when the glucose requirement is diminished (via ketone utili-

zation) is the rate of protein degradation reduced. Simply,

energy from the oxidation of free fatty acids is insufficient

to spare protein. Oscai has also suggested that based on the

work of Glick (26) and Hamosch (27), exercise may be conserv-

ing protein and increasing protein synthesis directly in the

muscle and indirectly by stimulating increased human growth

hormone secretion. These studies cited implicating increased

protein synthesis were not done under conditions of negative

caloric balance. Extrapolating these findings to negative

caloric balance situations may not be valid.

Rat studies examining body composition changes have been

ineffective in their design andtin theirnapplication to the

well documented human response to diet and exercise. First,

the animals were growing and not in a steady state adult phase.

Second, the exercise regimen continued to increase in inten-

sity and duration therefore changing the caloric deficit which

resulted. Human studies, however, held caloric deficits

through diet and exercise at one level and examined the chan-

ges thus eliminating the complications introduced by con-

stantly changing variables such as growth rate, rate of calo-

ric deficit, and an ever changing caloric ratio of diet to

exercise. The human studies, however, failed to address the

reason for protein degradation, i.e., decreased exogeneous

carbohydrate, and therefore made no attempt to equalize the
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carbohydrate decreases in the diets of the diet and the

exercise groups. In order to determine whether or not the

protein sparing effects were related to the diet and/or the

exercise, the design would necessitate that the potential

stimulus for decreased muscle mass be equal. There was also

a failure in the diet/exercise and exercise groups to docu-

ment any change that may have occurred from the training.

Interpretation of the results would be strongly influenced

by the degree of adaptation that may have occurred, Lastly,

there was no attempt to quantify the relative intensity and

therefore fuels used during the workouts. Periodic quantifi-

cation, particularly at workout intensity would have not only

given this information, but also could have shown over what

time frame and to what degree the individuals adapted. This

information related to the other time course changes would

have given more insight into the sparing phenomena.

STATEMENT OF THE PROBLEM

In conditions of negative caloric balance, exercise in

combination with dietary restriction results in protein

sparing whereas dietary restriction alone results in protein

loss. The problem was to determine whether this apparent

sparingn" is the result of increased protein synthesis,

decreased degradation, or a combination of the two,
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SIGNIFICANCE OF THE PROBLEM

With a significant percentage of the population over-

weight, and the high correlation this condition has with

disease, weight loss will be an ever increasing necessity in

preventative health. Recommendations regarding the safest,

most effective means of weight loss require a thorough under-

standing of the role of exercise as it relates to the main-

tainance of lean body mass.

DESIGN

A rat model to study weight reduction has been developed

using the Fischer 344 strain of rat because of its growth

characteristics. These characteristics mimic a normal adult

human in that their body weights tend to plateau at maturity.

Due to the limitations in compositional analysis (the require-

ment that the animals be killed), two control groups were

required. The INITIAL group (control/pre-exercise) served

as a representative sample of the rat population prior to

the exercise treatment. The SEDENTARY group (post-exercise

control) served as a non-varying steady state control group

throughout the exercise period. The remaining animals were

divided into three groups, DIET, DIET/EXERCISE, and EXERCISE.

All three were placed in an equal constant negative caloric

balance of 6 calories per day 5 days per week for 13 weeks,

which was designed to create a theoretical weight loss of
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50 grams (13.2%). To isolate the effectiveness of the exer-

cise, the DIET/EXERCISE group had the same deficit in carbo-

hydrate as did the DIET group, thereby equalizing the poten-

tial stimulus for protein degradation. To document the exer-

cise effect on the animals and to determine if any training

effect had occurred, a pre/post run to exhaustion was per-

formed.

To analyze the change in composition, carcass analyses

for percent water, fat, protein and ash were performed. To

determine if any significant changes in the normal protein

turn-over rate had occurred, plasma alanine concentrations

and urinary urea nitrogens were measured.



CHAPTER II

METHODS AND MATERIALS

Introduction

In this chapter the methodology utilized in the present

study will be covered in detail. The following sections

will cover: Animal Care; Training Regimen; Tissue Prepara-

tion; Blood and Urine Assays; and Statistical Analysis.

Animal Care

Male Fischer 344 rats obtained from Gibco Laboratories

were used for all experimental work. Animals were eight

weeks old upon arrival, and housed in group cages in a well

ventilated, temperature controlled room (i = 72 1* F), with

the night cycle regulated to provide 12 hours of light and

dark each day (lights on at 1800 hours). At 10 months of

age, the animals were separated into individual cages. Food

(Purina Lab Chow) and water were provided ad. libitum until

body weight plateaued. This plateau occurred at 16 months

of age (X = 380 15 grams). At this time, food intake was

measured and the amount of food required to maintain body

weight determined.

At 16 months of age, the animals were randomly divided

into 5 groups of 10 each: INITIAL, SEDENTARY, DIET,

14
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DIET/EXERCISE, and EXERCISE. The animals in the DIET/EXER-

CISE and EXERCISE groups were taught to run on a motor-

driven treadmill (Quinton Model 4215). Five trials on five

consecutive days was sufficient. Following this learning

phase, the animals were run for 3 minutes per day 2 days

per week until they reached 20 months of age (See Training

Regimen for exercise specifics). This protocol was suffi-

cient to maintain their familiarization with the treadmill

until the exercise program began.

Two weeks prior to the initiation of the exercise phase

of the study (age 19.5 months), the rats were placed on the

Purina Test Diet, No. 5755 (basal diet). Relative to the

Lab Chow, it contained the same number of kilocalories per

gram (4.17 Kcal/gram). Both diets were composed of 58.2%

carbohydrate, 20.2% protein and 21.6% lipid. The basal diet

was obtained in powered form with the carbohydrate compo-

nents, dextran (43.2%) and sucrose (15%) separate from the

lipid and protein components. This macro-nutrient separation

permitted the equalization of the decrease in carbohydrate

between the DIET and the DIET/EXECISE groups. (Table I)

During the exercise phase, the DIET, EXERCISE, and DIET/

EXERCISE groups were all placed in negative caloric balance

by 6 Kilocalories per day, 5 days per week. The SEDENTARY

group continued through the exercise phase at the predeter-

mined maintenance calorie intake. The INITIAL group was
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TABLE I

5575 BASAL DIET

Percent Total

Casein - vitamin-free

Sucrose . . ...

Non-nutritive fiber
(Solka-floc)

. . . 21.00

. . . 15.00

. . . 3.00

Corn oil . 5.00

Lard . . . .

Dextrin . . . .

DL-methionine . .

RP Vitamin Mixture

Choline chloride .

RP mineral mixture #11

. 5.00

43.65

0.15

. 2.00

. . . 0.20

. . . 5.00

Total 100.00

Ingredient
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killed the week prior to the exercise phase and analyzed for

body composition and alanine concentration. This group

served as the baseline control.

The calorie deficit was calculated to reduce the total

body weight by 51 grams over the 13-week period, with a

potential protein loss of up to 10 grams assuming a loss

of 20% lean body mass. This deficit in the diet was pro-

portionally 58% carbohydrate per g of basal diet (.84 grams).

In order to balance the grams of carbohydrate and deficit

between the DIET and DIET/EXERCISE groups, one-half of the

calories reduced, 3 calories, was reduced as carbohydrate in

the DIET/EXERCISE group (.72g) and an equal amount was also

reduced from the DIET group's calorie restriction. The

remaining dietary caloric deprivation came from the protein

and fat portions of the diet. Had this dietary manipulation

not been done, the DIET/EXERCISE group would have had approx-

imately one-half the decrease in dietary carbohydrate than

did the DIET group, thus resulting in an unequal stimulus

for potential protein degradation. On the weekends, when

the two exercise groups were inactive, all groups ate

their required amounts of food from the normal basal diet.

Throughout the 13 weeks, any food not eaten was measured

and reported. Each day feeding began the last hour of the

dark cycle (1700 hours) and usually lasted one hour into the

light cycle (1800 hours). Body weights were measured weekly

throughout the 13 weeks of the exercise phase.
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On the sixth day of the thirteenth week of the exercise

period, all animals were killed between 0900 and 1600 hours.

This occurred 14 hours after the last feeding and 36 hours

after the final maximal run. The kill procedure, carcass

preparation, and sample collection are described elsewhere.

Training Regimen

At 16 months of age, the exercising began with a 5-day

learning period on the motor-driven treadmill. The animals

were never placed on the treadmill without-it running and

the electrified grid activated. Over the 5-day period, the

duration on the mill increased from 5 minutes to 15 minutes

and the speed from 0.2 mph to 0.4 mph--elevation was not

used. For the next 4 months, an exercise duration of 3

minutes per day 2 days per week at 0.4 mph was sufficient to

maintain the rats' familiarization with the treadmill.

During the first and last week of the experimental

phase, a maximal run to exhaustion was performed. The speed

of the test was 0.4 mph and began with no elevation during

the first five minutes. Every two minutes thereafter, the

grade (elevation) increased one-half percent to a maximum

of 10%. (Figure 2) The animals were taken off the mill

when they refused to return to the belt from the electrified

grid.

The actual daily exercise was run at .375 mph. The

equation determining energy cost in ml of oxygen per meter
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Figure 2. Represents the run to exhaustion protocol.
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run formulated by Taylor, et al. (28) and verified via actual

metabolic data by Dill, et al. (29), was used to calculate

caloric expenditure. Running at this speed for a duration

of 30 minutes was equivalent to 3 calories (Kcal).

The DIET/EXERCISE group ran at this speed once per day for

30 minutes, while the EXERCISE group ran at the same speed

and duration twice per day.

Exercise began 3 hours into the dark cycle (0900 hours).

Animals were run at this time in order to mimic their normal

nocturnal activity patterns. The EXERCISE group which exer-

cised twice daily performed its second 30-minute run 9 hours

into the dark cycle (1500 hours).

Body Composition

The assessment of rodent body composition has become a

useful tool for many investigators. This technique has been

employed to determine various aspects of the disease process

(11) as well as the effects of nutritional (12) and exercise

regimens (30) on rodent body composition.

Since the original work of Mickelsen and Anderson in

1959 (31), the procedure has changed very little. While the

fundamental technique is accurate and reproducible, the com-

plex procedures involved in the determination of the two

major components of body composition (protein and fat)

heavily tax the time, expertise and resources of the investi-

gators and may not be justified in terms of its relative con-

tribution to a particular research problem.
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It is the purpose of this report to describe modifi-

cations of the original Mickelsen and Anderson technique (31)

for obtaining rodent body composition. The modifications

achieve reductions in the time, resources, and technical

intricacy involved. These alterations are achieved without

sacrificing the accuracy and precision of the data, or the

total recovery (99.97%).

Homogenate preparation.--Rats were killed by decapita-

tion, shaved and the abdominal cavity was opened and the

contents of the gastrointestinal tract cleared. The car-

cass was then weighed, autoclaved for 30 minutes at 1200

and 25 psi, and homogenized with a premeasured volume of

water slightly less than the carcass weight for at least 3

minutes or until a homogeneous mixture was obtained. The

homogenate was quantitatively transferred to a 600 ml beaker,

weighed and stored refrigerated (4C) for several days, or

frozen (-20*C) for longer periods of time.

Water determtination.--Determination of the percent water

in the carcass was achieved by drying a pre-weighed sample

of homogenate to a constant weight. In this procedure, 5

ml aliquots of the homogenate were poured into 15 ml test

tubes and weighed. The tubes were then placed in a methanol/

dry ice bath, and intermittently vortexed until the homoge-

nate was frozen and had coated the sides of the tubes. The

tubes were then covered with filter paper and placed in a
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1200 ml lyophilizing container. Samples were lyophilized

overnight (12 hours) and the resultant weight loss deter-

mined.

The percent water of the aliquot was determined by

expressing the resultant weight loss as a percentage of the

original sample weight. This percent was then corrected for

the dilution of the sample during homogenization and trans-

fers, and the percent water of the carcass was estimated by

extrapolation.

Lipid analysis.--Lipid analysis of the carcass utilized

the delipidation methods of Cham and Knowles (32). In this

procedure, the solvent was a 60/40 (v/v) ratio of di-isopro-

ply ether and n-butanol. The analysis was carried out in

15 ml screw-top test tubes to which was added .25 g of lyo-

philized homogenate and 12 ml of the delipidation solvent.

The sample and solvent were then mixed by inversion for 30

minutes at 30 revolutions per minute, and subsequently cen-

trifuged at 1500 x g for 10 minutes at room temperature.

Following centrifugation, the solvent was removed by aspira-

tion and the resulting sample washed 3 times in 5 ml of

di-isopropyl ether. Each washing was followed by 5 minutes

of centrifugation (1500 x g). The sample was dried in an

oven overnight at 600 C or at 700 C for 3-5 hours.

The percent fat of the sample was determined by express-

ing the weight loss due to delipidation as a percentage
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of the dry sample weight; this percentage was then corrected

to reflect that of the entire carcass.

Ash determination.--The determination of the percent

ash of the carcass was performed by combusting 1 g samples

of lyophilized homogenate in 15 ml preweighed crucibles at

600*C for 20 hours. The remaining weight (ash) was expressed

as a percentage of the dry sample, and then corrected to

reflect the percentage of the entire carcass.

Protein determination.--The percent protein of the

carcass was determined utilizing the ashing procedure out-

lined above. Since the dried homogenate consists of pro-

tein, fat and ash, it follows that during the ashing proce-

dure, that which is burned off (weight loss) is protein and

fat. Therefore, if one knows the percent fat of the sample,

or uses a delipidated sample, then the percent protein lost

during the ashing procedure can be measured and calculated.

Thus, unlike the ashing calculations, the weight lost, rather

than the weight remaining, was expressed as a percentage of

the original dry sample. Corrections for the percent fat of

the sample were then made and the resulting percent protein

corrected to represent that of the entire carcass.

Results and discussion. --The results of the percent

water analysis are summarized in Table II. In comparison

with the work of Mickelsen (31), in which drying at 70*C was
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TABLE II

COMPARATIVE DATA FOR WATER DETERMINATION

Study N Mean S.D. Coefficient Method
of Variation

Present 6 66.0% 1.4% 2.1% Lyophilizing
Study* test tube sam-

ples for 12-18
hrs depending
on sample size

Forsum &
Hambraeus(30 ) 5 65.5% 1.6% 2.4% Oven drying at

105*C -No time
given

Mickelsen
& Anderson(3 1 ) 4 57.8% 2.1% 3.6% Oven drying at

70*C for 45 hrs

Intra-rat variation was expressed as a x standard deviation
(0.4%) and as a x coefficient of variation (0.6%). These
measures reflect the technical precision rather than the
water compositional differences between the experimental
animals.
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estimated to take 45 hours, the lyophilization of samples

can reduce this time significantly. (12-18 hours was used

depending on sample size.) In a recent paper by Forsum and

Hambreaus (30), the oven drying procedure was carried out

at 105'C. While this temperature would certainly reduce

the time required for complete drying, other authors (33)

have suggested 70*C as a maximal temperature to avoid burn-

ing the sample and losing weight due to vaporization of

"volatile substances." It should also be noted that not

only was the time for the analysis reduced, but the pre-

cision was slightly improved (as expressed as the coefficient

of variation).

The results of the protein analysis are summarized in

Table III. The modifications of this analysis, when com-

pared to the Kjeldahl analysis, biuret analysis or auto-

mated nitrogen analysis (Table III) provide for substantial

reductions in complexity, time and cost. The Kjeldahl

analysis involves digestions, distillations, and titra-

tions, and therefore requires considerable time and exper-

tise. Although the automated nitrogen analysis of Forsum

and Hambreaus (30) significantly simplifies the Kjeldahl

procedure, it involves costly equipment to complete. The

biuret reaction is considerably less complicated, requires

only 30 minutes of incubation, and a colorimeter or spec-

trophotometer. However, our experience has been that the

problem with this particular analysis involves the
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TABLE III

COMPARATIVE DATA FOR PROTEIN DETERMINATION

Study N Mean S.D. Coefficient Method
of Variation

Present 6 20.9% 1.2% 5.6% Percentages
Study* based on ash-

ing data
Forsum &
Hambraeus(30 ) 5 16.7% 0.8% 4.5% Kjeldahl or

automated
Kjeldahl

Mickelsen
& Anderson(31 ) 4 18.0% 0.3% 1.5% Kjeldahl or

automated
Kjeldahl

*

Intra-rat variation was expressed as a x standard deviation
(0.1%) and as a x coefficient of variation (0.4%). These
measures reflect the technical precision rather than the
protein compositional differences between the experimental
animals.
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solubilization of the sample to be analyzed. The solubili-

zation procedures tested utilized base concentrations of

NaOH from .05N to 1.ON; temperatures from 50*C - 100*C and

times from 20 to 60 minutes. The best combination for

the base hydrolysis was found to be 0.lN NaOH, 90*C for

40-60 minutes. While the data was consistent from this

procedure, the resultant percent protein was 5.6% lower than

predicted from Kjeldahl analysis (33). When a BSA sample of

known concentration was analyzed by the same procedure, the

percent recovery was also found to be approximately 5.6%

below the predicted value. There are two possibilities for

this reduced recovery. One is that the hydrolysis necessary

to solubilize the large amounts of collagen and elastin

present in the total body homogenate was too severe and

rendered the peptides unreactive with the biuret reagent.

A second possibility is that the hydrolysis was insufficient,

and many complex proteins remained intact, which sterically

hindered the formation of the colored chelate complex.

While the procedure reported here is an indirect means

of protein determination, the precision and accuracy are

comparable to the Kjeldahl analysis (in terms of total

protein determinations under these circumstances), it is

less costly than the automated procedure and it eliminates

solubilization problems associated with the biuret deter-

mination.



29

The analysis of lipid, utilized in the present investi-

gation, like protein, was less elaborate- and time consuming

than standard techniques (Table IV). The standard chloro-

form:methanol:H2 0 analysis requires an overnight extraction

followed by extraction in a Soxhlet apparatus and overnight

refluxing. Simplification of this method by Atkinson, et

al. (34), eliminates the use of the Soxhlet apparatus and

overnight extraction period and transfers of samples for

weight determinations. The present modification eliminated

the lengthy extractions and transfers of volatile extracts

for both drying and weight determination. Comparison with

a standard ether extraction (Fig. 3), shows that the pre-

cision and accuracy were comparable.

While the comparisons of our results with those result-

ing from standard techniques were favorable, we felt that

it was necessary to directly compare our modifications with

a standard analysis system (Fig. 3). Specifically, were

our modifications of standard protein and fat determinations

as accurate as the Kjeldahl and chloroform:methanol or ether

analysis for protein and fat respectively?

An independent laboratory assessment was carried out

at Virginia Polytechnical Institute (VPI) using a semi-automated

analysis system. Protein was determined using the Kjeldahl

technique, fat by ether extraction, and ash by standard

procedures. The samples used by both VPI and TCOM origi-

nated from the same animal source, thus, accurate comparisons
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TABLE IV

COMPARATIVE DATA FOR FAT DETERMINATION

Study N Mean S.D. Coefficient Method
of Variation

Present
Study*

Forsum &
Hambraeus 30)

Mickelsen
& Anderson(3 1 )

6

5

4

9.9%

13.9%

20.9%

1.0%

1. 7%

2. 4%

10.0%

11. 9%

11. 7%

30' Extraction
with butanol-
di-isopropyl
ether; 3-5 hr
drying at 70*C
or overnight
drying at 60*C

Methanol -choro -
form overnight
extraction;
overnight reflux-
ing with ether
in soxhlet appar-
atus; drying

24 hr ether
extraction; over-
night drying

*-
Intra-rat variation was expressed as a x standard deviation
(0.1%) and as a x coefficient of variation (1.4%). These
measures reflect the technical precision rather than the
fat compositional differences between the experimental
animals.
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Figure 3. This figure represents the results of the inde-
pendent carcass analysis performed at the Virginia Poly-
technical Institute and the Texas College of Osteopathic
Medicine.
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of the methodologies could be determined. In each indepen-

dently performed analysis; protein (ashing vs. Kjeldahl),

fat (ether vs. butanol:di-isopropyl ether extraction), and

ash (similar techniques), the respective mean values and

the standard deviations were not statistically distinguish-

able. The total recovery obtained from both techniques

accounted for 99.99 percent of the total carcass composition.

The success of this comparison serves not only to vali-

date our techniques but also to answer two major points of

potential criticism. First, the agreement in percent pro-

tein measured demonstrates that in this particular applica-

tion, the measurement of total protein lost during ashing

was as accurate and precise as that determined by Kjeldahl

analysis. Second, the agreement in percent fat measured

demonstrated that the new delipidation solvent was suffi-

cient to completely delipidate the lyophilized homogenate

sample in 30 minutes and thereby significantly reduce the

time required by other delipidation solvent systems.

Table V summarizes all the data in the four areas of

body composition assessed for the six rats used in this

study. The accuracy of the combined techniques can be seen

in the mean total recovery. All four analyses accounted

for an average of 99.97% of the total. The standard devia-

tion was 0. 043% resulting in a coefficient of variation of

only 0.04%. This compares favorably with the data from

other studies; Forsum and Hambreaus (30) report 99.3% 0.83%
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TABLE V

TOTAL RECOVERY

RAT % Carcass..
Water

% Carcass
Fat

% Carcass
Protein

% Carcass
Ash

Total
Recovery

o4.98*

64.62 0.26

67.48 0.66

67.97 0.53

65.59 0.04

65.38 0.42

r 7 1 +

11.23 0.27

8.76 0.15

9.01 0.04

9.40 0.91

10.67 0.08

10.25 0.19

20.40 0.20

23.20 0.01

20.62 0.01

19.78 0.05

20.83 0.06

20.71 0.04

3.38 0.27

3.40 0.02

2.98 0.01

2.85 0.05

2.80 0.06

3.66 0.05

x 99.97%
S.D. 0.043%

Coefficient of 0.04%
Variation

Mean S.D., N=4

A

B

C

D

E

F

100.00

99.99

100.00

100.00

99.89

99.99

*N=1
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while Mickelsen and Anderson (31), report 99.8% 0.l12%.

With the inherent compositional variability between rats

for each component, it is felt that the equality of the

total recovery as reflected by the standard deviation

(0.043%) supports the accuracy of each individual composi-

tional assay.

Conclusion.--This report outlines modifications to the

basic rodent body composition techniques currently employed.

Major revisions in technique included the analysis of water,

lipid, and protein. The analysis of percent water employing

an oven-drying technique was replaced by lyophilization of

small test tube samples. The result was a reduction in time

and improved precision. The modified protein determination

replaced the standard Kjeldahl technique, thus reducing the

complexity and potential cost. The analysis of lipid uti-

lized a modified delipidation solvent (butanol:di-isopropyl

ether) and a lyophilized sample. These modifications also

resulted in simplicity and reduction of time. When compared

with results from an independent laboratory (VPI) utilizing

differing techniques for protein and lipid analysis, the

results were not statistically distinguishable. It is felt

that these modifications will allow the accurate determina-

tion of rodent body composition without undue time, exper-

tise or cost.
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Blood and Urine Assays

Plasma alanine determination.--The blood for the

determination of plasma alanine was collected immediately

following decapitation. The sample, 0.5 ml of whole blood

was mixed vigorously with 1 ml of chilled perchloric acid

(8.0% v/v) and allowed to stand refrigerated for 10 minutes.

The resulting supernatant was pipetted into a 5 ml screwtop

test tube and frozen at -10* C until assayed.

The assay followed the methods described by Williamson

(35). Briefly, the determination of alanine was quantatative

using the deproteinized blood sample and a 0.8 mM NAD+ solu-

tion as substrate sources and alanine dehydrogenase (Sigma).

It was dialized against 10mM phosphate buffer, pH 7.4, to

remove ammonium ions, lyophilized, and then diluted with

20 mM phosphate buffer to yield a final activity of 15 units

per ml. Since the reaction proceeded quantitatively, the

concentration of alanine could be determined by measuring

the increased exctinction at 340 nm resulting from the

increased concentration of NADH. A buffer of 1 M hydrozine,

40 mM tris, and 1.4 mM EDTA was used with the hydrozine

trapping the pyruvate formed to prevent reversal of the

reaction. Results were expressed in PM of alanine per ml

of blood (Table VI) .

Urine urea nitrogen determination.--Urine was collected

over a 12-hour period, 60 hours post-run during 7 of the 13

weeks of the experimental phase. This time frame was



P4

C '

-v0 C> 0C> C0 0
P.. r C> r-I CD C

U O r-i CD C>a ) S

p 0

> 0or-4

O M
>> H -

-& P
C)-1 -0-) P 0 4-

Q) 4-H
| 4-4-4-

Ce ) r- >
<4 4-J P:J4-

P4 E-4r-C W QW r--H
4JC r-4 v.r4 >-

44 4 cd r- id-4
H 0 . -ri*4 -)

> 14U))r- 4 41 J-
r- z$0 CD -1 0C d

W 0 -4 , r4 C|Cw

PQ H -)4-r-CP4 0 )Cd
S < *r-iCCO-H r-i r-4 c N<4r- P4-rC4-J)04-4r H-

SHo n,.c4 r- 4-
-O H -r) N P4 -Ir4 4 r 4C"4 p

0 * ,c| W-'- ) ,.C
EN H4--)4-J r 4 0 4-

Cd C- H O j>4-4 -
-4 C) r- C:) r- :j
NCN-4CD-r <4 C4 ..

pdcd z 00%- &

X to cd cd -r r4,.
r4 0 Cd + 0

U -r-4 < 0 F! 4-)P w-

d4- > H Wr- > C>P.r-I -
Hr-4 NW(1

L r) zr600 o o r> .

S L) P-4 P Cq r-i -

-4- - C

o.<-

N~fl H
,2 p-r w0

o -r Cdcz ,c

Cl) 64J N <r-4

37



38

designed to negate any acute effects of the exercise bout.

Samples were collected in inert weighing boats covered with

fiberglass screen to prevent the feces from mixing with the

urine. Samples from each group were then pippetted into a

common test tube and spun at 1500 rpm to separate any food

or hair present in the urine. Due to the small individual

volume of urine, volumes of each group were pooled to pro-

vide adequate sample size for the urea nitrogen assay. The

urine was then frozen at -10* C until assayed.

The assay for urea nitrogen followed the procedures

described by Chaney and Marbach (36). Briefly, 10 pl of

diluted urine (1/100 v/v) was incubated with urease at 370 C

for 10 minutes. Following the incubation, the samples were

mixed with 1 ml of phenol nitrogenpruside, 1 ml of the cata-

lyst alkaline hypochloride, and 5 ml of water. After 30

minutes of incubation at room temperature, the absorbance

of the blue indophenol was read at 570 nm. Another sample

was run in similar fashion except that the urease incuba-

tion step was excluded. From this assay, the concentration

of ammonia was determined in the sample prior to the urease

catalyzed reaction. This concentration of ammonia was then

subtracted from the concentration of ammonia resulting from

the urease reaction yielding the net ammonia resulting from

the complete analysis itself. The resulting blue indophenol

concentration was directly proportional to the ammonia

concentration which was directly proportional to the urea
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nitrogen concentration. The results were expressed as mg

urea nitrogen per 100 ml of urine. (Table VII)

Statistical Analysis

Body weights were analyzed utilizing a repeated meas-

ures analysis of variance. Each dependent variable was

analyzed independently using one way analyses of variance.

Duncan's new multiple-range tests were used in cases of sig-

nificant main effects to determine which mean values were

significantly different. Only p values less than .05 were

accepted as significant. All means reported in the test

are SEM.
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TABLE VII

UREA NITROGEN ANALYSIS

Solution Formula

1 0.5 M phenol
0.001 M Sodium nitroprusside

2 0.625 M Sodium hydroxide
0.03 M Sodium hypochlorite

3 buffered urease solution
150 mg urease (1000 R/gr) and 1.0

g EDTA in 100 ml distilled water;
adjust to pH of 6.5



CHAPTER III

RESULTS

Introduction

The purpose of this chapter is to present the findings

of the present study regarding the differential results of

a negative caloric balance produced by diet, diet and exer-

cise, or exercise on body weight, body composition, plasma

alanine, and urinary nitrogen. This chapter is organized

into five major areas: Run Time to Exhaustion; Body Weight;

Body Composition; Plasma Alanine; and Urinary Nitrogen.

Run Time To Exhaustion

The results of the maximal run to exhaustion are shown in

Table VIII. At the initiation of the exercise program,

there was no difference in the run time to exhaustion between

the EXERCISE ( 31.79 3.54) and the DIET/EXERCISE ( 32.85 2.59)

groups. However, at week 13, the EXERCISE group ( 51.25 3.69)

had significantly (p,4. 0 5 ) increased its run time to exhaus-

tion as compared to its pre-exercise level ( 31.29 3.54).

This increase in run time to exhaustion was also present in

the DIET/EXERCISE group ( 41.09 5.38; week 13 x = SEM,

p < .05). In addition, the run time to exhaustion at week

13 was significantly longer (p < .05) in the EXERCISE group

41
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TABLE VIII

RUN TIME TO EXHAUSTION

Group Pre-Exercise Post-Exercise Difference
Period Period (minutes)

(minutes) (minutes)

Exercise 31.79 51.25** 19.46*
3.54 3.69

Diet/Exercise 32.85 41.09** 8.24*
2.59 5.38

*Values with the superscript (*) are significantly different
(p < .05) from all other groups for that variable.

**Values with the superscript (**) are significantly different
(p e,.05) from each other.
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than in the DIET/EXERCISE. This increased time on the maxi-

mal run to exhaustion strongly suggests the animals' aerobic

capacity improved as predicted and that the animals which

ran twice a day improved more than those which ran once a day.

Body Weight

Exercise effects on body weight were apparent at week

4, and persist throughout the study. This exercise effect

is evident in the graph of weekly body weight means presen-

ted in Figure 4. Each point on this graph represents the

mean body weights for each group over the course of the study.

A repeated measures analysis of variance reveals a non-

significant Group main effect and significant Time (p < .001)

and Time by Group (p < .001) interaction effects. The sig-

nificant Time main effect demonstrates that body weights

were changing over the 13 week time course while the non-

significant Group's main effect demonstrates that the body

weight grand means were not different by group. The major

finding however, is the significant Time by Group interac-

tion effect. This finding reveals that the groups are main-

taining body weight differently over time. Examination of

the body weight graph (Figure 4) demonstrates that the EXER-

CISE group body weights are decreasing to a greater extent

than are the other ghree groups. The DIET/EXERCISE group,

although it does not decrease in body weight to the same

extent as the EXERCISE group, demonstrated a decrease in

body weight greater than the DIET and the SEDENTARY groups.
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Figure 4. Represents the changes in mean body weights over
the 13-week exercise period.
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To further describe the interaction, a simple main effects

test was run. Due to design characteristics of this study,

this statistical analysis was unable to further isolate

the interaction to a specific week in the exercise period;

however, it does appear that from week four through week

ten, the animals were growing differently. When the figure

is examined more closely, it can be seen that the DIET and

SEDENTARY groups gained weight between week four and week

ten, then returned to a weight slightly less than their

initial weight (p > .05). It appears that the exercise

period resulted in only random, variable changes in body

weight in these groups, resulting, in the end, in no sig-

nificant changes. The meaningful, physiological interaction,

therefore, existed in the constant weight decreases in the

DIET/EXERCISE and EXERCISE groups, and not the insignificant

weight fluxuations of the other two groups. These findings

suggest that regularly performed moderate exercise in the

Male Fischer rat is capable of reducing body weight while

caloric restriction to the same extent, is not capable of

reducing body weight.

The body composition analysis was performed on a decapi-

tated carcass that had had the contents of the gastrointes-

tinal tract removed. Therefore, the carcass weights were

analyzed with a one-way analysis of variance. This analysis

revealed no significant difference (p>.05) in carcass

weight between groups. A one-way analysis of variance on

body weight at week thirteen also revealed that there is no
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significant difference in body weight between groups. The

fact that these two findings agree (i.e., carcass weight,

and body weight week thirteen) lends validity to the carcass

preparation techniques of decapitation and gastrointestinal

tract clearance. Table IX presents the means and standard

errors for carcass weight and body weight at week thirteen.

Body Composition

The four areas of body composition analyzed were:

water, fat, protein and ash. Within each of the compositional

areas, the data will be presented as follows:

Percent Composition of the Carcass.--This analysis rep-

resents the absolute percent measured in the carcass. The

means and standard errors of this variable are presented in

Table X.

Grams of Composition.--This analysis expresses the pro-

duct of the percent composition and the carcass weight in

grams (Table XI).

(% Composition) (Carcass Weight)

Change iri Composition.--This measure represents the

difference in grams of composition between the final carcass

grams of composition and INITIAL grams of composition (Table

XII).

(INITIAL Grams of Composition) - (Grams of Composition)
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TABLE IX

CARCASS WEIGHTS AND FINAL BODY WEIGHTS

Group Weight

Carcass Week 13

INITIAL 300.4 6.5
(N=9)

SEDENTARY 290.7 13.5 370.6 12.7
(N=7)

DIET 289.9 8.9 363.1 8.7
(N=8)

DIET/EXERCISE 283.9 6.8 356.0 7.8
(N=10)

EXERCISE 272.7 10.4 346.9 12.4
(N=9)

different (p <.05)

Values are means S.E.M.

Values with the superscript are significantly
from all other groups for that variable.
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TABLE X

PERCENT COMPOSITION

Group Water Fat Protein Ash

INITIAL 38.02 2.1 26.2 1.8 31.0 0.6 4.6 .17
(N=9)

SEDENTARY 39.74 1.4 24.6 1. 1 31.1 0.4 4.6 .14
(N=7)

DIET 39.17 1.8 26.7 1.9 29.7 0.5 4.4 .22
(N=8)

DIET/EXERCISE 39.63 1.0 24.62 1.7 31.4 0.7 4.6 .17
(N=10)

EXERCISE 44.52 1.6 18.1 1.7* 33.1 0.6* 4.3 .26
(N=9)

*Values with the superscript are significantly different (p <.05)
from all other groups for that variable.

Values are means S.E.M.
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TABLE XI

GRAMS COMPOSITION

Group Water Fat Protein Ash

INITIAL 113.5 5.3 79.3 7.2 93.1 2.5 13.7 .59
(N=9)

SEDENTARY 114.7 3.8 72.1 6.0 90.6 4.9 13.3 .77
(N=7)

DIET 113.2 5.5 77.7 6.4 86.4 3.3 12.7 .53
(N=8)

DIET 112.3 3.1 70.5 4.6 88.2 1.9 13.l .60
(N=10)

EXERCISE 120.2 2.5 50.5 5.6* 90.2 3.7 11.8 1.0
(N=9)

*Values with the superscript are significantly different (p< .05)
from all other groups for that variable.

Values are means S.E.M.

A -1
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Percent Change In Composition. --This variable repre-

sents the grams of composition minus the grams of composi-

tion of the INITIAL divided by the change in carcass body

weight relative to the INITIAL times 100.

Change in Composition ][100]

(Initial Carcass wt) - (Carcass wt)

Water Analysis.--Although the percentage of water in the

animals of the exercise group was higher, there was no statis-

tical significance attributed to this difference (p> .05).

When expressed in grams of water or change in water, the

above-mentioned trend was still evident. However, one-way

analysis of variance again revealed these differences to be

non-significant (p> .05).

Fat Analysis.--An analysis of variance revealed that

there was a significant (p< .01) difference among the five

groups. To determine where the differences occurred between

groups, a Duncan's New Multiple Range Test was performed on

the data. Significant (p< .05) differences occurred between

the exercise group and all other groups, however, the remain-

ing groups were found to be non-significant (p> .05) from

one another.

Two other means of expressing the data (grams of fat

and change in fat) were all found to yield significant

(p <.Ol) differences, upon analysis of variance. The same

relationship existed in the results of the Duncan's New
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Multiple Range Test: The EXERCISE group was found to be

significantly (p .05) different from all other groups,

while there was no significant (p> .05) difference between

the other four groups.

Protein Analysis.--The analysis of variance revealed

significance(p <.01) in the percent protein among the groups.

Further analysis via Duncan' s New Multiple Range Test showed

the significant (p < .05) difference to exist only between

the exercise group and all other groups. The remaining

groups were not significantly different from each other.

When the protein content of the carcass was expressed in

grams, no significant (p> .05) differences occurred. Like-

wise, the change in grams of protein and the percent this

change was of the total weight was also found to be non-

significant (p> .05).

Ash Analysis.--When expressed as percent ash of the car-

cass, grams of ash, change in grams of ash or percent ash

in grams lost, analysis of variance demonstrated no statis-

tical significance (p> .05).

Plasma Alanine Analysis.--The results of the plasma

alanine determination is shown in Table XIII. Analysis of

variance demonstrated no significant (p> .05) differences

in the concentration of plasma alanine between any groups.
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TABLE XII

CHANGE IN COMPOSITION

Group Water Fat Protein Ash
(g) (g) (g) (g)

INITIAL
(N=9)

SEDENTARY 1.2 3.8 -7.26.0 -2.50 4.9 -.441 0.8
(N=7)

DIET .29 5.5 -1.6 6.4 -6.7 3.3 -1.011 0.5
(N=8)

DIET/EXERCISE -1.2 3.1 -8.8 4.6 -4.9 1.9 -.600 .07
(N=10)

EXERCISE 6.7 2.5 -28.8 5.6* -2.935 3.7 -1.873 1.0
(N=9)

*Values with the superscript are significantly different (p <.05)
from all other groups for that variable.

Values are means S.E.M.
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TABLE XIII

PLASMA ALANINE DETERMINATIONS

Plasma Alanine
(PM/ml)

INITIAL
(N=9)

SEDENTARY
(N=7)

DIET
(N=8)

DIET/EXERCISE
(N=10)

EXERCISE
(N=9)

.288+.02

.330+.03

.261+.03

.306+.03

.300+.03

different (p< .05)

Values are means + S.E.M.

Group

*Values with the superscript are significantly
from all other groups for that variable.
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Urinary Urea Nitrogen Analysis

The results for urea nitrogen concentrations are shown

in Figure 5 and Table XIV. No significant (p> .05) differ-

ences occurred between groups at any point in time and the

trends were both random and non-significant.
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Figure 5. Represents the change in the mean urinary nitrogen
over the 13-week exercise period.
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CHAPTER IV

DISCUSSION

The results of the pre-exercise and post-exercise run

to exhaustion are shown in TableVIII. As can be seen in

Figure 2, the protocol increased in grade with the speed

being held constant. Work by Taylor (28), et al. has demon-

strated that a quadraped under 1 kg in weight does not

experience increases in workload with increased elevation.

Thus, the limiting factors in the run to exhaustion were the

running speed and the time. It is apparent from the results

of the run to exhaustion that the rats adapted to the train-

ing and became more efficient, thereby resulting in the

longer run time to exhaustion. Gollnick (37) and Holloszy (38)

have documented increased work capacity in both humans and

rats in response to endurance training. Specifically, they

noted an increased efficiency in the mobilization, delivery

and utilization of metabolic fuels for energy, namely, free

fatty acids. Gollnick demonstrated histochemically, increased

size, density and numbers of mitochondria in the muscles of

exercising subjects. Holloszy and.others corroborated this

visual finding biochemically by observing increased oxida-

tive capacity of muscle homogenate from trained subjects.

Thus, it can be assumed that the rats in the present study,

59
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which demonstrated an increased endurance capacity, also

adapted biochemically and were more efficient running by

mobilizing and utilizing a greater proportion of fat for

energy. Sufficient data has been collected on sedentary

controls to confidently assume that no significant altera-

tion in endurance capacity occurred in the SEDENTARY and

DIET groups.

Body weight responses to the various experimental

treatments are shown in Figure 4. Weights were analyzed

pre and post within groups relative to the initial weight,

percent changes relative to the initial weight and a repeated

measures analysis of variance over time between all groups.

At any point in time throughout the thirteen week exercise

phase, there existed no differences in weights between the

groups. The DIET, DIET/EXERCISE and EXERCISE groups lost

6.5, 24.5 and 37.9 grams respectively when compared to their

initial group weights, but no significance was found. When

these differences were expressed as percent change relative

to their initial group weight, they changed 9.1% (EXERCISE),

5.9% (DIET/EXERCISE), and 1.2% (DIET). Considering the fact

that a 13% decrease in body weight was predicted based on the

calorie deprivation, 70% of this predicted change in the

EXERCISE group would have been expected to be significant,

but due to the wide variation in the weight changes of this

group, statistical significance did not exist. The varia-

tion in weight changes in the DIET/EXERCISE group also elimi-

nated any potential significance. To analyze the apparent
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change in weight loss over time, an analysis of variance

with repeated measures was conducted. Figure 4 shows these

changes which were significant. So, while there was no

significant change at any point in time, the groups were

changing differently from each other, indicating some effect

of the exercise period. When the figure is examined care-

fully, the interaction truly exists in the DIET/EXERCISE

and EXERCISE groups. In these groups, there was a consis-

tent weight loss from week four through week thirteen. While

the DIET and SEDENTARY groups did change over time (weeks

four through ten), this small weight increase during the

seven weeks was transient, and the weight of these groups

returned to slightly below their initial weight by the thir-

teenth week (P> .05). The significant interaction therefore,

may have been to some degree a result of this transient

weight gain; however, it is felt that the weight loss of the

EXERCISE and DIET/EXERCISE groups still would have resulted

in a significant interaction. It is possible that a longer

and/or more intense exercise regimen would have resulted in

a weight loss closer to the expected values. The variations

existing within the groups (weight gains and losses occurred

in all groups) may have been a reflection of the Fischer

strain. If this is so, the advantage gained through this

strain's tendency to level off in growth with maturity is

lost in the random effects of the animals when exposed to

diet/exercise, or a combination of the two. It is also
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possible that the increased rate of loss and absolute loss

would have reduced the random variations in the groups.

Following decapitation, the remaining carcass had its GI

contents cleared and was subjected to compositional analysis.

Since all compositional percentages, grams of change and per-

cent grams of change were based on this weight and not the

body weight, the carcass weights were compared between groups

and the changes relative to the INITIAL group. At the end

of the exercise period, the carcass weights were not signif-

icantly different. The changes in carcass weight relative to

the representative INITIAL group also showed no significant

difference. These results were the same as those found when

comparing total body weights at any point in time. Also, the

change in carcass weights in all experimental groups exhi-

bited the same wide variation in response to the exercise

period. The important point of this analysis is that the

relationship that existed between the total body weights

remained in the carcass weights, indicating a uniform prepa-

ration for compositional analysis. Had there been signifi-

cant loss of water, non-uniformity in decapitation or vary-

ing degrees of GI clearance, significant differences in car-

cass weights would have resulted and could have influenced

the compositional results.

Before discussing results of the body composition, and

the alanine and urine determination, it is important to note

that the INITIAL group and the SEDENTARY group were found to
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have no significant differences at any time in any variable

measured. This finding was important to the study in that

several assumptions were made. First, the INITIAL group was

a true representation of the entire rat population. Since

the SEDENTARY group remained unchanged throughout the exer-

cise period, the INITIAL group could be compared with this

unchanged 20% of the remaining animal population. The find-

ing of no significant differences in this comparison lends

additional support to this assumption. Second, it was as-

sumed that the exercise period was the only source of change

affecting the animals. Since the SEDENTARY group went through

the entire thirteen week exercise period without significant

changes from the INITIAL group, the exercise and diet treat-

ments appeared to be the only source of change affecting the

three experimental groups.

Body composition results are shown in Table X. All means

of analyzing changes in the ash content of the animals showed

no significant differences. Ash represents primarily mineral

and bone contents of the animals. No differences occurring

between the INITIAL and SEDENTARY groups further documents

the fact that the animals were in a steady state and that

their growth had essentially ceased. Also, since there were

no significant differences between any groups, the exercise

and/or diet treatments caused no radical changes in growth.

This is further substantiated by the non-significant differ-

ences in the ash component of the carcasses. This ash data
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also suggests that if aging was a potential factor due to the

age of these animals, it did not result in any detectable

changes and can therefore be considered insignificant.

The water content of the animals was not found to be

significant, however, a near significance did occur in the

EXERCISE group relative to all other groups. This change in

water percentage correlates significantly (r=.934, p <.05)

with the loss of fat in the EXERCISE group. In most normal

circumstances in the rat, there exists an inverse relation-

ship between fat and water content. Thus, as the EXERCISE

group lost a significant amount of fat, one would have ex-

pected an increase in the water content of the carcass.

Again, the variation in the EXERCISE group could have masked

any significant effect present.

When comparing the fat content of the EXERCISE group

with all others, there was a significant decrease in percent

fat, total grams of fat, and grams lost. t is interesting

to note that while all groups were placed ;n equal caloric

deficits of varying origins, only the EXERCISE group lost

significant amounts of fat. The EXERCISE group's loss of

fat is in agreement with previous rat studies (11,12,13).

It is thought that with the increased oxidative capacity and

increased ability to mobilize and utilize free fatty acids,

that the exercised animals used more energy derived from

fat than other potential sources. In this study, the animals

were found to have increased their endurance capacity as a
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result of their training. Since the EXERCISE group's training

effect was significantly greater than all other groups, it

follows that this group should have lost more fat than the

others. This greater fat loss in turn supports the assump-

tion that the increased run to exhaustion time indicated an

increase in oxidative capacity and increased ability to mobi-

lize and utilize free fatty acids.

A significant increase in percent protein was found in

the EXERCISE group relative to all other groups. However,

this percent increase was not due to an increase in the pro-

tein content of the exercising animals because, when analyzed

for grams of protein, change in grams of protein, and percent

change, there was no significant difference. The explana-

tion for the percent increase is as follows: The grams of

protein were maintained, but fat weight and thus the total

body weight were reduced. Although this decrease in weight

was not significant, it was sufficient to make the same grams

of protein compute to be a higher percent of the smaller

total body weight. In general, the negative caloric balance

imposed on the animals was not substantial enough to render

significant measurable changes in protein turnover resulting

in changes in body protein.

Urinary nitrogen and plasma alanine levels were analyzed

to measure any changes in protein metabolism relative to the

normal protein turnover rates. In iat studies (7,8,9), and

human studies (39), alanine was found to be a major precursor
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among the amino acids in the transport of deaminated amino

acids in the muscle to the liver. Specifically, alanine

has been further implicated beyond the glucose-alanine cycle

to an extension of this cycle, the branched chain amino acid-

alanine cycle. Of the branched chain amino acids, valine

and isoleucine appear to contribute only their amino groups

to the formation of alanine while leucine being ketogenic,

yields not only its amino group, but also energy from its

degradation to acetyl CoA. The carbon skeleton came from

exogenous carbohydrate metabolized to pyruvate. The inter-

action of amino acid degradation in the muscle is also rela-

ted directly to the formation of urea when. alanine is deami-

nated in the liver forming pyruvate and a concomitant forma-

tion of urea, which is ultimately excreted in the urine.

From this interrelationship, changes in concentrations of

alanine in the blood and urea in the urine are indicative

of changes in protein metabolism.

These measures were made on urine throughout the study

and on the blood at the end of the exercise period; however,

no significant changes in either parameters existed. Tje

results confirm the body composition analysis that reve. led

no significant changes in body protein.

In interpreting the results of the study in light df

the expected changes, several questions concerning the

animals used and the model itself need to be addressed.
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The main problem with the animals used in this study

was the large range in variability within each group in

response to the negative caloric balance. Several cases of

near significance, in particular, weight loss, were rendered

insignificant due to the animals' variability. If this re-

sponse is characteristic of the Fischer 344 rat, then its

weight plateau characteristic in maturity is useless for

any controlled experimental situation.

Another possibility for this variation could be rela-

ted to the degree of negative caloric balance. The imposed

deficit may have been so slight over the 13 weeks that the

effects on some of the animals were only slightly greater

than that of the normal variation in sedentary, isocaloric

animals. Thus, some responded while others did not. Other

studies whose changes were similar to those expected in this

study had greater caloric deficits and more intense exercise.

It may be that the exercise and diet during the exercise

period was inadequate to produce significant changes.

The answer to this particular problem with the Fischer

rat may be to use another strain of rat. While possibly

solving the problem of. variability, other strains cited in

existing literature have not been shown to demonstrate. any

steady state weight phenomenon. Dealing with an animal that

is naturally growing imposes additional complications in

interpreting data obtained from situations of negative calo-

ric balance. Of particular importance is the. fact that
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these animals would not be metabolically similar to mature

adult humans. Ultimately, the solution to understanding the

human adult's response to diet and exercise may be to design

the best studies possible using humans and not rats.

The imposed degree of change resulting from diet and

exercise may have also effected the outcome of this study.

When compared to the work of Oscai (13), the loss of body

weights (25%), the rate at which this occurred (1.4%/week),

and the greater intensity of exercise may be the reasons

for the different effects of the two studies. In the pres-

ent study, the predicted loss in body weight was 13% and the

rate of loss, 1% per week. With increased rates of loss and

greater absolute caloric deficits, significant changes might

have occurred.

Finally, it is possible that the dietary caloric defi-

cit was inadequate to induce significant weight. loss and

compositional change but significant enough to lower the

basal metabolic rate of the animals. This phenomenon has

been documented in humans (40). If this were to have occurred,

it would help to explain the lack of significant weight loss

and compositional changes in the DIET group, and possibly

why, with increasing amounts of exercise, there was greater

weight loss, and greater trends toward changes in body com-

position.
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CONCLUSION

The results of this study shed light on several aspects

of a rat model designed to investigate the role of exercise

in the sparing of protein stores in negative caloric balance

situations.

First, the need for accurate, precise measurement of

body composition resulted in the development of a new com-

position method. With its advantages of decreased analysis

time, low cost, and minimal equipment requirements, it could

be successfully used by smaller, less efficient laboratories

interested in compositional analysis.

Second, the Fischer 344 rat was better characterized

in its response to diet and exercise. The observed varia-

tions in response to the experimental caloric restrictions

demonstrated the need for increased numbers of animals and

decreased daily handling. It also suggested that the rate

of loss and the absolute weight loss should be no less than

15% of the original weight. Increased exercise intensity

and duration was also found to be necessary to affect sig-

nificant change.

Third, it was found that sedentary animals serving as

controls would remain uneffected by this experimental pro-

tocol. It also appears that if the Fischer rat is housed
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separately, an age of 20-25 months is still a viable age

for experimentation without fear of the aging process com-

promising the results.

RECOMMENDATIONS

The results of this research have led to several recom-

mendations for future experimental design and approach chan-

ges to answer, in a more definitive way, the relationship

of diet and exercise to the apparent sparing effects in nega-

tive calorie balance situations.

1. Considering the variations of the individual ani-

mals, the variations in their results, and the effects these

variations had on the statistical analysis of these results,

it is recommended that the number of animals in each group

be increased.

2. To further reduce the variability of the results,

it is recommended that the experimental treatment include

an increase in the intensity of the exercise and a greater

absolute weight decrease (>l15%) of the initial weight,

3. A final possibility to help maintain the varia-

bility of the results to a low enough level, it is recom-

mended that the exposure of the rats to outside stimuli be

limited to a minimal, consistent time period (2 hours) each

day which occurs at the same time each day.

4, To better understand the dynamics of the weight

loss--protein sparing phenomenon, it is recommended that a
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sufficient number of animals begin the study such that a

statistically significant number can be sacrificied and

analyzed for body composition and plasma alanine each week

of the study.

5. Finally, pelleted food is strongly recommended in

place of powdered food.
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