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ABSTRACT

THE EFFECTS OF VARIOUS LEVELS OF EXERCISE UPON
THE FOOD CONSUMPTION AND BODY WEIGHTS
OF YOUNG MALE ALBINO RATS

by Gundars Strautnieks

The purpose of thls experiment was to determine the
effects of varlous levels of exerclse upon the food con-
sumption and body welghts of young male albino rats. The
experiment was divided into two major parts. The first
part conslsted of thirty-five days and wlll be referred
to as the treatment phase. The second part consisted of
one hundred and five days and willl be referred to as the
post-treatment phase. The experiment ran one hundred
forty consecutive days.

Thirty rats of the Sprague-Dawley straln were used
for the entire experiment. Animgis were dlvlded into thresz
groups, each group consisting of ten rats. The Sedentary
Group was allowed sedentary activity for the treatment
phase but spontaneous activity for the post-treatr=nt
phase. The rats in the Spontaneous Group served as con-
trols and were allowed spontaneous activity for the entire
experiment.

Individual rat body welght was determined daily for

the flrst seventy days, and every third day for the last
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seventy days. Animal food consumption was measured for
each 1Indilvidual rat throughout the entlre experliment. The
spontaneous activlity was measured dally for eéch individual
rat by means of revolutlon counters that were attached to
thelr cages. These data were recorded dally.

Rotatlon order was developed so that each rat would
be in the microswitch-equlpped caged once for a 24-hour
period every five days. Thls was done because of another
study that was run concurrently.

The results indicate that when young male altino rats
are forced to exercilse at young age they do not gain as
much welght as those animals that are restricted from ac-
tivity or allowed to exerclse at thelr own desire 1n th=
spontaneous activity wheels. Even though the activity
was dlfferent for each group of animals, there were no
significant differences between the group totals 1n their
food consumption. Filnally, the rats that were forced to
exerclse by swimming at an early age ran a significantly
greater number of revolutions than elther the post-saientary

or general group rats.
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CHAPTER I

THE PROBLEM

Introduction

Overwelght 1s associated wlth definite health hazards
In terms of an increased incidence of serilous dlsease and
Impaired 1ife expectancy. When all facts are consildered,
1t 1s apparent that overwelight 1s a major health problem
of our day. Although the evidence 1s incomplete 1n some
respects, 1t seems quite clear that substantlial health
gains would result 1f overwelght could be elther prevented
or remedled 1n an appreclable segment of our population.

Deslirable welght 1s an individual thing. It may be
descrlbed as the welght at which a person both looks and
feels hls best. A person's age, sex, helght, bone struc-
ture, and muscular development all affect his weight.

Life 1s much easler in many ways for persons who
are not too fat. They usually feel and look better.
They are likely to live longer. They are less llkely to
suffer from backaches, foot troubles, fatigue, and other
discomforts. Normal welght 1s worth any effort 1t takes
to reach and keep it--worth in the terms of everycay
comfort and of a healthler, longer 1life.

Thls study 1s not expected to solve any weight con-

trol problems or affect the general health of humans




directly, 1t may, nevertheless, shed some 1light upon the
problem that through further research may finally give

some real beneflclal results.

Statement of the Problem

To study the effects of varlious levels of exerclse
upon the food consumptlon and body welght of young male

alblno rats.

Justiflcatlion of the Study

We are starting to reallze today that the lean people
of the past were so, not because they dldn't have the food,
but simply because they led a more active life. The 1n-
ereasing overwelght problems and the complications that come
along with obesity are certainly on an upswing in the United
States. '

Even though the methods of controlling obeslty are
crude and not unilversally effectlve under practical con-
ditions, progress can be made. Research planned or in pro-
gress should do much to 1improve our understanding of the
role of exerclse on welght control as well as the baslc
nature and causes of overwelght and hence develop better

methods of preventlion, diagnosis, and control.

Limitatlions of the Study

l. Thils 1s an animal study and therefore, whatever
results should be obtalned, the application to humans

wlll always be complicated.




2., Some single animal may affect the whole group
average as far as the body weight or food consumption

1s concerned.

3. The study was conducted using young male albino
rats.
4, The minimal amounts of food lost through col-

lecting and measuring methods.

5. The room temperature varlatlons may have affected

the food intake.



CHAPTER II

LITERATURE REVIEW

Introduction

In recent years tremendous advances have been made
towards a better understandling of the effects of exercise.
In spite of thls advancement 1n many exerclse areas,; con-
siderably little has been done to understand the effects
of physical work on the food intake and body welghts.

Various 1nvestlgators have studled the influences
of certaln dlets and how they affect the body welghts and
general food consumptlion. Others have lnvestigated the
effects of spontaneous actlivity and handling upon growth

of animals.

The Effects of Spontaneous Actlvity on Food Intake and CGrowth

Slonaker (40) suggested that the fluctuation in spon-
taneous activity of the alblno rat appear to be of normal
occurrence and that therefore must be considared in 2xperi-
ments dealing with activlity. In hls animal work he found
that the female albino rat not only exhibits varlations in
dally actlvity, known as the oestrual rhythm, but also shows
gradual fluctuatlon in average dally activlty whilch extend

over long perlods of time. Slonaker also found that fluc-

tuatlons in average dally activlity are common to both sexes,
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He further states that the lack of synchronism of these
fluctuatlions 1n a group of animals indlicates that changes
in environment such as molsture, temperature or barometric
pressure, are not the cause. Nevertheless, that a greater
tendency toward synchronous fluctuation exlsted in the
males than in the females.

Hetherington and Ranson (24) investigated spontaneous
running activity both before and after cperatlon of 10
rats with hypothalamlc lesions frequently causing adlposity
and of 6 normal litter-mate controls. It was observed that
the anlmals having bllateral lesions 1n the hypothalamus
tended to indulge 1n much less spontaneous running than
dld the majority of normal controls. The food consumgtlon
of the obese operated animals greatly exceeded the 1ntake
of normal controls or did not exceed at all, depending upon
the nature of the food supplled. A soft palatable dilet
encouraged maximum consumption, whereas the hard dry pellet
diet apparently dlscouraged higher intake.

Shirley (37) Slonaker (41) and Slonaker (L2) after con-
ducting extenslve experiments on the activity of rats
throughout the major part of the 1life perlod, showed that
young and very old animals are quite 1nactive, but that
there 1s 1little change 1n activity level from puberty to
the age of one hundred days. They also demonstrated that
the actlvity of each anlmal tends to a relatlvely constant

value during the major part of the 1life cycle, with the




female rats belng much more active than the male. In
additlon, Slonaker showed that durlng the prims of life
the actlvity 1s confined principally to night, and rest
to day time. Of the whole amount of work done during the
life time, almost three-fourths 1s done btefore reaching
middle age. The males far surpassed the females 1n
welght. The control males not only reached thelr maxi-
mum welght at an earlier age than the exerclsed males,
but also greatly excelled tham. The exerclsed rats
were more active, more alert and brighter 1n appearance
than the non-exerclsed ones, nevertheless,; the control
rats llved longer than the exerclsed rats.

Brody (9) did a study on the effects of selective
breeding on activity and found that selective breeding
had no effect upon increasing the mean activity or re-
ducing the varlability within the active strain of the
albino rat.

Browman (10) controlled temperature and observed
the effects upon the spontanceous activity rhythms of the
albino rat. He succeeded in modifying the dally spon-
taneous actlvity rhythm and onset of oestrous c¢f normal
animals by dally variatlon of light and darxk regardiess
of environmental temperature and by dally varlation in
temperature keepling the light conditions constant. And
Brobeck (2) observed, that when temperature was low tha

average activity was hlgh, but when the temperature was



female rats belng much more actlve than the male. In
additlon, Slonaker showed that during the prime of 1life
the actlvity 1s confilned principally to night, and rest
to day time. Of the whole amount of work done during the
life time, almost three-fourths 1ls done tefore reaching
middle age. The males far surpassed the females in
welght. The control males not only reached thelr maxil-
mum welght at an earller age than the exerclsed males;
but also greatly excelled tha2m. The exerclsed rats
were more actlive, more alert and brighter in appearance
than the non-exerclsed ones, nevertheless, the control
rats lived longer than the exerclsed rats.

Brody (9) did a study on the effects of selective
breeding on actlvity and found that selectlve breedlng
had no effect upon increasing the mean activity or re-
duclng the varlablility within the active straln of the
albino rat.

Browman (10) controlled temperature and observed
the effects upon the spontaneous activity rhythms cf the
albino rat. He succeeded 1n modifying the dally spon-
taneous activity rhythm and onset of cestrous of normal
animals by dally variation of light and darx regardiess
of environmental temperature and by dally varlation in
temperature keeping the light conditions constant. And
Brobeck (2) observed, that when temperature was low tha

average actlvity was high, but when the temperature was




ralsed, the average dally spontaneous actlvity decreased.
And, after bllateral destructlon of the lateral group of

amygdalold nuclel in rats showed that the activity of all
the operated animals, whether normally active or lnactive,
showed a marked decrease, but that therz wsre no signifi-
cant changes in food intake and body weight in compariscn

wlth those of controls.

The Effects of Animal Handlling on Growth

McClelland (33) and Weininger (47) and others, in
thelr animal work, support the theory that tactlle stimu-
lation during handling 1n the form of gentling enhances
the vitallty of the albino rat in the followlng specific
ways: a) 1ncreasing body weight and skeletal length under
ad libitum feeding conditions, b) increasing ambulatory
activity and thereby decreasing emotionality, and c) de-
creasing organic damage under severe stress in the form
of Immobilization and food and water deprivation.

Greenman and Duhring (18) observed that handling of
animals reduces emotionallty and that the animals bscome
tame and respond to the experimental procedures instezd
of "freezing." Gertz, (16) on the other hand, showsd
that there was no significant differences in emotionality

from formal handling between the groups when tested as

tH
C

adults. Gertz concluded that thers was no evidzancs r
a "critical age" at which handling is eifective in tarms

of later behavior.
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Hall (22) from studying the relationships between
external stimulation, food deprivation, and activity con-
cludes that 1ncreased environmental stimulaticn results
in an increase 1n activity, and the addition of the food-

deprived state increases 1t still more.

The Effects of Exerclise on Crowth

There appears to be some controversy about the effects
of exerclise on growth. Donaldson (15) states that "exercise

improves growth" when allowed as voluntary exercise, but

that the over-exerclsing of rats at young age will retard
growth., Price and Jones (35) report the effects of forced
exercise on the growth of young rats exercised dally in
drums turned by a motor. No speclal dlet was administered.
In results they found clear varliation of growth between

the resting rats and the exerclsed. The resting group
showed greater rate of growth when expressed 1n ths average
percentage welghts--whereas the exerclsed rats lagged be-
hind. Measurements of body welghts, body length, welght
of humerus, length of humerus, weight of femur, and lergth
of femur were glven for 6 animals from controls (resting)
and exerclsed animals--on every single count the contrcls
were larger, longer and heavier. "All the welghts and
measurements of the exercised rats are less than the cor-
responding weights and measurements of the control rats."
Prlce and Jones concluded that exercise retards the in-

crease 1n welght and length of the body and of the skeleton.



Kimeldorf and Baum (27) report on alternations in
organ and body welght of rats followlng dally exhaustive
exerclse, and exposure to x-rays. In thelr experiment
they observed that body welght and welght of the gluteus
maximus, kidney, and thymus were reduced while adrenal
welght was 1ncreased in animals subJected to dally ex-
haustive exerclse or exposed to x-rays. Spleen and heart
were enlarged on partlcular days of sacrifice follcwing
exerclse, whereas they were reduced wlth most coses of
x-ray. Testls and pitultary welghts were decreased by

irradiation but not by exhaustive exercilse.

The Effects of Dlet on Actlivity and Growth

There appears to be a lot of experimental work Zdons
on various kinds of dlets and how they affect the general
health and well-belng of laboratory animals. The rzfer-
ences selected here were just the ones dealling with growth
and exercise and how they are affectasd by dlet, vitamin
content in diet, and the denlal cf food or water.

Deuel and others (14) found that ad libitum feecding
to rats of dlets varying in fat content from 5 to 30 p==
cent resulted in better growth, greater physical capzcity,
and better reproductive and lactation performance. Og-
timum growth was observed on dlets containing 20 to 40
per cent fat. Carpenter and Mayer (12) cbserved thct

the yellow mice gained the most welght on high fat diets;,



but 1f the animals were gilven a possibllity to exercilse
in actlvity cages, they lost welght.

Slonaker (39) studied the effects of vegetable diot
on the spontaneous activity, rate of growth, and longevity
of albino rats. The rats fed on vegetable dlet plus ani-
mal food were much more active and dic more work in spon-
taneous actlvity cages than the vegetarlans during their
lifetime. He further observed that the vegstarian rats
aged much earlier 1in life, and that thelr total growth
was greatly retarded.

Mann and others (28) related thelr experimental
findings to the development of obesity. Thelr study
showed that the doubling of the calcrlc supply of young
men dld not 1ncrease the serum llpoproteins and choles-
terol levels so long as the surplus energy was expended
as heat and muscular energy. These findlngs prcbably
reflect the beneflts of physical actlivity.

Smith and Conger (43) suggested that differences in
spontaneous activity of albilno rats are due tc dietary
differences. In thelr experiment they fed one group a
diet high in fat, the other group high in protein, anad
the thilrd group a well-balanced dlet. All the animals
used 1n the study were litter-mates. The rzsults showszd
that as much as 56 per cent of calorific value of the
food may come from fat, and spontaneous activity be main-

talned at a normal level, but 1f the cdlet 1s 72 per cent
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of fat calorles 1t depresses the actlvity a little.
However, 1f the dlet 1s 50 per cent animal protein,
1t induces a marked ipcrease in activity.

Slanetz (38) evaluated dilets for laboratory animals
In respect to proteiln, fat, certain minerals, vitamin A
and a number of the vitamln B fractlons. He found
varlations between manufacturer's claims and hls findings
on vitamin A content 1n diets. He states that the diets
investlgated are apparently adequate 1n resspect to vitamin
B fractions, but feels that rat dlets may be somewhat low
in fat and too low in vitamin A for good liver storage of
that vitamin.

Keith and Mitchell (26) tried the effects of muscular
work wlth rats on vitamin requlrements. The results 1n-
dicated that the amount of exercise did not uniformly
affect the well-belng of the rats on complate ratlons cr
of those on ratlons lacking 1n vitamln B. They indicated
that exerclse dld dilstinctly hasten the appearance of the
symptoms of vitamin A deflclency, and hasten the death of
young anlimals recelving insufficisnt amcunt of this vita-
min. Thls study 1ndlcates a rather clear evidence that
muscular exercise 1lncreases the demand for vitamin A.

Guerrant and others (20) using young rats showed that
less food was consumed, smaller increases 1n bedy welght
were made, and less severe symptoms of vitamin A deficlzncy

developed when the animals were forced to exercilse in a

A I 4
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rotating wheel, than when permitted to exerclse volun-
tarily, or when confined 1n the usual type of cage. This
study showed that animals which were forced to exercise
exhibited the greatest efflclency of food utilization,
they volded the greatest number of fecal pellets, 1ndi-
cating a beneflclal effect of exercise on intestinal
mobility. Furthermore, 1t was shown that animals, which
were exerclsed voluntarlily, and which received dailly al-
lotments of vitamin A, were more active physically than
were the lltter-mates which d1d not recelve the vitamin
supplement.

Beznak and others (7) and Beznak (6) in their studies
on growth and food consumptlon of alblno rats exercised
in revolving drums found that the growth of lnactive rats
on a low vitamin Bj dilet was proportional to the amcunt
of fat in the dlet. When the latter was reduced to 3 per
cent, the growth becomes stunted. Forced exerclse caused
resumption of growth in the low fat dlet group and slowing
of growth 1n the high fat diet groups. On return to in-
active 1life growth in all groups qulckened. It was also
observed 1in thils study that water consumption during exer-
cise period was 1nversely proportlonal to the fat content
in dlet and that 1t 1ncreased 1n later stages of exercise.

Guerrant and Dutcher (19) in thelr conducted experi-
ments with carefully selected groups of young rats, ylelded

data which demonstrate that vitamin Bj requirement of these



animals, as indicated by the time required for the ces-
satlon of growth and for the development of paralytic
symtoms, 1s increased by physical exercise. In the ani-
mals recelving no vitamin Bj, increased exercise resultad
In less food consumption, less growth, early development
of paralytic symptoms, and the elimination of a greater
number of fecal particles. During the first 4 weeks of
the test period, those anlmals which were permitted to
exercise voluntarlly were more actlve physically while
not recelving vitamin B; than were the animals recelving
the vitamin Bj. However, the physlcal activity declined
durlng the latter stages of vitamin Bj depletion.

Sheer and others (36) studied the physical capacity
of rats in relatlon to energy and fat content of the diet.
In thelr work they describe methods for the determination
of body specific gravity, and capaclty for exhaustive work
in rats. The speciflic gravity determinatlion was based
upon determination of body volume by dilsplacement. They
determined the physical capacity by measuring the duratlon
of a swim to exhaustion with regularly increased work load.
No significant correlation between speclfic gravity and
fat content from O to 40 per cent were fed ad libitum,
physical capacity of the animals 1ncreased. When calcric
intake was severely restricted, physical capaclty decreased

markedly.
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The Effects of Exercise Upon the Food Intake

This has been the most controverslal issue 1n the
past, and for that matter, still 1s. The general bellef
1s that exercise directly affects the food consumption.
Most research and experimental work show just the opposite;
simply, that there 1s no direct relationship between in-
crease in food intake and mild activity.

Thomas and Miller (44) studied the influence of
treadmlill running on food intake, body welght and spon-
taneous activity in male albino rats. The initlal re-
sponse to gradually lncreasing exerclse load was a de-
crease 1nfood intake and body welght on exerclse days,
wlth compensatory increase 1n both factors on week-ends
(rest days). By the time the exercise was increased to
one mille per day, food 1lntake on exercise days had re-
turned to normal or slightly above, and food 1ntake on
rest days was slignificantly elevated. During the re-
covery perilod followlng the exercise, food intake re-
mained elevated desplte the absence of aAsignificant
welght deflicit. Overnight spontaneous activity was
strikingly reduced 1n exercised rats, with only partial
restoration on rest days, and with gradual return to
normal during the post-exerclse recovery perilod.

Andik and others (3) studied the effects of exercise
on food consumption and selection. Animals were offered

free choice of 3 foods containing 1/3 standard mixture



and 2/3 starch, casein and lard, respectively. The rats
ran from 8 to 9 hours daily at 750 meters per hour and

it was observed that the consumption of the starch food
diminished, intake of fat rich, and especlally of the
casein rich food, increased markedly. The bulk of the
food consumed remained practically unchanged, the change
over from starch to fat furnishing the surplus caloriles.
The termination of exercise was followed by return to pre-
exerclse levels of 1lntake of all 3 foods. |

Mayer and others (31) observed, that when mature
rats accustomed to a sedentary exlstence were exerclsed
in a treadmill for increasing dally periods, no increase
in food intake was noted for low duratlon of exercise,

20 minutes to 1 hour, but the food intake actually de-
creased slightly but significantly, as did body weight
also. With longer durations of exercise (1 to 6 hours)
food intake increased linearlly and welght was maintalned.
For very long duration, animals lost welght, food intake
decreased and the animals’appearance deteriorated.

Tribe (45) maintained 3 groups of 8 hooded Lister
rats on a self-selection system of feeding and each group
was submitted to 3 different levels of exercise. It was
observed that at no time did the voluntary caloric intake
vary with the amount of exercise undergone. Instead, the
rate of body-welght lncrease slowed down as the amount

of exerclse increased.

15
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Mayer and others (32) extended their experimental
studles on work and food intake relationships to man.
They established relation between caloric intéke, body
welght, and physical work 1ln a group of 213 mill workers
in West Bengal, India. The workers fit into a wlde range
of physical activity, from sedentary to very hard work.
It was found that caloric intake increases with actlivity
only within a certaln zone. Below that range, a decrease
in activity 1s not followed by a decrease 1n food intake;
but rather by an lncrease. Body welght 1s also increased
in that range. The picture presented here on humans 1s

similar to that found 1n experimental animals.

The Role of Exercise 1n Welght Control

Mayer and others (31) in order to galn better insight
on the effects of exercise on body welight studied non-
obese and genetically obese mice. When the sedentary
animals were exerclsed on a treadmlll for 1 hour a day,
the exerclse did not affect the welght of the normal mice
but conslderably decreased the welght gain of the obese
mice, even though the latter responded to exerclse with
increased food intake. The importance of considering
exerclse, as well as food intake, in the welght control,
1s well 1llustrated by these results.

Johnson and others (25) compared two groups of high
school girls, 28 obgse subjects and 28 non-obese individuals

of simlilar age, grade and helght in regard to maturation,



food 1Intake and activity. The groups differed in matura-

tion the obese girls showlng advanced development, that

1s, earller deceleratlon of growth in helght. Both groups

were found to be relatively inactive, but the obese girls
being significantly more so. When caloric intakes and
activity indices were compared to determine the energy
factors in the development and malntenance of obeslty,

on statlstical basls, 1t was observed, inactlvity was
much more important than "overeating". 1In fact, the
caloric intake of the obese group was significantly lower
than that of the non~obese girls, with the relatively
greater energy balance belng consequently supplied by
inactivity.

Passmore (34) theorizes, that "there 1s no doubt
that 1n physically active persons appetite balances with
remarkable precislion, the energy values of the food eaten
and‘the work performed." He performed a study of food
intake on a dog. This animal within a short period of
exerclse did not increase the appetite above the seden-
tary level, but some slight loss of welght occurred.

The results are thus 1n line with a number of other
studlies and support thelr suggestion that a certain mini-
mal level of physical activity 1s necessary for the appe-
tite to function wilth precision and to adjust food intake

to the requirements.

e wmTV
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"I am convinced that inactivity 1s the most impor-
tant factor explaining the frequency of 'creeplng' over-
welght in modern western socleties." These words belong
to Jean Mayer, who has done conslderable experimental
work to support his statement. Mayer (29) studied in
detall the food 1ntake and the dally schedule of over-
welght children. He found that they differed from the
normal, not in that they ate more but that they were
extraordinary inactive. It was noted that the obese
chlldren just sat all thelr waking time. The role of
physical 1lnactivity in the development of the overwelght
Qas indicated by the fact that the overwelght children
who attended camps, where physical exerclse was compul-
sory, lost welght during thelr summers. Mayer concludes
that "the lack of physical activity is a major factor
in the development of obesity in the adult as well as
in the fleld--moderate exerclse does not 1ncrease food
intake, but does reduce body weight." Green (17) also
traced the cause of obeslity in human adults to a sudden
decrease 1n activity.

Cecil and Loeb (13) have thils to say about over-
welght problems, "welght reduction through caloric re-
strictlion alone 1s rarely successful, addltional measures
such as psychotherapy as well as physiological therapy are
needed." Guyton (21) states that forced exercise 1s often

an essentlal part of the treatment of obesity. Along with




the previous thoughts Bard (4) suggests that emphasis
should be placed on both exerclse and diet—;"the store
of body fat can be 1lncreased or decreased only 1f the
energy intake 1s greater or less respectively, than the
energy expenditure. The fact that food intake 1s not
the only factor involved 1n overwelght 1s 1ndicated by
Beaudoin and Mayer (5) in their work, where they found
that the average caloric 1Intake of obese women does not
contaln significantly higher proportlion of either car-
" bohydrate or fat than does that of thelr normal welght
controls.

Whalley and others (48) in their experiments forced
animals to swim wlith additional welghts amounting to 2.5
per éént, at other times forced them to swlm wlthout the
welghts. Thils study shows that rats offered a dlet of
fixed composition ingested less food and water durlng
periods of enforced dally exercise than during perlods
of relative_rest. It was conducted that physical stress
(such as employed iﬁ this study) depressed 1n rats the
desire to eat and drink.

Brobeck's (8) experimental work suggests that food
intake, activity and temperature regulation in the rat

are 1n a certaln sense independent variables upon which

welght gain depends. Brobeck further theorizes that since

the regulation of body temperature, of actlvity, and of

food 1ntake 1s disturbed in animals with hypothalamic



leslons, the hypethalamus may be the level of the central
nervous system responsible for the control of every exchange.

Concerning the origin and mechanism of obeslty 1n con-
trast to the over-simplified overeating theory, Mayer (30)
theorlzes that a number of different genes, probably working
by different mechanlsms, lead to obesity, that hormonal fac-
tors are lmplicated, and that exerclse plays a role of dif-
ferent importance 1n different obeslty syndromes.

Finally, the role of exerclse in the control of body
welght should not be overlooked. The teachers of physical
education should constantly keep the 1mportance of their
Job in thls area in thelr minds. The possibllity that the
importance of physical activity has not been stressed enough
in the past will always exist. Burt and Blyth (11) state
3 1mplications on welght control:

1. Body weight can be maintained or reduced by a
considerable reduction in caloric intake.

2. Body welght can be maintalned or reduced by
vigorous dally exerclse, with no reduction in caloric
intake.

3. Body welght can be malntalned or reduced by
only a small reductlon in caloric intake and a corresponding
amount of dally exerclse.

Thus, while dlet may do the Job temporarily, a more
satisfactory way of welght control 1s through regular

actlivity comblned with senslble eating habilts.



CHAPTER III

METHODS OF PROCEDUERE

Introduction

The present study was undertaken to determilne the
effects of forced exerclse, spontaneous activity, and
sedentary activity upon the food intake and body welghts
of young male alblino rats. More specifically, thls ex-
periment was undertaken to determine 3 things:

1. The effects of forced exerclse, spontaneous
activity and sedentary actlvity on food consumption and
body welghts of young male alblno rats.

2. The effects of spontaneous activity on food con-
sumption and body welght of young male albino rats fol-
lowing a period of forced exerclse and sedentary activity.

3. To relate 1ndividual rat's spontaneous activity
level wilth 1ts food consumption and body weight following
a period of forced exercise and sedentary actlvity.

It 1s necessary to state here that these same animals
were used for another study that was belng run concurrently.
Therefore, a lot of informatlon reported here will also
reflect on the other study, nevertheless, it 1s felt that
in order to present the plcture in the clearest possible
way, 1t 1s necessary to bring out that information. The

other experliment was concerned about the effects of forced
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exerclse upon the spontaneous activity. The length of
thls study was 140 days. The first 35 days will be re-
ferred to as the Treatment Phase while the remaining
105 days as Post-Treatment Phase.

The animals assigned to Group I were sedentary for
the flrst 35 days but were allowed spontaneous activity
for the remaining 105 days. Those animals which were
assligned to Group II were allowed spontaneous activity
during the entlre experiment. The animals assigned to
Group III 1n additlon to spontaneous actlvity were forced
to swim dally with the overload method for the first 35
days, for the final 105 days these animals were allcwed
spontaneous activity only. The animals from Group II
were kept as Controls, whereas the animals from Groups
I and III were held as Experimental Groups.

The food consumption was measured for each animal
for the entire experiment. The average dally food con-
sumptlon per animals per group was determined 11 times
through the Treatment Phase and 24 times throughout the

Post-Treatment Phase.

Subjects and Equlipment

Thirty young male albino rats of the Sprague-Dawley
straln were used for the study. These anlmals were 29
days old when they were received in the laboratory, 33

days 0ld at the start of the experiment, 68 days old at



no
w

the end of the Treatment Phase (first 35 days) and 173
days old at the termination of the experiment. These
animals were all born on the same day but were not
lltter-mates.

The animals were assigned to groups by means cf
random selection. Fifty-four anlmals were received and
were placed 1n 1ndividual sedentary cages. Each cage
was numbered. Uslng a random number table, selectlon
Into groups of 10 rats each was made, and the anilimals
were placed into the proper cage for thelr respective
group. Each cage was numbered for the group and the
individual. The animals assligned to Group I were housed
in individual rectangular cages that measured approxi-
mately 10 inches long, 8 inches wide, and 7 inces high.
Those anlmals which were assligned to Groups II and III
were placed into individual spontaneous activity cages.
These cages consisted of a 4 x 4 hardware cloth rectan-
gular enclosement that was approximately 12 inches lcng;
5 1/2 inches wide, and 5 inches high. These cages were
attached to a partition wall that measured 18 inches
high and 18 inches wide with a 1/16 of one inch thick-
ness. On the reverse side of the partitlon was a spon-
taneous wheel that measured approximately 45 inches in
circumference and was 5 1lnches wide. An animal would
have to run 1408 revolutions to cover a mile. The

ouwter surface of thls wheel was made of plexiglass whille




the running surface was made of 4 x 4 hardware cloth.
The spontaneous wheel was connected to the partition
wall by means of a bicycle axle which was free wheellng.
A hole that measured 3-3/4 inches x 2-1/4 inches was cut
in the partition wall between the rectangular cage and
the wheel glving the animal free access to elther por-
tlon of the cage.

Animals housed in the spontaneous activity cages
entered the spontaneous wheel at will and made 1t turn
by running. Many of the animals Jumped high on the wheel
to start 1t in motion and then they ran on 1t much llke
running on a tread mill. The wheels were deslgned so that
the animal could run in elther direction with the same
effort and the revolutlon counters that were attached
to each cage counted each complete revolution. A mschani-
cal revolution counter was mounted on the rectangular
cage silde of the partition and 1ts arm operated from an
extenslion rod which attaches to a circular disc that was
screwed onto the blcycle axle. This counter was call-
brated to measure each revolution that the wheel makes
and works equally well 1n elther direction.

Water was supplled to the animals 1n all three groups
by means of an 1lnverted bottle whlch was fastened to the
outslde of the rectangular cage. A metal tube extended
from the bottle into the cage and the animals received

water by placing thelr mouth on the end of the tube.



A marking code was designed for the 1ldentification
of individual rats. The code consisted of various pat-
terns of circular and trlangular hcles made 1n the ears
of the rats. The circles were made with a punch and the
triangles with scissors. There was very little bleeding
and no infection from thils marking.

The tempéfature in the laboratory was not contrclled,
but was recorded dally wlth a Daystrom-Weston tempzrature
recorder. The relative humldlty was kept low by the use
of a dehumldifier.

Small plastic contailners were used for collection
and transfer of food. The contalners were speclally
marked for each animal. All food was weighed by the use
of the Cent O Gram Triple Beam Balance. Fin= screen
plates were used to collect all the foocd that fell out
of the spontaneous wheel or from the rectangular cage.
These screen plates were placed over the trays contailning
the woodshavings and allowed all the urine and watar to
be absorved by the woodshavings but leaving the food on
top of the plate covering the tray.

All animals were fed Wayne Lab Blox for Rats, manu-
factured by the Allied Mills of Chilcago and were allowed

to consume all the food they desired.

Tralning Program

The entlre experiment took 140 consecutive days.

These 140 days were divided into two parts, the Treatment
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Phase (first 35 days) and the Post-Treatment Phase (last
105 days). Within the Treatment Phase the individual
dally average food consumption was determined 11 times.
During the Post-Treatment Phase of the experiment the
food intake of each animal was obtalned 24 times. During
the third and fourth phases, 8 times. Throughout the
Treatment %hase, the anlmals from Group I were kept in
individual sedentary cages while the animals from Group
II and III were kept 1n spontaneous actlivity cages. The
anlmals from Group III were forced to swim for 30 minutes
dally using the overload method. Two per cent of thea
animals welght was applled to hils tall by water-proof
adheslve tape. These anlimals swam in a sink which was
lined with plexiglass. The water used for swimming was ,
kept between 35 and 37 degrees Centlgrade.

Since only six of the spontanesous exerclse cages
contained microswitches to measure the intensity of
spontaneous activity for the other study, a rotation
order was developed whereby each rat from the control
group and forced exerclse group was placed in these
cages for 24 hours every 5 days. At the end of the 24
hour perliod, the rats were removed from these cages
and were placed 1n the cage of the rat whlch was to tak=
his place 1n the microswltch-equipped spontanecus ac-
tivity cage. Prior to thils move, all of the food was

removed from the cages of the animals involv2d and each



anlmal from all three groups was welghed. The anlmal's
water bottle was moved with him as was hils identification
tag that was taped to the outslde of hls cage. This
moving procedure shuffled the rats about the rcom so that
they would be exposed to the varylng environments in zll
of the locations within the room. The sedentary cages
were shuffled around every second day so that the animals
would not be on the same shelf for three days 1in a row.
During the Post-Treatment Phase of the experimznt,
all animals from each group were housed in the spontaneous
activity cages. The ten sedentary animals were marked
for ldentiflication purposes. A new rotation order was
established to use the spontaneous activity cages equipp=d
with the microswltches. Each anlimal was placed in one of
these speclal spontaneous exercise intensity cages for
24 hours every five days. The total spontaneous wheel re-

volutions were recorded each day.

Testling Technlgues

Each day starting at 2 p.m. all the animals wers
welghed. The food was then collected from the animalis
cages that were scheduled to be tested for that day.
Actually, the food was picked up from the six spontaneous
actlivity cages equipped with microswitches as well as
from the cages'from which the animals were transferred
to these speclally equlpped cages. Since there were

three cages used for both, the spontaneous activlity group
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and the forced exercise group, to measure the intensity
of the running, the food was measured for six animals
from each group. The food was collected in small
plastic containers marked for each animal. The same
procedure in the food collection waé followed with the
Sedentary Group animals,

The new food was welghed and prepared so that it
could be placed in the cages right after the animals
were rotated according to thelr rotation order for
that day. Each animal was given from 30 to 40 grams
extra food to avold any possible shortages.

Speclally bullt flne, screen plates were placed
over the trays contalning the woodshavings so that no
food would be lost. Each smallest plece of leftover
food was always collected from the animal's cage and
the screen plates.

The welghing of the animals, collecting the food
from the cages, welghling the collected food, welghiling
the new food, placing the new food in the cages and
filling the water bottles took approximately from 2-1/4
to 2-3/4 hours. All this was done in one block of time.
On the days when the waste trays were cleaned, it took
an addltional hour of time.

The same procedures were followed for the Post-
Treatment Phase of the experiment. Instead of weighing
the food for 18 animals each day as in the first half,

now the food was handled only for 12 animals daily.



CHAPTER IV
RESULTS

This experiment was undertaken to determine the
effects of varlous levels of exerclse upon the food
consumption and body weight of young male albino rats.
The experlment consisted of two parts, a treatment phase
(35 days in length) and a post-treatment phase (105
days in length). The various treatments applied to
each group were descrlibed earlier. Indlvidual rat
number nine of the control group was eliminated because
of extreme devlate activity and a large dally food con-
sumption in the post-treatment phase. This animal's
activity accounted for almost 50 per cent of the total
spontaneous actlvlity revolutlions of the control group.
This animal was also considerably lighter than any other

animal in that group.

Food Consumptlon

Flgure 1 shows the animal dally average food con-
sumption. The sedentary and the forced exerclse rats
at the start of the experiment averaged approxlmately
the same amount of food per day. The Controls were
slightly below the other two groups 1n theilr food in-

take per day. The average dally food intake for the
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treatment phase came out about equal for all three
groups. The Sedentary Group averaged dally 21.290
grams per rat, the Controls 20.202 grams, and the
Forced Exercise Group 20.466 grams per rat.
Statlstically there were not any significant
differences between the groups in anlimal food consump-
tion for the Treatment Phase. Based on twenty-nine
rats and three treatments, the aliocation of degree of
freedom were the followlng for food consumption during
the treatment phasé: Total-;28, Treatments--2, and
Error-;26. The varlance due to treatments was not
significant at the 5 per cent level (F = 1.59). The
results of the analysis of variance are shown in

Table I,

.TABLE I

ANALYSIS OF VARIANCE OF DATA FOR FOOD CONSUMPTION
DURING THE TREATMENT PHASE

Source of Sums of Mean

Variation D.F. Squares Square F F.05
Total 28 57.236

Treatments 2 6.207 3.1135 1.59 3.39
Error 26 51.009 1.9619

The dally average food consumption for the post-

treatment phase for the three groups came out as follows:

Sedentary Group 23.321 grams per rat, Controls 22.934
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grams per rat, and Forced Exercise 22.934 grams per rat.
When the dally averages of the post-treatment phase are
compared with those of the treatment phase, the daily
food consumption per rat has increased by all three grougs.
Statlstically there were not any significant dif-
ferences between the groups 1n animal food consumption
during the post;treatment phase. Based on twenty-nine
rats and three treatments, the allocation of degrees of
freedom were the following for the food consumption for
the post-treatment phase: Total--28, Treatments~-2, and
Error--26. The variance due to treatments was not sig-
nificant at the 5 per cent level (F = 0.70). The results
of the analysis of variance are shown in Table II. The
means of the three groups were tested at the 5 per cent

level through the use of the Duncan Test for Mean Values.

TABLE II

ANALYSIS OF VARIANCE OF DATA FOR FOOD CONSUMPTION
DURING THE POST-TREATMENT PHASE

Source of Sum of Mean

Varlation D.F. Squares Square F F.05
Total 28 108.207

Treatments 2 5. 584 2.782 0.70 3.39

Error 26 102.623 3.9470
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Animal Welghts

At the start of the experiment the Sedentary and
the Control Groups were averaging 107 grams per rat. The
Forced Exerclise Group averaged 105 grams per rat. Flgure
2 shows the welght galn patterns for the entire experimznt.

At the end of the Treatment Phase the Sedentary
Group averaged 320 grams per rat, the Control Group 296
grams, and the Forced Exercise Group 280 grams per rat.
From thils 1t can be seen that the Sedentary Group galned
approximately 213 grams per rat in the 35 days of seden-
tary activity. The Control Group galned approximately
189 grams per rat while running at their own desire in
the spontaneous activity wheel for 35 days. The Forced
Exerclse Group, while swimming dally for 30 minutes with
the overload method in addition to the running in the
spontaneous activity wheels, gained 174 grams per rat
for the same 35 days.

Statistically, there was & slgnificant difference
between the groups 1in the animal welghts at the termina-
tion point of the Treatment Phase. Based on twenty-nine
rats and three treatments, the allocatlon of degrees of
freedom were the followlng for the animal welghts for
the Treatment Phase: Total--28, Treatments--2, and Error--
26. The varlance due to treatments was found to be signi-
ficant both, at the 5 per cent level (F.05 = 3.37) and at
the 1 per cent level (F.0l = 5.53). The results of the

analysls of varlance are shown in Table III,
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TABLE III

ANALYSIS OF VARIANCE OF DATA FOR THE ANIMAL WEIGHTS
DURING THE TREATMENT PHASE

Source of Sum of Mean

Varlation D.F. Squares Squares F F.05 F.01
Total 28 16,217.95

Treatments 2 7,563.99 3782.00 11.36 3.37 5.53
Error 26 8,653.96 332.84

To Test Group Means at the 5 Per Cent Level:

174,30 188.80 212.80
Forced Control Sedentary
Exercise Group Group
Group

Using Range Table with 26 D.F.

2 3
2,91 3.06 § =332.80 1 +1+1
(2) (3) 3 10 9 1o

17.07 17.95

To Compare Sedentary Group wlth the other two groups:
212.80 194.85 1s greater than 188.80 so, therefore,
-1%.25 the sedentary group mean 1s significantly
194,85 greater than the other two groups at the
5 per cent level.
To Compare the Control Group with the Forced Exerclse Group:

188.80 171.73 1s less than 174.30 so, therefore,
-17.07 the Control Group mean 1s not significantly
171.73 greater than the Forced Exerclse Group.
At the termination of the experiment (140 days) the
Sedentary Group was averaging 465 grams per rat, the Control

Group U458 grams per rat. Thus, since the end of the



Treatment Phase the Sedentary Group had galned about
145 grams per rat, the Controls 162 grams per rat, and
the Forced Exerclse Group about 159 grams per rat.
Statistically there were not any significant dif;
ferences 1n animal welghts between the groups from the
end of the treatment phase to the end of the post-
treatment phase. Based on twenty-nlne rats and three
treatments, the allocatlion of degrees of freedom were
the followlng for animal welghts during the post-
treatment phase: Total--28, Treatments--2, and Error--
26. The varlance due to treatments was not found to
be significant at the 5 per cent level (F = .92). The

results of the analysls of variance are shown in Table IV.

TABLE IV

ANALYSIS OF VARIANCE OF ANIMAL WEIGHT DIFFERENCES
FROM THE END OF TREATMENT PHASE TO
THE END OF THE EXPERIMENT

Source of Sum of Mean

Varlation D.F. Squares Square F F.05
Total 28 24,842,98

Treatments 2 1,642,52 821.26 .92 3.37
Error 26 23,200.46 892.32

Over the entire experiment (140 days) the Sedentary
Group galned 357 grams per rat, the Control Group gailned
351 grams per rat, and the Forced Exerclse Group galned

334 grams per rat.



Statistically there were not any significant dif-
ferences between the groups on the total weilghts galned
for the entlre experiment. Based on twenty-nine rats
and three treatments, the allocation of degrees of free-
dom were the following for the animal welghts for the
entire experiment: Total--28, Treatments—:e, Error--z6.
The variance due to treatments was not found to be sig-
nificant at the 5 per cent level (F = 1.04). The resul:s

of the analysls of varlance are shown in Table V.

TABLE V

ANALYSIS OF VARIANCE OF DATA FOR ANIMAL WEIGHT
DIFFERENCES FOR THE ENTIRE EXPERIMENT

Source of Sum of Mean

Varlance D.F. Squares Square F F.C5
Total 28 41,113.55

Treatments 2 3,032.97 1516.49 1.04 3.37
Error 26 38,080.58 1464.64

Spontaneous Actlivity

Along with this experiment, the amount and intensity
of spontaneous actlivity of the same rats was tested through
another study by Dale L. Hanson. (23) Spontaneous activity
was measured by the total number of wheel revolutions mai-
by the individual rats. The mean values for spentaneous

wheel revolutions are gilven in Filgure 3.
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The results showed that rats which were forced to
exerclse by swimming with the overload method, incresased
their total spontaneous actlvity significantly as measurec
by wheel revolutlons durlng the post:treatment phase but
not durlng the treatment phase. Thé post:sedentary rats
had comparable total spontaneous activity with that of
control rats, but the total spontaneous activity of both
of these two groups was significantly less than that of

the forced exerclse rats.

Discussion

The evldence presented indicated that 1in rats,
under the conditions of thls experiment, the voluntary
food infake was not affected by forced exerclse, nor
was 1t decreased when the forced exerclse treatment
was terminated. Altogether, there were no significant
differences between the groups 1n the average food con-
éumption throughout the entire experiment. Nevertheless,
the mean food consumption of the sedentary rats was
slightly higher than that of the forced exercise rats
durlng the treatment phase and also during the post-
treatment phase. The food consumption of the control
group was less than that of any of the other two groups.

The obvlous drop in food consumption in the forced
exerclise group as well as 1n the control group during
the treatment phase cguld probably be due to an 1lncrease

in room temperature. It 1s very interesting to ncte,



however, that 1f the temperature really was the declding
facter here, 1t affected the food intake of the seden-
tary rats very little.

The dally food consumption of the sedentary rats
fell off quite considerably during the first stages of
the post-treatment phase when these animals were placed
on spontaneous activity for the first time. This sudden
drop was probably due to the opportunity to exercise and
also due te the new environmental conditlions. Thus, 1t
could be assumed that the opportunity to run in the
spontaneous activity wheel, along with the new environ-
ment, temporarily depressed the rat's desire for the
food offered. This also was the only time in the en-
tire experiment when the sedentary rats dild not gailn
any welght for flive consecutlive days, and even when
they started to gain again, the rate of welght gained
per day was not as great as previously during the
treatment phase. The forced exercise group and the
control group were averaging approximately the same
welght until the twentleth day of the experiment. From
then on the rate of the dally welght gain of the forced
exerclise rats started to decrease and continued so to
the end of the treatment phase. During the first part
of the post-treatment phase the rate of the dally weight
gain of the forced exercise rats was slightly increased,

but then, as these rats started to increase thelr
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spontaneous activity, the rate of the welght galn becams
slower again. Nevertheless, the rate of the welght gz21n
during the post-treatment phase was slightly higher in
the control and forced exerclse groups than in the
sedentary group. In the case of the forced exerclse
rats, this could be an attempt to restore the body welght
deficit incurred during the forced swimming period, why
this 1s s0 with the controls, remains tc te 1lnvestigated.

The fact that sbbntaneous actlvity was depressed
in the forced exerclse rats during the treatment phase,
but was greatly elevated following the termination of
the treatment phase, 1ndicates that forced exerclse at
early age does affect the degree of spontaneous activity
in adult male albino rats.

Finally, considering voluntary food consumption a
measure of desire for food, 1t can be concluded that the
levels of exerclse designed for this experiment did not
affect the rats food intake. The exercise did; however,

affect the rats body weilght.



CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATICNS

Summary

The purpose of this experliment was to determine
the effects of various levels of exerclse upon the food
consumptlon and body welghts of young male alblno rats.
The experiment was divided into two major parts. The
first part consisted of thirty-five days and will be
referred to as the treatment phase. The second part
consisted of one hundred and flve days and willl be re-
ferred to as the post-treatment phase. The experiment
ran one hundred forty consecutive days.

Thirty rats of the Sprague-Dawley strain were
used for the entire experiment. Animals were divided
into three groups, each group consisting of ten rats.
The Sedentary Group was allowed sedentary activity for
the treatment phase but spontaneous activity for the
post-treatment phase. The rats 1n the Spontanecus
Group served as controls and were allowed spontansous
activity throughout the entlire experiment. The Forced
Exerclse Group was forced to swim with the overlozd
method for the treatment phase and were allowed spon-

taneous actlivity for the entire experiment.
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Individual rat body welght was determired dailly for
the filrst seventy days, and every third day for ths last
seventy days. Animal food consumpticon was measured for
each 1individual rat throughout the entire experiment.
The spontaneous activity was measured dally for each
individual rat by means of revolution counters that
were attached to thelr cages. These data were recorded
dally.

Rotatlon order was developed so that each rat
would be 1n the microswltch-equlpped cage once for a
24-hour period every five days. Thils was done because
of another study that was run concurrently.

The results 1indlcate that when young male albino
rats are forced to exercise at young age they do not
galn as much welght as those anlmals that are restricted
from activity or allowed to exerclse ét their own desire
in the spontaneous activity wheels. Even though the
activity was different for each group of animals, there
were no significant differences between the groups total
in thelr food consumption. Finally, the rats that were
forced to exerclse by swimming at an early age ran a
silgnificantly greater number of revolutions than elther

the post-sedentary or control group rats.

Concluslons

1. Exerclse does significantly affect body weight.

2. M1lld exercise does not increase food intake.



3. Forced exercise rats particlipate significantly
more 1n spontaneous running.

4, 1Independent from the group, those animals
which do the least work galn the most weight and also
on the average eat more.

5. Independent from the group, those animals
which do the most work gain the least welght and ;lso

on the average eat less.

Recommendatlons

1. A similar study should be done over a longsw
period of time to determine whether the animal welghts
for all three groups would ever come together.

2. A similar study should be done over a longer
period of time to determine whether the spontancous
activity level of the forced exercise rats would ever
drop below that of the other two groups.

3. A similar study should be dcne with an ad-
ditlional treatment phase 1n later stages of 1ife to
determlne the effects upon food consumption, body
welght, and spontaneous activity.

4, A study should be donz varying the ovarload
welghts to determine the effects upon food consumption,
body welght, and spontaneous activity cduring the trezt-
ment phase and during the post-treatment phase.

5. A slmllar study should be done on a carefully

selected active strain of rats.
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APPENDIX D

SEDENTARY GROUP FOOD CONSUMPTION FOR
POST-TREATMENT PHASE (IN GRAMS)

Aver.

Gr.

Per Test
Period

3.87
24 .74
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24.56
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L. 06
2
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APPENDIX E
CONTROL GROUP FOOD CONSUMPTION FOR

POST-TREATMENT PHASE (IN GRAMS)

Aver.
Per Test
Period

Gr.

22,34
21.06
23.25
23.65
22.30
21.57
22.20
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21.47
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22.31
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o2 .47
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APPENDIX F

FORCED EXERCISE GROUP FOOD CONSUMPTION FOR

POST-TREATMENT PHASE (IN GRAMS)

Aver.
Per Test
Period

Gr.

22.39
22.40
25.64
23.06
22.50
21.85
22.03
22.92
22.55
23.12
23.45
23026
22.77
23.15
23.28
24,49
21.50
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22.18
23.48
22.79
22.62
23.08
22.90
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Testing Dates
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11-14
15-18
19-23
24-27
28-Sep. 1
2-5
6-10
11-14
15-19
20-24
25-29
30-Oct. 4
5-9
10-13
14-17
18-21
22-25
26-29
30-Nov.
3-6
7-10
11-14
15-18
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Averages

22.934

Average

Total Gr.
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APPENDIX G

AVERAGE COUNTER REVOLUTIONS PER GROUP
PER TEST PERIOD

Forced
Sedentary Spontaneous Fxerolco
Treatment Phase

Test Perilods
1 1124 1705
2 863 1182
3 713 726
L 614 520
5 702 391
6 849 L62
7 826 L68

Post Treatment Phase

8 360 ’ 580 785
9 483 619 801
10 524 498 1005
11 648 542 1371
12 699 476 1202
13 T47 543 1423
14 787 551 1430
15 830 664 1775
16 675 517 1558
17 922 584 1685
18 851 551 1266
19 964 631 1467
20 655 466 1153
21 640 430 1181
22 718 qu7 1155
23 603 409 1060
24 489 397 1031
25 568 452 1131
26 614 495 906
27 524 419 842

28 it 420 780




ANTIMAL BODY

WEIGHTS

Treatment Phase

Post-Treatment

Group July July ngy July July July Aug Aug Aug Aug . Aug. Aug. Sept Sept. Sept.
6 11 16 20 26 31 5 10 15 20 25 30 L 9 3
Tt IR e e 2l 0 28503 321.3 353.51338.8 -342.6 363.5 372.0 382.5 395.0 400.4
g O TR e 2l 3 2Tl s 308.5 335.0( 335.0 344.2 364.0 377.0 391.6 395.7  408.2
el I oD 0 303.2 331.5 | 325.5 337.3 346.7 358.8 372.8 381.0 388.1
Lo R L N e e s liE s o6 .5 297.5 326.0 1 320.3 337.1 343.6 353.0 360.7 388.5 401.6
e R O R SO colies ol s 289 5 310.3 | 308.6 322,2 328.3 340.7 355.2 350.0 361.8
5 6 I AR e 0 20105 297.1 323.2 | 325.7 337.1 353.6 364.0 379.4 366.3 375.5
i ] O oo s 266, 0 276.0 297.4 { 296.7 307.6 319.9 330.5 324.4 333.3 351.5
2 B R D6 2se . 273.4 296.0 | 307.0 321.0 335.8 348.0 361.5 359.4 370.4
49 e 2O s 2 270D 303.1  325.8 | 334.0 348.2 363.5 371.9 385.4 398.1 399.8
5 10 R G O 2P0 0 276,585 290.2 305.1 | 317.8 332.1 354.0 368.5 386.2 398.0 —408.1
Aveg-. O T e sl O 2686 295.3 320.4 | 320.9 332.9 - 347.3 358.4 . 370.0 -376.5 ..386.5
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2 R IO RS o5 217.0 247.0 271.31297.3 319.4 333.5 342.3 360.6 374.8 383.2
o 3 08 s 10866 0 201.0 RN PR o6g e 206,65 111308.8  322.7 333.4 349.0 359.4 361.0 368.8
S ! S SO 0000 25200 2745 298.3 316.2 | 328.3 343.2 360.9 -363.5 379.0 384.2 396.0
SR I IS OO0 20l 225 L 246,11 272.0 298.2 | 315.2 331.6 343.8 361.6. 386.0 SO O
o 6 [ I eS0T 0.0 236,108 270,0 306.4 {317.0 327.4 345.2 - 360.4 366.6 373.6 367.5
= i R OO0 o326 258 4 285 L 293.0 [ 316.5 330.0 340.8 355.2 361.4 360.0 373.k
; g i oGO o5 00 2103 239.5 < 257.0 293.51314.8 337.8 355.4 B S e S B0 O e UD T
0 R D@ ORI S0te 2116 2457 279.0 292.1 [ 311.2 320.5 328.5 350.6 367.1 366.6 378.4
Avg. R Do 2U6. 2 273.9 296.0 [ 314.8 331.0 345.0 359.3 373.8 378.5 387.3
=i
ket T flGons I SEEIS 5 202, 3 218.2 244.5 258.5 279.8 8. 1 08.5 25l 29 G20 lior gt Sl e 9
=i 5 ) . | Q) @)l . ~ Yo ) HOMEAC
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e b3 B OmNE O BT 0110 227.2 252.0 261.3 ot ERR 00 g NG 3381 @ 335,00 3414
N LS 2158 2055 2652 200.0 309.2 (330.0 357.6 367.1 382.4 395.0 Loh.g Ki7.1
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6 fore 12600 216.3 238.9 269.2 298.2 330.8 9 e leaTe e SaBongh iga 8 Lo 1oo 6
e HEARE S ] SIS0 1915 2922.5 2404 267.5 576 : E 217 7 e S
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ANTMAL BODY WEIGHTS (Continued)

Post-Treatment

: - N O Nov. Nov. Nov.
Sept. Sept. Sept. Oct. Oct. Octl'. Oct. OSZ Og; _Ngv. Ngv. wio% i% >3
Group 19 2L 29 i 9 14 19 2 :
) v L & ne3.6 M70.2 h71.6 1468.5 L72.0 479.
b1 b10.4 418.4 L15.2 M14.8 A426.L A21.3 435.6 igg.o igl'g iés & 5106 5il.6 518.2 520.2
S Ns e sl isps M3 ho6.6 69.0 3.0 UR3 L3575 Gg7is hp3lo By1.6 B79.5 B8T.0
RS 355.0 ilois 4oo.h Aoi.s 43314 MA33 4930 496.0 4B0.2 OT-3 L3060 4splo 7ol
o o LS ué7'u 412'% iég'i i i%g'g iig'7 118.3 419.0 418.3 i17.6 i;g g
(R o1 8o Sies. 37D O : R s e k336 437.0 Aurld 43.5 L4438,
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30 32 e XS s wEn mo o R0 0 B S el Y
0.8 33 5000 U ' L 451 ‘0 471.0 U476.6 A478.0 U473.5 481.0 .
5 Bh6. 4 451.8 L462.0 4T1. 7 i
S Icic MR 0 9T 550 Lehs 403 lyih h60.0 4708 4BT.0 ho7.h Lov.o 504.0
2 139.6 440.8 U450.2 L464.2 U470.3 HTL. A : A
T § A sl ise7 a1 478 4shh 458.6 159.1 -
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B0 o0 as.h ook hiels 8.6 2.2 430.0 A3E.0 J33.0 50 00'2 41slo 41100
P s 7 3t 5 37i.5 370.6 e o055 1005 105 455.0 LEh.0 473.3 472.5 L86.7
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R 0 e IO 302 hote 397 ' : ‘0 Ml0.2 U416.7 419.8 116.2 429.4
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- b 1 hob.2 410.4 420.9 426.0 L27.8 432, 7 A
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4 i - el ") gl ' 2 379 81.6  383.5 e
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it B0 BRI olc oo 0.6 Ei5.3 Mijo M8 Ms.y leso 31.2 A6.T 9. e
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