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ABSTEACT

Dietary Otesity, Exercise Training, and Thermogenesis
in Rats

By
James 0. Hill
University of New Happshire
September, 1981
The exact contritcticns of changes in thefmogenesis to
the energy talance of either rats or humans is not kncwn. .
There is sore evidence that differences in post-prandial
heat production {dietary-induced thernogenesis), can explain
%hy some individuals gain weight easily when overezting and
other do nct. There is alsc evidence that exercise enhances
dietary-induced thermogenesis. However, it may be the
effects of exercise training rather than the exercise itelf
vhich enhances dietary-induced thermogenesis. Aerctic
exercise trairing may produce increases in dietary-induced
thermogenesis and allcw mcre caleries to be exrended as heat

when overeating.

In these three exrerinments, the effects of diet and
exercise training on food intake, tody weights, bcdy
compositior, and therncgenesis was studied in male and

female Spragte-Dawley weanling and adult rats.



Overeatirg and obesity was rrcduced by giving rats a
supermarket diet, and aerobic training was accomplished ty

forcing some cf the arimals to swim 2 hours/day.

Thermogenesis was measured by indirect calorigetry
while animals were in chambers connected to a closed-lcop
system. Ckances in aercbic caracity were.not rea sured
directly but vere inferred from changes in an enzyme in
puscles kncwn to increase with aercbhic training, citrate
synthase. The resulting changes in tody weight with the

supermarket diet and daily exeicise could nct be eiplained

by changes in food intake. Both early diet and exercise
affected ttermogenesis and changes in heat rroduction were

fcund to be important in explaining the body weigkt changes.

e O G
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I. INTRCLCUCTION

The ccnstancy cf adult bedy weight of most stecies is
agtite remarkakle and not fully explained under all
circunstances given the rresent state of knowledge about
energy intake and expenditure. Adult animals demcrstrate an
impressive qbility toc Baintain a constant body weight
despite changing food supplies and varialble levels cf enexgy
expenditure,

If a stakle body weight is the result of a balance
tetween energy intake and expernditure, adjustments in one or
bcth of those factors must account for why tody weight
remains relatively stakle throughcut mcst of the adult life
of animals of many species. Traditionally, a ncre important
role had teen given tc¢ focd intake. However, there is a
growing body of experimental evidence which suggests that
energy expernditure adiustrents must alsc be considered.

With more sensitive equipment, it has tecome possiltle to
detect small changes in heat production which can te
important factors in ererqgy balance vw%hen ccnsidered over 24
hcurs, or lcnger time periods. The circumstances under
which systeratic changes in heat rrcduction occur are not
£ully understood. Also the large wvarialility retveen

sukjects that is seen in measuremnents of heat prodvction has
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not teen exrlained. In the case cf chese humans, it is
kncwn that changes in basal metabolic rate (BME) ofppose
changes in body weight (Miller, 197%). Thus the cverweight
person is faced witl crpositicn frcr his or her osn
metabolic rate when trying to reduce. Such changes in BHR
may substantially hamrer efforts to lose weight. It is
likely that a similar metabolic opposition to body weight
increases occurs.

In this review c¢f scme of the relevant literature,
studies using both rats and humans as subjects'will be
considered, It is accerted by many that the rat talances
enerqgy intake with energy expenditure on a daily tesis, and
that adjustment cf fccd intake is the mcst important factor
in that balance ({Adolph, 1947; Jacots and Sharma, 1969;
Janowitz and Grossman, 1949; Kanarek, 1976) . Because man's
akility to reculate erergy balance c¢n a daily basis has been
thought to be poor in comparison to the rat, the usefulness
of the rat as a mcdel fcr studying humanp cobesity has been
gquestioned. BHowever, the rat's outstanding akility to
requlate erergy ralance and mairtair a stable body body
veight quickly disappears when the rat is given a kigh fat
diet {(Schenrel et al., 1970), a high carbchydrate diet
{Ranarek and Birsch, 1977), or a diet consistirg c¢f a
variety of very palatakle foods (Sclafari and Sgrirger,
1676). When given such diets, rats resgcnd very similarly
to humans, and become obese. The resulting dietary obesity

could be very comparakle in the tvwc species and the rat may



re a very gocd model fcr studying such ocbesity. It is
irpcrtant to realize that not all strains of rat respord to
obesity-producing diets in the same way (Schemmel et al.,
1972a) , suggesting a strcng genetic coagponent in
susceptibility to obesity. Caution should te used in
ccmparing results acrcss species cf rats, and in noting
similarities between rats and humams.

Forcing rats to exercise alsc seems to disrupt the
energy balance requlation of rats. Changes in tocdy weight
which result from exercise cannct be explained.by changes in
fcod intake. There are similarities in the effects of
exercise in rats and in humans. However, if must te
repembered that humans are never forced to exercise in the
same sense thet rats are. This may be an important factor
in how each species responds to the stress involved in the
gXercise,.

In summary, some strains of rats can provide a good
nodel for stuéying how energy talance is requlated in
humans, and hcw that regulation changes with a very

palatabkle diet and with exercice.



II. STABIILIITY CF BCDY WEIIGHT

In most species, adult body weights are surprisingly
statle, even when challenges tc the diet are given. Many
times the restlting change in tody weight is far less than
7? expected, The initial explanation is that changes in food
intake compensate to allow for tody weight stakility.
However, it is nct clear that changes in foed intake can
always explain the statility of bedy weight. Some early
studies (Cowgill, 1928; Adolph, 1947; Janowitz and Grossman,
L 1949) indicated that animals cctld increase or decrease the
agount of food eaten to compensate for increased ct
decreased calcric density, but not c¢cn a short-term basis.
There were delays ranging from 4 days in rats (Adolph, 1947)
to 8 days in dcgs (Cowgill, 1928) tefore the arimals
adjusted tteir intakes to the new diets. Janowitz and
Grossman {1949) diluted diets to as much as 25% of the
caloric ccntert a contrcl diet for rats. The animals took
aprroximately a week to adjust their food intakes tc a new
diet. It seems that animals have the atility to adjust
their intakes to variations in caloric density but the

adjustment is not immediate.

SRt o R e e S e e U L R S i




S e g

This suggests that if you deprive animals <¢f fccd or
force ther tc eat mcore than ncrmal, they should adjust their
sutbsequent intake in order to maintain their previcus Lody
weight. Levitsky et al. {1976) fasted rats up to 96 hours
and cbserved food intake during recovery. They fcund that
the animals regained the lost tody weight withcut increasing
food intake sulsequent to the fast. Ccllier (197D) produced
bcdy weight lcsses (and lowered food intakes) thrcugh water
deprivaticn, He found that his rats also recovered the lost
bcdy weight without overeating when given ad lib. access to
food. Boyle et al. {1977), in following ur on the results
of Levitsky et al, (1¢76), fcund that refeeding rats which
previously had been food restricted to either 81 cr 92% of
their norrcal tcdy weights, resulted in a greater efficiency
cf utilzatibn of food in those animals. They found that the
fcod restricted groups gained more weight on the sasnme intake
than did ccntrels, and cconcluded that a me tabolic adaptation
to the undernttrition must have occurred. However, they did
€xpress focd irntake as grams eaten, instead of grams
eatens/body weight. TFrom their results it appears that a
sutstantial ircrease in efficiercy sculd be seen even if tlLe
ccrrection for bodv weight were made.

Studies in which anirals ate an excess of calories
ccmpared tc normal intakes also reveal a surprising
constancy c¢f tcdy weight. Grafe and Graham (rerorted in
#iller and Fayne, 1962), fed a 20-kg dog a diet ccrtaining

aktout 20% prctein. The dcg was able to maintain a stakle



body weight c¢n intakes of both 1,'20 and 2,580 kcals/day.
Miller and Eayne (1962) using rats and pigs fed either a
high calorie c¢r a lcw calcrie diet. They found that
differences in body weight ketween animals on the diets were
puch lovwer than would Lte expected given the difference in
calories ingested. TFor rats, the caloric difference Eketween
thke bigh calcrie and lcw calorie diets was about 32C%. The
cbserved differences in weight were far less than expected.
In pigs, there was more than a 37,000 calorie total
difference tetween thte diets, but the bcdy veiéht renained
ccnstant betueen pigs on each diet. The caloric difference
shﬁuld have resulted in a difference of about 4 kg in body
veight. Moreover, the difference in intake while keeping
rody weight ccistant cculd not te explained by differences
in physical activity, digestibility, fat storage, or losses
in the urine.

Stirlirg and Stock {1968) fed rats either a high
rrotein cor low protein diet. 1The rats on the lcw frctein
diet (high calcrie) tcck in 72% mcre calories durirqg a
23-day pericdé than did animals cn the high frrotein (low
calorie) diet. The small change in tody weight which
resulted was far less than expected given the caloric intake
difference.

Garrow (1979), fed monkeys a mixed diet surplying 100
kcalysday fcr 12 weeks. TFcr the next 8 weeks he fed the same
tcnkeys a mixed diet supplying 175 kcalsday. An analysis of

the rate of weight gain showed no differences con either



diet. Thus, the animals were consuming 75% more erergy
while addirqg tody weight at the same rate.

It is rard to exrlain all cf these results by just
ccnsidering food intakes. Clearly, some other control than
food intake is irvolved in the regulaticn of body weight.

In humans, a similar body weight stability is seen.
First Neugann (1902, see Miller, 1979), and then Gulick
{1922) , monitoring their cwn fccd intakes and body weight
changes, found that their body weight remained very statktle
despite large differerces in their fcod intakeé over long
rericds of tinme.

Miller and Mumford {1967), usirg first themselves as
subjects, and then student volunteers, found that zn
increase ir caloric irtake does nct necessarily have tc
create an increase ir bcdy weight ip man, Most researchers
agree that in the normal adult, lean-body mass remeinms
relatively ccrstant [Brczek, '963). If a normal adult
deliterately cvereats, then the cnly effect on weight should
be due to increased fat storage. It has been accepted ty
nutritionists that ! gram of fat is depcsited for every 9
excess calories (Miller and Mumford, 1967). However, Miller
and Mumford (1967) found that changes in body weight due to
overeating were not as great as wculd be predicted if the
eicess calcries were being stored as fat. In their study
one group ccrsumed a high rrotein diet and another group
consumed a lox protein diet. For fkoth groups enerqgy lcss in

urine and feces, body ccmgositicn, nitrcgen status and



activity vwere measured. It was fcurd that in both groups
the excess calories could not have been ccnverted to fat
according to the formula previously given. Sukjects eating
the high prctein diet ate an excess c¢f arrroximately 39,200
kilocalories and were found to gain an averaqge cf 3.7 kg
rather than 5.9 kg they wculd have gained if the eicess were
ccnverted to fat. In subjects ¢n a lcw protein diet the
discrepancy was even more apparent. Sutjects overate
approximately 35,230 excess kilccalcries and only put on an
average of 0.9 kg in tody weight. On the assuﬁpticn that
adipose tissue contains 66% fat, each ferson should have
gained 5.9 kg. Obviously the excess calcries were going
someplace ctter than irto extra becdy weight. The overeating
cccurred over a period of four weeks. Miller and Mumferd
suggested fcur possitilities tc explain the discrepancy
betveen amotnt eaten and relative stability cof trody weight.
The discrerarcy could bave been dve to increased activity,
reduced digestibility, changes in tkcdy compositior cr
increased heat production. Their measurements cf the first
three variatles elimirated ther as explanations of the
results., Thexrefore they concluded that increased teat
producticn rrctakly accounted fcr the excess calories
exrended.

Ashworth ({1962) gave either 1000 or 2000 calorie
surpliments tc¢ 5 voung adult men and women. Cver fpericds
ranging f£rem 7 to 35 days, it was found that tte calorie

suppliments did not reduce volurtary fcod intake. Also the



weigkt gain was much less than was expected given the
subject?!s calcric intakes. MNeasures of oxvgen ccrsumption
were not taker but it is reascnable to posttlate an increase
in dietary-induced thermogenesis as the mechanism tc explain
the fate o0f tke excess calcries. There are other 1eports
{Durnin and Nocrgam, 1969), which also failed tc fird the
predicted gair in bcdy wWeight with cverfeeding. However
there are repcrts that in overfeeding the excess calories
are all ccnverted to kody fat {(Passmore et al., 1¢t5).

Sims arnd his cclleagues {Sims et al., 1963; Sims et
al., 1968b; Sims et al., 1973) performed an imfrressive
series of human overfeeding experiments in which it was
found that the amount cf foocd eaten was not a good
indication of the magnitude of weight gained. In cne study,
{Sims et al., 1973), irrates at a Vermcrt rriscn veluntarily
cverate for extended rericds of time. Scme volunteers ate
7,000 to 10,000 kcalsday for pericds of more than 200 days,
which was ap excess cf abcut 50%, even fcr these individuals
¥ho uwere performing strenous work daily. <Cf the 9 subjects,
cne failed to reach the goal of a 2t5% increase, ané six
reached the gcal only with great difficulty. It was
rerorted that some of the subjects who failed tc gzin weight
readily were e€ating mcre thén sche subjects who readily
gained weighkt, Clearly tbe variability in body weight
increases uas not fully explained ty intake chamges. Alsc,
it was found ({(Sims et al., 1973), that the caloric cost of

maintaining elevated body weights in individuals wkc
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deliberately overate was very high. Sulkijects who maintained
body weight c¢r 1800 kcals/kg during a baseline pericd,
reguired 2700 kcal/kg to maintaip their elevated body
Weights.

Rose and Williams (1561) studied humans who were either
large or small meal eaters. The sutjects'! caleoxric intakes
varied from 1,600 to 7,400 kcals/day and they had Lcdy
weights which varied very little cver a lcng period of time.
They identified pairs of individuals whcse weights and
activity levels were the same, where ore individual ¥as
eating twice as many calories as the other. Clearly
individuals ¢iffer in the manner they dispose of eilcess
caloties.

These results, alcng with thcse of the animal studies
rreviously reviewed, demonstrate that in many cases, tcdy
weight stabkility canrct be due tc adjustments in fcod
intake. It seems that in order to understand the stability
of trody weight, energy exrenditure changes must be
considered. It could te the case that heat producticn, or
therrogenesis, acccunts fcr scre cr all of the excess
calcries during overeating. Such an adjustment cculd
explain the tcdy weight stability. Alsc, it could explain
why some individuals seem to ke altle to overeat frequently

vithout gainirg weight.
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JII. THERMCGENESIS

Jansky {1€73) divided thermcgenesis, or heat
rroedvw tion, into an %Yokligatory" and a "regulatcry"
component, MThe "obligatory" ccrrcnent cften is referred to
as the basal metabolic rate ({BMF) or the fasting heat
production (FEP), and is a measure taken in an animal which
is inp a fasted state and is awake kut resting. The
“"regulatory" ccmponent consists of energy used to digest
fcod and ccrvert it irtc a usable fcrm, maintain body
temperature in a cold eavironment, produce physical
rovement, create new tissve ({(grcwth cr rerair), fornm
cffspring, and nurse the young. Thermogenesis is neasured
either directly ty measuring the heat produced ty &n arimal
or indirectly Ly measuring the cxygen ccnsumed by an animal
and then calcrlating the equivalent heat producticr
(assuming a krcwe RQ).

Basal metabolic rate is very difficult tc measure
accurately, since it is defined as the energy cutrtt of a
sutject under very exact conditicrs, such as 12-18 hours
after a meal {in monogastric animals) when the sutject is
physically ard mentally at rest, irp a thermal neutral

ervironment and taking into accournt ccnditions with respect
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t¢ circadian rhythms (Garrow, 1578). Many investigators
find 1t easier to measure resting metakolic rate. Resting
metatolic rate, as used in this dissertaticn will refer to

the metabolic rate of a sukject that has been fasted 12 tc

19 hours, ard is at rest in a fhermal nevtral environment.

It is well-known that an increase in metabolic rate
cccurs after a meal. Initially, this was thought tc te due
to the enercy required to utilize protein and was called
srecific dynamic action (SDA). There still exists some
confusion tetween "specific dyramic actica"® and
"luxuskonsumption®, Neumann (se€e Miller, 1975) ccined the
term "luxuskcrsumpticr"® tc describe the rhencmenon in which
€xcess caleories are extrended as heat rather than converted
into fat.His vwork {and that of Gulik, 1922) descnstrated
that only 2@ sgall prcrcrtion of excess calories went into
becdy weight changes when he overate for periods ur to cne
year. He suggestéd that the cther excess calories vere
dissjpated as heat. Since Neumann, there have keer many
other reports cf luxuskcnsumpticn ip man {Miller et al.,
18670 Swindélls, 1972; Clough and Lurmin 1970; Brey et al.,
1974; Streng, 1967). Eoth SLCA and luxuskonsumpticr are
measured as beat prcdtced in respcrse tc fcod, but some feel
that SDA is related to the comrosition cf the fccd aﬁd
luxuskonsuerticn is related to putriticral status of the
subject (Miller and Mumforﬁ, 1973). Also, it is suggested
f@ that SDA is rct observed immediately after eating, kut is

? seen to peak after aprrcximately 2 tc 2.5 hours following a
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meal. Recently investigatcrs tave arqued that a distinction
betveen the terms is not useful and have suggested that bcth
phenomena shkculd ke regarded as dietary-induced
thermogenesis {DIT; Miller and Mumford, 1973). It is
important tc¢ understand that a change in BMR would not be
expected after eating apn excess of calcries and in fact some
investigatcrs have demonstrated this {(Miller et al., 1967;
Gulick, 1922; Strang €t al., 1935). ©IIT could be san
adaptive mechanism which develcts irderendently of EMR.
Variables which affect CIT éhould not necessarily te

expected to affect BMR.



IV. THERMCGENESIS IN ANIMALS

Lowered netabolisr is knowr tc contribute to the
cbesity seen in genetically obkese rats (Festing, 1979;

Cleary et al., 1980), and mice {(Vander Tuig et al., 1%580).

Hcvever, the question cf whether changes in metaboclism are
inmpertant factors in determining tody weight cf mcre
"normal" rats and mice is still unansvered.

Forbes and Rriss, working in the field of amirmal

hustandry, ccnducted a series cf exreriments showing that

total heat prcduction was a gocd measurement of feeding

efficiency in livestcck. They rerorted (Forbes et al.,
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1628) that heat production for cattle showed an extronential
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increase as a function of the caloric size of the neal.

They later (Fcrbes, Kriss, and Miller, 1934) demonstrated
the same effect with laboratory rats. When tke size of the
animal‘*s daily meal was increased frcm 4 to 6 g to 6 tc 8 g,

heat producticn was ircreased atouvt 160%. Thus, it was

shcwn that e3cess calories in a meal were expended as heat
Wwhen they were not needed to maiptaipn a ccnstant Lody
ueight. 1A later experiment ({Fortes et al., 1946) showed
that rats cn 1lcw fat diets as crpcsed tc diets of 1 and 30%

fat bad greater heat rrcducticrs ard a lcwer feed
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efficiency. Feat prcduction was shcwn to be affected by
bcth the size and the compositicn of the diet.

Miller and Payne {1962) okserved that rats ané¢ pigs
could maintzir a stakle bcdy weight ﬂhilg taking in an
excess of calcries. TIifferences in activity tetweer grougs
of rats eating¢ a high calcrie ard a low calorie diet could
nct explain why animals on the bhigh calcrie diet ccnsuned
30% more calcries and raintained the same bcdy weight as low
calorie diet animals. When the experiment was rereated with
pigs, the tigh calorie grcur ate 3 tc 5 times és many
calories as the low calorie group without showing weight
differences. ¢Since activity was ruled cut as the cause of
the caloric differences the experimenters hypothesized that
metalolic ctanges acccunted for the differences. Using pigs
as subjects they found that the major part of tike excess
calories was expended as heat through pcst-prandial
metaltolic ircreases, thus demcrstrating the role of DIT in
raintaining weight in those animals.

Stirlirg and Stock {1968) ccnfirmed the finding of
¥iller and Fayne using rats. Animals were fed eitler a high
protein (morzal stock diet) or a lcw prctein diet (the
normal stcck diet diluted with fat)., 9The animals on the low
Frotein diet ate much more than the high proteir arimals tut
maintained a ccnstart kcdy weight. There was a caloric
intake differemnce of 920 kilocalories over a 20-day period
tut the average tody weight of the lcw rrotein grotp was

crly one gram higher thanm that ¢f the high prctein group.
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Much of the excess energy v%as acccunted £cr in terms of
increased heat production of the low protein grcur. Over
the 20-day reriod they exrended 690 more kilocalories in
heat than did the high prctein grcur.

Rothwvwell and Stock (1978, 1979%a, 1979b,) rroduced
overeating in adult rats ty presenting them with a variety
cf highly palatable foods {"cafeteria" diet). Anisals obp
this diet tcck in 80% nore energy cver a 21-day period than
animals on 3 stcck diet, but had an average weight gain of
cnly 27% more than controls. They found that huch cf the
difference cculd ke acccunted fcr by higher heat production
of the rats cn the ""cafeteria" diet%. Heasurerents cf
resting oxyger consumtticn were taken at 4 times during the
21-day period (days 5,11,13,16). It was found that DIT
consistently was higher in the apimals on the "cafeteria"
diet. These results cffer mcre surpcrt fcr the argument
that dietary induced thermogenesis plavys a ma<or rcle in the
maintenance cf a statle bcdy weight.

Gurr et ql. {1979, 1980) replicated tke exreriment of
Miller and Payre ({1962). Using 4 castrate, male pigs they
ccnfirmed thé original findings of Miller and Fayne that
animals fed a low protein diet consumed three tires as much
€nergy as arirals on a bigh rrctein diet., There was no
difference in body weight between the twe groups, ltut there
was a significantly greater heat prcduction in the low
Frotein group. The body fat content of the lcw prctein

qroup (deterxined by carcass analysis) was significantly
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greater thar fcr the high protein grcug. Activity was not a
factecr since all anirals were restrained in metabolic
crates.

Current research ccncerning thermogenesis in animals is
involved with more closely documenting the thernoéeﬁic
respcnses tc cverfeeding, and tryirg tc explain the
prechanisms by shich changes in therrmogenesis cccur. Of
particular irterest tc these investigatcrs are diets which
rrodtce volintary overeatirg in experirental animals. The

use cf such diets will te explained in the nexf secticn.



V. DIETARY OBESITY

High fat diets

Several methcds cf rroducirg dietary obesity Lave been
used in rats. High fat diets sere fcurd to produce obesity
first in mice {Fentomn and Carr, 195!') and then in rats
{Mickelson, et al., 1955). The exrlamation of. the resulting
ctesity vwas ttat it was dve to a combinaticn of overeating
{Corbit and Stellar, 1964; Schemmel et al., 1970; Eamiltcno,
18964) and c¢f the animals beccmirg umcre efficient in
ccnverting the energy eaten into rody fat {Schenrel et al.,
1972b) .

It is interesting tc ncte that there vwas a great deal
cf variability in the magnitude of the tody weight increases
when a high fat diet was given (Schemmel et al., 1€70;
Delacy, 197%), and that sore animals were reported to have
become obese without increasing food intake (Herberg et al.,
1974; Lemcnnier, 1973)., Ferales alsc were reported to be
less efficient in depositing the energy taken in as Lody fat
than were males {Scherzel and Mickelscn, 1574 .

When given to weanling rats, a high fat diet produced
obesity, but only after a delay of approximately €( days

{Schemmel et al., 19€S; Peckhar et al., 1962; lemonnier,
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1972). ‘The reason fcr such a delay is unknown, bttt rats
given_the diet at wearing reach higher levels of body weight
than animals given the diet only during adulthccd (Peckhar
et al., 196z). Peckham et al. [(1962), also have found that
young rats given a high fat diet are predisposed tc obesity
even i1f the diet-is withdrawn a short time later.  DeCastzIc
and BEalagura (1976) fcund that rats given a high fat diet
increased the size and duration of meals and decreased meal
frequency.

High carbohydrate diets-

High carlchydrate diets alsc have teen fcurd tc
increase tcdy weight ard bcdy fat ir rats (Allen and leahy,
1866) . Kanarek and Airsch (1977), found that rats giver ad
lit. access tc a 32% sucrose scluticn in addition to ad
lir. access tc chow ard water becare obese. Cvereating was
seen consistently in animals qgiven a high carkchydrate diet
[Kanarek and Eirsch, 1¢77).

As with a hign fat diet, giving a bigh carktchydrate
diet to weanling rats resulted in a delay in onset cf
okesity. This delay was reported tc be about 50 days
{Ranarek and Birsch, 1977). Kanarek and Hirsch alsc fcund
that at 70 days of age, rats given ad 1lidb. access to the
32% sucrose solution ir additicr to ad 1lib. access to chow
and vater were not heavier thap comntrols, but had
significantly zcre tcdy fat. Heggeress [19€1), found a
similar delay in body weight increases in weanling rats

given a 60% carbchvdrate diet. Oxygen ccnsumption
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measvrments were takenrn in that study ané the results
suggested tlat there was an upper lipit in body weight
increase dviing that period and that the excess calcries
vere expended as heat.
Supermarket diets

i particularly gccd way cf rreducing dietary ctesity
was introduced ty Sclafani and Efpringer (1976). FKeferred to
as a supermarket diet, cafeteria diet, snack focd diet, and
occasionally “unk-fcod diet, it ccnsists of presenting the
animal with & variety c¢f ralatable fcods. Usuélly the foods
are changed frequently. Some foods comecnly used are
cookies, rpeanut tutter, candy, bananas, cat food,
marshmallows, and sueetened condensed milk. Exposure to
this diet has teen repcrted tc rrcdice dietary cbesity in
adult rats {Fcthwell and Stock, 1979t; Sclafari ard
Sgringer, 1976; Sclafari and Gcrman, 1977), and weanling
rats (Rothwell and Stcck, 1S80; Sirrsom et al., 19RD).

Body weight. Adult rats consistently increase their

Yody weigbts wher givern access tc a supermarket diet. 1The
increase in tkcdy weight is gquite rarid and occurs in both
rales and females. Several studies have demcnstrated that,
compared tc ccntrols eating a standard labcratory diet,
supermarket diet animals demonstrate rapid tody weight
shifts. Male rats given a supermarket diet were reported to
be 15% heavier than controls after 15 days {Rothwell and
Stock, 1979t), and 27% teavier thar ccntrols after Z1-days

{Rothwell ard Stock, 1€7%a). Female rats were reported to
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te 35% heavier after 60 days (Sclafani and Springer, 1576) .
Sclafani and Gorman (1977) compared the weight gains of male
and female animals given a supermarket diet for 690 days.
Male animals cgainsed 232% nmore ueight than rale controls and
ferale animals gainsed 171% more weight than ferale
centrols. Thus, females gained mcre weight as compared to
ccntrols than did males. There are, however, ccnsistegt
reports of very large variability in the amcunt of weight
increase seen in animals on the supermarket diet (Sclafani
and Springer, 1976; Sclafani ard Gerrman, 1977:'Rothuell and
Stock, 197St) . The anmcunt cf seight increase experienced by
supermarket diet animals probakly depends to a larce extent
on the exact ccmpositicr cf the diet, but seems also to
deprend on scme other factor withim the animals.

Food irtakes. Tke mcst cbvicus explanaticn of the body

veight increases is that animals cvereat the palatalle
foods, prcducing dietary cbesity. F%hen the palatakle foods
are withdrawn, animals decrease their caloric irtakes tc
return to lcwer lrody weights. The fcods in the supermarket
diet are uswvally just put on the floor of the cage cr gput in
irdividual fccd dishes. 1The spillage and mixing of foods
invclved makes accurate measures of caloric intake
difficult. Hcwever, in those cases where food intakes were
reasured, suvpermarket diet animals were definitely
hyperphagic (Rcthwell ard Stock, 197%, 1979b, 1S€0). ‘The
degree of overeating varied from 75% over 22 days (Rothwell

and Stock, 1979b) to 80% over 21 days {Rothwell ard Stcck,
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1979a) . In the other studies using a supermarket diet,
investigatcrs have repcrted that it seemed apparent that
supernmarket diet anirals wWwere cvereating as compared to
ccntrols. Fothwell and Stock {1979a, 1979tk), fourd that the
degree of hyperphagia was such that greater weight increases
sheuld have cccurred ir the surerrarket diet animals. They
argued that energy expenditure must have teen increased in
those animals.

Body fat. There is good agreement that puch cf the
weight gair seen in arirals eating a supermarkét diet
represents ircreases in bcdy fat {Sterhens, 1980; Fothwell
and Stock, 1979a, 1979r; Sclafani and Gorman, 1977).
Rethwell and Stock (1979a) repcrted that 93% of the excess
weight gain ir their arimals fed superrarket diets, was fat.
Sclafani and Corman {1977) reported than males eating the
supermarket diet becaze as ocbese as females when body fat
vas extimated using the Lee Index.

Thermcaoeresis. Rcthwell and Steck {1979) argque that

differences ir heat rrcducticn acccvrt for the larce
variakility cf weight gair seen in anpipals given a
supermarket diet. They arque that since all arimals were
hyperphagic ard there were large differences in body weight
increases, that there must also ke differences in erergy
expenditure. The mcst reascnable explapation of the weight
increase differences seems to Lke that heat productichs
varied for the animals cavsing variability in weight

increases. This, according to Fothwell and Stock, explaineAd



23

why the animrals fed surertarket diets, ccnsumed 8C% more
epergy than ccntrols and yet gained only 27% more ueight.
Garrow and Stalley (1975) have argued that energy
expenditure tkrough heat rroducticn increases or decreases
in crder to maintain a statle fkody weight.

Rothwell and Stock {1979a) £fcund a consistent 20 to 30%
difference in resting cxygen ccpsugrticn throvghout the
pericd of weight gain, with the animals fed surpernmerket
diets, havirqg a fkigher ccrsumrticn. Resting oxygen
ccnsumption %as measured for two hours on days'5,11,|3,and
16 of the diet availaltility. Nc¢ infcrmaticn was reported
ccncerning when measuregents cf oxygen consumgtion occured
relative to meal times. In a second study, Rothwell and
Stock (197St), found nc differerce in the resting oxygen
ccnsumpticn ¢f animals fed supermarket diets, as ccmpared to
controls durirg the time the animals wer: eating tte
supermarket diet (22 days).

Withdrawal of supermarket éiets. The dietary ckesity
rrodwed by supermarket diets also has been rerorted to ke
reversible. Many investigators have reported that Lody
weight in crimals fed supermarket diets, returns to levels
cf centrol animals when the supermarket diet is withdrawn.
The return tc the lower bcdy weight levels seems also to
cccur very rapidly. Sclafani and bis cec~werkers fcund
énimals fed surermarket diets, lcst the excess weight gained
cn the diet by 25 to 30 days after withdrawal cf tte

supermarket diet {Sclafani and Springer, 1976; Sclafani and
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Gorman, 1977). Rothwell and Steck {1979%b) found that the
excess weight was lost by 14 days after withdrawal of the
supermarket dief, and Stephens {1980) reported the excess
weight lost ty 100 days after the diet withdrawal. Hovwever,
there vwere exceptions {(Rolls and Rowe, 1977, 1979, 198)0).
In one study Folls and Rowe {1977) reported that weights cf
animals fed surermarket diets, did rct return to levels of
ccntrols, even by 18 weeks after diet withdrawal. These
animals alsc defended their nev higher bcdy weights if
challenged by food deprivation. Cne problesx ih cciparing
this study with the others mentioned is that Reclls and Roue
used male htccéed rats rather than Sgrague-Dawley rats. It
is vwell known that there are strain differences in weight
gained on tigh fat diets (Schermel et al., 1970), and it is
likely that there are strain differences in effects of a
supermarket diet on body weight.

some studies have examined the effects of rereated
bcuts of access to a supermarket diet fcllcwed kv & pericd
of access tc cnly ladb chow cn stbsecuent weight gains when
the supermarket was reinstituted. Sclafani and Srringer
[1676) rercrted that animals fed surerrzarket diets, which
were food deprived to €0% of the ad 1ik. bcdy weights
experienced greater weight gains than their origirsl
increases, whern returped to the surermaitket diet. Scalfani
ard Gorman {1977) reported that older {174 days of age)
adult male ar¢ female rats gaired mcre vweight over the sanme

time period on the surermarket diet than did younger (84
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days of age) adults. 1In fact, for animals 174 days of age,
the veight cain was nct any differert fcr animals which had
had one previous period of supermarket diet feedirc {frcr 84
to 144 days c¢f age) thkan for arimals withcut previcus access
tc the supermarket diet. Fothwell and Stock (1979cz), alsc
reported that repeated periods cf access to the surermarket
diet did nct affect tke arimals!' weight lcss when the diet
subsequently was withdrawn.

When calcric intakes were peasured after animals vere
taken off of the supermarket diet, EFothwell and Stcck
(197Sb) fourd nc difference betsween supermarket diet and
ccntrol animals over the first 12 days after diet
withdraval. Pcvever, during thcse 12 days the body weights
cf the aninmals fed surerrmarket diets, returned to ccntrol
levels. It uas concluded that reduced caloric intakes cculd
not account ertirely fcr the reduced bcdy weights of animals
fed supermarket diets, after the diet withdrawal. Imn a
second study, Rothwell and Stock {1979b) regported that
althcugh tbe zpimals tecame hypcphagic after withdrawal of
the supermarket diet, it was not enough of a reduction tc
explain the weight Ilcess,

Also, there are reports that when the supermarket diet
is withdrawr, animals teccme less cbese., BRothwell and Stock
{1979) fouvnd that animals with access to the surperrarket
diet for 22 days were significantly fatter tham ccrtrols.
Bowever, 1% days after the diet was withdrawn, the animals

were not fatter than controls. Stephens (1980) mezsured
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body £fat 100 days after supermarket diet withdrawal in rats
which had beer eating the diet for 100 to 130 days and
reported tley were sigrificantly leaner than ccntrols.
Ro~thwell and Stock {1979a, 1979k, 1978) have
consistently reported that animals which have become otese
cn‘the superparket diet had higher resting oxygen
ccnsumption rates than controls over the first few days cf
supermarket diet withdrawal, Ir cne study {Rothwell and
Stock, 1978) they found that animals fed superrarket diets,
had a significantly higher rate cf c3ygen consﬁmption oOvVer
the first 3 days after diet withdravwal as compared to
ccentrols. TLuring those 3 days, the animals fed surermarket
diets, lost U4C% of their excess bcdy weight even though food
intake was slightly, though non-significantly tighker than
controls., Ir a seccnd study, {Rcthwell and Stock, 1979bh)
they reported that resting oxygen consumpticn increased 24%
over contrcl rates during the first 3 days cf supermarket
diet withdrawal. But, 7 days after diet withdrawal,
consumpticn rates were no different fror contrcls. In fact,
consumpticp rate for the animals fed surermarket diets, was
even lower than during the period of access to the
supermarket diet. In a third study {Rcthwell and Stock,
1979%a) , they reported that animals e€ating the superrarket
diet had a higher DIT than controls and this higher DIT
remained righer after the supermarket diet was withdrawn.
Hcwever, DIT %as not measured prior to grour formaticn and

the supermarket diet grcur cculd have had signficantly
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higher oxyger consuppticn rates tc begin with. This
pcessibility is not unlikely in view of the great irdividual
variability in DIT. Thus their argument than DIT is
independent cf the irnmediate erergy intake is not
ccnclusive.

The rarid increase in body weight that occurs when a
surermarket diet is given, and the equally rapid decrease
that occurs wten it is withdrawr prcvides a gocd model for
studying the’chanqes in energy intake and expenditvre in
this type cf dietary ckesity.

Supermarket diets in ¥eanling rats. TFevw studies have

examined tke effects c¢f a supermarket diet in wearling rats.
Rothwell and Stock (1S€0a), gave 33-day old male
Srrague-Davwley rats a supermarket diet for 14 davys. Animals
With access tc the surermarket diet did not gaip mcre weight
than controls during this rericd desgite consuming 50% more
energy. However, expenditure, as measured Ly resting cxygen
consumpticr, was sigpificantly bigher fcr the animals on the
supermarket diet than for controls.

Simpscr €t al., (19803, 19€1) zerorted that there was a
delay in the cbesity produced ty giving a supermarket diet
to weanling rats. Female Spraque-Dawley rats were weaned at
21 days of &ge and given access tc a supermarket diet.

There was no difference between body weights of the anirgals
fed supernmarket diets, and ccntrols urntil 57 days of age, at
which time the animals fed supermarket diets, were

significantly beavier.



28

Meal patterning. Lakoratory rats pnormally eat 8 tc 14
spall meals per day when food is always available (Sclafani,
1979), and there is some evidence that the gain in kcdy fat
is greater cn the same focd intake if large, rather than
spall meals are eaten (Falkry, 1967). Pocknee and Eeatcn
{1976) , alsc provided evidence that cther changes may occur
with differirc meal ratterns. They studied the effects of
large versts small meals in male weanling Wistar rats.
Althcugh the tctal amcunt cf fccd ccosumed over periods of
24 tc 75 days did not differ tetween groups, ahimals eating
one large #e¢al had heavier livers, kidneys, femurs, small
intestines, and stomachs that anirals eating sealler,
frequent meals. The differences were fcupd to be permanent
and persicsted into adulthood in the animals. Such -
differences suggest that the pattern of focd intake may have
effects on metabolism of the animals. Giving the
oltesity-prcducing diets may alter meal ratterning in the
animals. This could ke evident in the supermarket diet
whict the arimals otvicusly fird very ralatable and begin
eating as socn as it is put into the cage. Suct

pmeasurements cf meal patterning in these animals need to Lbe

rerfcrmed.




VI. EXERCISE IN RATS

Studies cf overfeeding aprear to illuminate situaticns
in which tcéy weight stability carnct be exrlained by
exanining focd intake. Studies of the effects of execise on
Lody weight ard on energy irtake and expenditure may
illuminate other situations in which changes in erergy
expenditure are very important factcrs in energy talance.

Several studies have examined tike effects cf exercise
on body weights, food intakes, and rody compositicr in rats.
There is puchk mcre agreement abcut the effects of exercise
cn bedy weights and body composition than atout tke effects
on food inakes. The effects of vcluntary exercise have been
examined by giving rats access to a running wheel. Levitsky
et al. (1€7C) fcund that there was an ipitial weight loss
vhen male albino rats were given access to a rumnnirg wheel,
tut that the weight lcss was recovered entirely within 2
days. PFood irtake decreacsed ard remained lcwer fcr several
days, after vhich it returned to levels of contrcl anirals.
Over a pericé cf 18 days, fcocd intakes of the exercising
animals were not significantly different frcm centrol

apimals.
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Premack and Premack {1963) found that daily fccd intake
of female Srprague—-Dawley rats was reduced when given access
to a running wheel. When access tc the wheels was denied,
daily intakes increased. They interpreted the resvlts as
suggesting that the arimals were increacsing eating to
ccnpensate fcr being deprived of another activity, running.

The situation seers screwhat differert for forced
exercise. Mayer et al. {1954) olserved that rats forced to
exercise 1 tc 6 hours rer day, increased their food intakes
Fropertional to their increase in exercise. Léss than 1
hcursday of exercise resulted in depressed intakes and
decreased trccéy weights. Ccllier {1970), suggested that when
the execise (either forced or voluntary) was withir the
animal's normal range of daily enerqy expenditure that
energy intakes did nct kalance energy expenditure.

The consistency of reports that exercise suprressed
appetite ir male rats and enharced arpetite in female rats
led many investigators to conclude that the issue was
resolved. Hcwever, when studyirg hcw an animal regulates
energy balance, one is not so much ipterested in wtether the
aksolute level of fccd intake ircreases cr decreases with
exercise, as in how the energy consumption and exgpenditure
per unit cf tcdy mass changes %ith exercise. It is
essential tc correct the amount of food e€aten fecr the bedy
weight of the animal when expressing food intakes if cre is
tryirg to study how tke rat requlates energy balance, This

ccrrection has not been done.
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For examrle, Hanson et al. {(1967) swar rale Ristar
rats for 30 wmirutes +twice daily. They reported thet
exercise led to lower tcdy weights regardless of whether
animals were maintained on high or low fat diets ard
regardless c¢f whether animals cn each of those diets were
fed ad 1lib. c¢r were restricted to 65% of ad 1itk. intake.
They reported no difference in calcric irtake Letween
exercised aré sedentary arimals. Hcsever, they exrressed
caloric intakes as total kcal eaten, without adjusting the
intake for tke tody weight of the arimal. Sinée there was
an difference of approximately 80 g in tcdy weights of
exercised vs sedentary animals, this couvld reflect a higher
cverall intake for the exercised animals when intake was
expressed as kcal/kg cf body uweight.

Stevenson et al. {1966) svwam male Sprague—-Dasey rats
for either 1, 2, or 4 hours/day. Ecdy weight increased
significantly mcre cver a 4-week pericd fcr controls than
fcr exercised animals. Body weigbts did not differ fer
animals swirring 2 ve 4 hcursysday, but weights of toth of
these grocvps vere lower than those of animals swiraing cnly
! hour/day. It was reported that fccd intakes were
cignificantly lower thamn controls for animals swingsing ! cr
2 hourssday ard vwere rc different frcm ccntrols for animals
s¥imming 4 hotrss/day. All food intakes were exgressed as
gramyday and were nct adjusted fcr becdy ueights of the
anipals. Cnly mean group intakes and mean groug tecdy

weights at the begirnirg ard end cf the U-week period were
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reported. PBut, if the nean intakes are adjusted with the
gtean body sweights and expressed as grams of food/kg of body
weight, thenr food intake increased with length c¢f exercise,
at least durirg the last five days c¢f the experiment.
Sedentary animals had the lowest food intakes durirq this
period. It is impossilkle to evaluate whether the
differences were sigrificat formz the data reported in the
pater, but it is likely that at least fcr the greour swimaming
4 hours/day ttat focd intakes swere significantly higher than
fcr controls. It does not seem tov te the caseAthat focd
intakes were reduced ir ary of the eXercised grcups.

Oscai et al. (1969) swam male Wistar rats fcr 2
hourss/day apd found that exercise produced lowered tody
weights., 1Tley reported ttat exercised animals ate
significantly less than sedentary animals, tut again,
intakes were rct adjusted for the becdy weights of the
animals. If intakes are adjusted for tcdy weight, using the
groutr means repcrted fcr each, exercised amnimals ate
considerably more than either sedsntary free-eatirg ccntrcls
or sedentary epnimals rair-fed with exercised animals.

Oscai et al. {1€71a) swam male Wistar rats fcr 6
hours/day. Tlrey reported that the exercised rats qgained
weight more slcwly thar ccntrols and that intakes cf
exercised animals were not different frcm ccntrols. Again,
intakes were rct adjusted for bcdy weight and, if =o
dadjusted, wculd result in exercised anirals eating

ccnsiderably more than sedentary animals.
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Swimming in female rats has teen consistertly regorted
not to result in body weight decreases. The reason why
exercised females do not have reduced tody weights has been
reported tc e tecause they increase their food intakes to
rrevent body seight losses or slowed growth (Oscai et al.,
1971a) .

Oscal ané his co-workers have examined the effects of 6
hcursrday of svimming in female Wistar rats. They reported
that female exercised anismals gained weight at the csame rate
as females sedentary animals and that the incréaseé caloric
intakes of these anirals accournted fcr this observation
{Cscai et al., 1971a). In a second study, ferale FKisar rats
were swvam fcr 6 hours/day for 21 weeks. Again, body weights
did not differ from thcse cf ccntrcls and caloric intakes
were significantly higher for exercised animals. Adjusting
intakes fcr tcdy weigit should rot rmake any difference in
the results of these studies since tody weights of the
groues did pct differ.

Crews et al. {1967) swam female Wistar rats fcr 2
hours daily. No difference was seen betucen the bhcdy
seights of those animals and caontrols.

Forcec¢ rtnning has been regcrted tc have effects
sigilar tc forced swimming in male rats. Thomas ard Miller
(1958) studied the effects of lcng-term daily treadmill
renning of ¢r to one mile per day on male Sprague-lawley
rats. They fcund that tody weight and food intake were

reduced wkenr the rats were exercised, but that food intakg
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tecame higher than that cf ccntrcls cn the days the animals
Were not exercised. The overall weekly food ccnsunmgticn sas
not céifferert for exercised and sedentary males. If the
fccd intakes had been expressed as grams of food/kc¢ of body
weight, it is likely that intakes of exercised anisgsals wculd
heve been sigrificarntly higher.

Dohm et al. (1977) forced male altinc (Holtzman) rats
to run on a treadmill at cne c¢f three intensities: 20 m/min,
27 o/min, cr € m/min, All rurning was done fcr 1 hour/day
fcx 6 veeks. There vwere no body weight differénces amcng
any cf the grcups in the seccnd week, but in the fourth and
sixth weeks becdy weights of all exercised animals were
significantly lcvwer tkar tody weights of a sedentary control
grcur. There were no tody weight differences amorng the
exercised grcugs. Alsc, it was reprcrted that fcod intake
was significantly reduced in all exercised grougs during the
second, fcurthk and sixth weeks cf the study, and that there
vas no difference in intake due to intensity of exercise.
Bowever, wlter intakes are expressed as gs/kg of body weight,
vsing the mean values for intakes and body weights reported,
a different pattern is seen. Iuring week 2, intakes of
control anigals are hicher thar f£cr the three exercised
grcugs. The largest difference was ftetveen the ccrtrel
group and the grour which ran at the hiqhest intensity (3§
p/min) . TCrring the fourth week, the highest intakes were in
the group rurring at the medium intensity (27 ©/mir). The

intakes of the ccntrcl grcuop ard the grctp rurning at the
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highest intensity virtually were identical. The lowest
iptakes were in the group running at the lowest intencsity.
During week 6, the intakes of the animals running at the
highest intensity were 2% hiqher thar ccntrols and intakes
cf arimals rvnning at the medium intensity wvere 1'% higher
than controls. Intakes cf anirals running at the lowest
intensity vwere 4% lovwer than corntrols. In summary, animals
running at the lowest intensity consistertly ate less than
centrols ir all three rericds ¢f measurement, while animals
exercised at the medium and highest intensity éte as much cor
more than ccrtrels during the last twe rericds of
reasurement.

In a seccnd experinent, Dchmn et al. (1977) ccmpared
bedy weights and food intakes of the grcup running 35 m/min
with those of sedentary controls ané with those cf a grour
of sedentary apimals which were pair-fed with the exercised
group. They found that the body weight difference lketueen
the pair-fed apimals ard the sedentary ccntrol animals was
greater than the difference Lketweeen the exercised and
sedentary ccntrol animals. They arqued that the depressed
fccd intake could have played only a minor role ir the
lowered bcdy weights c¢f the exercised animals.,. Hovwever, the
rair-fed animals probakly were rfed the same fccd ir granms
rather than in g/kqg as ccrrared to exercised animals, so the

argupent of the authors does not seem justifialle.
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RKatch et al. {(1979) using male Sprague-Dawley rats
forced one group to run opn a treadrill at 5 m/min (low
intensity groctp) and one group to run at 16 m/ein (high
intensity grcur). The exrerimert was divided into £ periods
cf five days. BMnimals exercised only during the second ard
fourth 5-day reriods. It was found that gaim ir kcdy weight
over the S reriods was sigrificantly greater for the
sedentary than for either exercised group. The weight gains
did not differ for the twc exercised grcups. They also
reported that food intakes ({even wvwhen expressea as kcal/granm
of body weight) did not differ among the three grcups during
any of the three pericds cf nc exercise. During toth
rericds of exercise, Ltoth groups ate significantly less than
controls. Ir acditicn, the lcw intensity group ate
significantly more than the high intensity grour during bcth
exercise pericds.

Crevs et al. [{1969) forced male Wistar rats tc run c¢n
a treadmill fcr 12 weeks., The intersity began at 22 m/min
for 20 minutess/day and gradually was increased over the
ccurse of the experiment. Turing tte fimal 3 weeks, the
rats were rurning at 31! m/min fcr 2 hoursyday. TRats were
given either daily exercise, pair-fed with the exercised
group, or fut into the sedentary control group with ad 1ib.
feeding. 1Ir additicn, cne-half of the amnimals in each group
ate a normal diet and one-half ate a prctein-deficient diet.
Exercised erimals orn tcth diets gained weight sloser than

sedentary ccntrols. It was rercrted than food intakes were
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significantly lcwer fcr exercised arimals cn either diet
than for sedentary contols. But, intakes were not adjusted
for tody weights. Nct encugh ipfcrrzaticn was givem in the
rarer to estimate what difference such an adjustrert would
make.,

Nance et al. {1977y forced male and ferale
Spraque-Dawley rats tc rur cn a treadmill fcr up to 1 hrvsday
fcr seven days. They concluded that tody weight atd fccd
intakes were reduced for males, tut not for ferales. They
expressed fccd intake as change frco a baseliné period of
reasurement, and also in comparison to sedentary ccntrcls.
Hovwever, durirg this baseline rericd bcdy weights uwere
identical for exercised and sedentary animals. This was not
true after the exercise began. Thus, exrressing fcod
intakes in grars only did nct give ar accurate picture of
the effect of exercise on food intake in tbhe lighter
exercised nales.

Certainly the studies -just summarized have failed tc
consider tke effect c¢f exercise cr fccd intake frecm an
enerqf balance viewpoint. It would ke a mistake tc accerpt
as truth tleir reports that exercise sugppresses appetite in
male rats. In fact, it is very likely that exercise has
just the crrcsite effects on fcecd irtake in méles.

There hatve been many more studies of exercise in male
rats than in female rats. This is due in part to the
accepted finding that females, unlike males, are akle tc

increase their food irtake to nmeet the edcess energy
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expenditure cf exercise. Bcdy weights inp females have not
been reduced ty exercise of short duration {(Crews et al.,
1967) or of lcnger duration (Cscai et al., 1971; Oscai et
al., 1973). 1In these studies, the intakes of the exercised
animals were higher thanm those of sedentary contrcls. .

Swinmrirg consistertly has led tc reduced amounts of
Ycdy £fat derosition and seems t¢ e very effective in
reducing the increase in tody fat associated witt ascing
{Bansen et al., 1967; Oscai et al., 1971; Cscai and
Bollcszy, 1S€€¢). .

In addition, Kral et al. {1974) reported that thysical
training cc¢uld increase fat cell metabolism in the rat.
Using male Sprague~Dawley rats, they fcund that animals
which swam for 1 hours/day had lower tody weights than either
sedentary ccntrcls cr animals which sere given ocne
exhaustion swim. This decrease was due in part tc a
decreased fat cell size. Such a decrease was not seen in
either the sedentary group or the group given cre exhaustive
swim., Morecver, it was fcund that the size, rather than the
number of fat c¢ells changed, resulting inm a 3% reduction in
fat rad weickt. The authcrs suggested that the decreased
fat cellsize indicated enhanced lipclysis in the smaller fat
cells. Thte, long-term training may have prolcngeé effects
on fat metalbclism whict is not seen insedentary animals

exposed to temporary touts of exercise.
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Penpargkul and Scheur ({197(C) otlserved changes in
metalolic rerfcrrance in the hearts of male Sprague-Dawley
rats during fcrced exercise. 9They ccncluded that rats
ccenditioned by daily swimming had increased corcnary flcovw,
as compared tc sedentary ccaontrcls. This resulted in
increased oxygen consumption during stress in the
conditioned arimals, giving ther an increased maximum
aerobic capacity.

The effects of fcrced rurring ¢n bcdy composition have
been reported to be similar to those of forced.swinming
{Pitts and Bull, 1977). 1The gvesticn cf whether the body
weight reduction seen in males includes lean btody gmass alcng
with fat is urclear. 1There are scme reports that lean body
mass decreased with exercise (Fitts and Bull, 1977; Oscai
and Holloszy, 1969) but cthers rercrted a relative increase
cf lean body mass with exercise {Cress et al., 1969; Cscai

et al., 1973).



VII. THERMOGENESIS IN MAN

A growing grour cf irvestigatcrs are of the crimion
that changes in metatolic rate are an irportant factor inm
the energy talance cf ran, and that they serve to keep body
weight stable. The exact nature of the metatclic changes
that occur, tte mecharisms by which they cccur, and the
irstances in vhich they occur are not fully understcod.
Even among tecrle who telieve that therrcgenic changes are
ispcrtant in energy balance in man, there is disagreement
about how much thermogenesis can change and what
precipitates tte chances. Alsc, almcst every study of
therrogenesis in man has found large individual differences
in tbe magnitude of thermcgenic changes with differing
levels of nutrition. Until the reasons for this tkigh
variability is understcod the full inpcrtance of metabolic
changes in man will not ke known.

The exreriments summarized in this section examined the
irprortance of changes in metabolic rates in ackievirg energy
talance in mar. Three maicr hyrctheses will be ezamined.
First, some people believe that dietary-induced
thermogenesis increases in scme orderly fashion with the

caloric size cf the meal. Seccrd, many feel that over or

49
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undereating fcr extended rericds c¢f time induces a metatolic
adaptation. Third, there are those who Lelieve that
thermogenic c¢ifferences can be found between individuals of
ncrmal body seight and those who are otese. This ¢ifference
in thermogenesis could exrplain the ease with which socae
recrle gain weight.

One suggestion of the role of dietary-induced
therrogenesis in energy balance is tkat it increases in scne
orderly fasticr as more excess calcries are consumed during
a meal. ¥iller and Mumford (1967) overfed a gfcup cf 16
young adult men and wcken for gpericds cf U4 to € weeks.
One-half cf tle subjects ccnsumed a lcw-protein diet ({15%)
and cne-half consumed a high protein diet (28%). Suljects
tock in atprcximately 1,4C0 kcalyday mcre than normal. The
svbjects cn the high protein diet gained an average of 3.7
kg cf body weight as compared with a theoretical gainm cf 5.4
kg. For suljects on tie low-rrcteir diet the gain was 1.1
kg as compazxed to a projected £.0 kg if the extra calories
were converted tc adigcse tissve. The experimenters cculd
not explain tteir resvlts by ircreased activity, reduced
digestibility, or changes in body temperature. This
suggested tlat the extra calcries vwere expended as heat.

In a follow up experiment using some of the sarne
sukjects, Miller et al. {1967) descrstrated an increased
heat producticn in ‘their suljects after they ate nmeals cf
varying calcric size. Using '1 advlt men and women, they

fcund the thermic response to the meal increased
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exponentially as the caloric ccrtent of the meal increased.
Mcreover, the increase in heat production was greater uwhen
the sutjects exercised 30 minutes before and after the meal.
Meal size ranged from 370 to 3,200 kcal and the rarge cf
daily caloric intakes was 3,450 to 4,450 kcal. Ttese
results surrcrt the nction cf dietary-irduced thermogenesis
as an important mechanism in maintenance of a statle kcdy
weight and in energy talance ir general.

Swindells (1972) conducted a series of experiments
which measured the cxygen ccnsuipticn of ten uémen after
ccnsuming meals of 230 to 1200 kcal. 1In one exreriment, she
found the tlermic respcnse to a meal was unrelated to the
caloric size cf the meal. Meals fcr each subject vere f/9,
173, or 1/2 of the daily allowance of calories, arg cxfgen
consumpticr was measured fcr 3 hcurs after the meal. 1In a
seccnd experiment, two women weighing 56.4 and 47.2 kg
respectively, vwere given neals cf first 600 and then 900
kcal., Two adéitional wcmen (weighirqg 76.6 and 66.7 kg) were
giver meals of first 800 and then 1200 Kal. Daily
allcwances fcr the twc lighter subdjects were 18{0 kcal, arnd
2400 kcal for the two heavier suljects. The results showed
that for each individval there was a greater therric
response t¢ tte larger meal. BRray et al. {1974) varied the
calcric size of a breakfast given to 6 adult mer, and
reasured tle pcst-prardial thermic resrcnse. 0xygen
censumptior veried im all subjects after the variots meals

but the calcric size of the meal tad no effect c¢u the
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increase. When the sulkjects exercised for 30 minutes
follcowing breakfast the thermic resronse was higher than
following tte same treakfast withcut exercise. TFor subjects
eating breakfasts of greater tham 1,000 kcal, exercise
approximately dcubled tte thermic resgcnse. Hokever, one
sutject ingested only 3250 kcal and in this case no
additicnal increase in thermic resgonse was seen with
exercise., 1This study demcnstrated an increased thermic
respcense after eating, but did not show that the Eragnitude
of that resgcrse was related tc calcric size of the meal.
The studies summarized above all provide suprpcrt fcr
the notioq cf an increased heat production after eating.
However, tltere is nc aqreement as tc whether the magnitude
cf that resgcnse is related directly to the size cf the
meal, In ccoraring the results ¢f Miller et al. {1967) ,
vhere the increase in heat production was related directly
to size of the meal with the studies of Swindells (1972Z) and
Eray et al. {1974) , wtere there was nc relationship, some
rethcdological differences can le seen. TFirst the neaT;
used by Miller et al., vwere a tigher prcrcrtion of normal
caloric intake than thcse ir the cther two studies. 1In
fact, in Swindell's study, the meal with the kighest calcric
content was alkcut 53% c¢f rorral daily intake. DIT, as a
mechanism to maintain a stable body weight, would te
exrected to ke most evident as more e€xcess calcries wWere
€aten. In the study c¢f Bray et al., there uwere only 3

different size meals even though it would be expected that
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mcre of an increase in thermogenesis would cccur it'the
larger (3000 kcal) meal.

Another difference among the experiments is the
measurement cf cxyger ccnsumgpticn., Miller et al., divided
the day intc 5 periods {beginning at 0806 hr), of 5,6,5,4,
and 4 hours. During thke first 2 reriods an-integrating
mctor pneumotachographk {IMP) was wein £c¢r approlimately
cne-half of the period. Turing the final 2 periods, cxygen
consumrticr was measured using a Beredict-Roth aprparatus.
Bray et al., collected small sanmples of air in.a
meterological ballocn. The air was mixed and the cxygen and
carton dicxide concentrations sere neasuvred. Swindells used
a Douglas Eag to make her measurements of resting cxygen
consumpticn. Measurerents were taken fcr 2 hours after
meals., Thus some of the variatility im results cculd have
teen due tc different methods teing used tc analyze oxygen
consumpticro,

It is not clear exactly what the relationshir is
retween magritude of cvereating and thermic resronse in
ncrmal or okese individuals. The only thorcugh data were
those of Miller et al., (1967), which ipdicated an
exponential relationship. Certainly more studies zre
necessary ir crder to ccnpletely understand such a
relaticnshir. Such studies shcuyld be relatively easy to
ccndtct in roth normal weight and olkese individals. It is
surprising thet little is knowr abkctt such a relationship in

animals. A svpermarket diet whkich car induce overeating in
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experimental erirals stktculd prcvide a gced means for
exarining the relationship tetveen size of a meal and
metatolic rate. The ccmpcsiticr cf the meal could also be
varied to examine differences in the magnitude cf the
thermic resgcrse with different cutrients.

Miller and Parsonage ({1975) suggested that changes in
metabolic rate act to resist changes in tody weight.
Apfelkaum et z1. (19?\) found a 20% reduction in EER with
restricted diets. This reduction in EMR serves tc resist
any lowering cf body seight and alsc serves to-frustrate
overweight indivijuals whc are dietirg. Iikewise, thete
seers to be a metabolic adaptation to a state cf
overnutriticr. Sims et al. {1973) demcnstrated that the
enerqy required to maintain body weight in cbese stbiects
was 35% belcw normal. There is a growing bcdy c¢f literature
which suggests that metabclic adaptaticrs to overfeeding and
vnderfeeding do occur in humans. An unresolved gquesticn
concerns the exact nature of the adartations and vhether
thay are immediate.

A great mary studies have examined the role of DIT in
getting rid of excess calcries durirqg eitended periods of
cverfeeding. Many of the studies described in an earlier
section concleded that the body weight chkange in mar during
pericds of cvereating was much less-thar-expected given the
calories ingested. Many of the same investigatcrs then
examined erercy cutput cf their subjects to see if changes

there could ezxplain the less-than-expected variaticrs in
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becdy weight. Fassmore and his colleagques perfcrmed a series
of experirents {Passnmcre et al., 19tS; Passmore et al.,
1963; Strong et al., 1S67) in which energy expenditure was
measured in bcth lean and okese sutjects whc were either
over- or urder-eating., Ir cne experiment, {Passmore et al.,
1955) it vwas found than when thin men were fed an excess cf
appreoximately 1500 kcalsday for 2 weeks, they gaired weight
slover thar exrected. In a secc¢nd ezperiment ([Fassmore et
al., 1963), two obese vwomen vere suljected to pericds of
over-eating ard under-eating fcr 9 ard £ days fespectively.
A complete energy balance wvas performed for each subject,
beginning with a 9-day taseline period of data collecticrn
tefore varyinc diets., It was fcund that the obese subjects
FUt on weight much more readily tham the thin subdjects in
the previcus exrerimert., The eiperimenter concluded that
variations in weight gain probally were due to variaticns in
water reterticr of the subjects. The results of ozygen
coensunption measurement showved that there was ar ircrease in
respiratory quctient ([RQ) after about 8 days of overfeeding.
The BRQ*s were not above 1.0 until this pcint. The
explanaticn wes that the excess dietary carktchydrate was
stored first as glyccgen in the muscles and then ccnverted
to fat when the stores were full. The experimenters agreed
that the ircreases in cxygen utilizaticn vere iansignificant
and were attributable to SDA. Thus, they argue that their
data do nct surpcrt the existerce c¢f a luxuskonsumption

pmechanism in humans. In a third experiment (Strcnc et al.,
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1967), 16 subjects of varying degrees of olesity were used.
Cne subject was underweight, 7 were of noreal bcdy weight
and 8 were ctese, Again, all svbjects underwent a complete
enerqy balance during a 4 day period of overeating. Diets
provided an e€xcess cf 2960 to 7880 kcal over a 4 dey period.
The e&perinenters ccncluded thkat variaticns in weight gained
dorirg the 4 day period were due to differences ir amount of
water retairec¢. They fcurd that nc excess calcries were
lcst in the feces during overfeeding, so there seers tc¢ be
no evidence tlat the tcdy adapts tc excess calbries by
excreting them through feces. Measurement cf cXygen
consumpticn vwere made in ar attemrt to correlate heat
rrodewtion with intake. MNeasurements were made at
approximately Z-hour irtervals thrctghcut the night. The
results show that energy expenditure increased witl
overfeedinc. Statistical analysis showed an 8€.5% increase
cverall as compared to a control period. The metakclic rate
also was higher in the early part of thke night ({20% higher).
This was attrituted tc SDA for the last meal cf the day.

The results vere interpreted as evidence against
luxuskonsurpticn playirg an inpcrtart rcle in enmergy
balance. Excess energy intake of all subjects was
calculated tc te abcut 1520 kcalsday, while the increased
metabolic rate was calculated to ke 300 kcals/day, cr akcut
20% of the excess enercy. These results were not analyzed
separately fcr okese ard non-ckese subdects. Also, the

cXygen meastrements were not taken at the right tines tc
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Beasure the maximum luxuskonsumption effect if it was
present. The maximum amount of increase in utilizeticno
should have cccurred in the few hcurs after each meal.
Measurements taken later in the night should nct necessarily
te expected t¢ show as great an increase.

In a stuvdy cited earlier {Miller et al., 1967), it vas
shown that thke increase in DIT as directlty related to the
calcric size cf the reals. The study alsc rrovides evidence
for DIT as a mechanism for getting rid of excess celeries
during overfeeding. Tkeir subjects uwere 11 adﬁlt men and
wcmen who cverate for periods of 3 to 8 weeks. It was
concluded ttat the surrrising stablity cf tody weichts was
due to an increase in heat prodrvcticn. ‘The average duration
cf the thermic response to meals of excess calcric content
was 3 hours. BMR alsc was measuvred befcre and after the
reals and was not found to change significantly. The
magnitude cf the increased heat producticn was fornd to be
akcut 25% c¢f BMR. 1In this study, the measurements of oxygen
ccnsumption were takem for about 50% of the day, much lcnger
thkan in the studies ¢f Passpere and colleagues.

Durnin and Norgan (1569), performed an experiment tc
determine hcw much of the excess calories would ke expended
as heat durircc a pericd cf overfeedirg, 1In their
exreriment, 6 young men consumed an average of 70,000 kcal
each, over a 42-day reriod. Measurenments of oxygen
ccnsumption swere made while the subjects were both resting

and exercising. It was found that throughout a 24-hour
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rericd during overfeeding, metalolic rates were increased 190
to 12% as ccmrared to measurement taken during a ccntrol
period. The mean increase in bcdy vweight was 6.kq per
sybject, or atout 10% of initial weight. They concluded
that increased metalclic rate cculd acccunt for at most, 12%
cf the excess calories or atout 300 of the daily excess of
1700 kcal.

Apfellaun et al. (1¢71) ccnducted a series of studies
in which they concluded that with a restricted diet the
amount of vweicht loss is less than expected dqé to a
decrease in energy expenditure. They also found ar increase
in epergy expenditure with cverfeeding. Three grotps of
subjects had their oxygen consumpticn measured for a 15-day
periocd. One group (p=9), vwas a ccntrol and recieved a
ncrmal diet. A second group (r=8), had their diets
surplimented with 1500 kcal/day ané a third grcur (n=41),
consisted cf ctese sutijects and received a restricted diet.
This diet ({22C kcal/day) was 55 g of casein, potassiunm
chloride, vitamins, and water. Bcth of the experirnental
groups had tteir norral irtakes measured for a 15-day period
before the diet manipulations tegan. Energy expercéiture did
not c¢iffer fcr the ccrtrol grcurs dvring the 15-days in
which they consumed a normal diet. PFor the grcup receiving
a restricted diet, it was estimated that the averace calcric
decrease was 2,100 kcalysday. Since it was found that fat
lces did nct account for the major part of this calcric

decrease it was concluded that energy expenditure must have
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teen reduced. Oxygern rpecasuremerts shosed a decrease in
energy expenditure cf 12 tc 17%. Fcr the overeating group,
the results are in agreement with Miller et al. {1€67) .

The total calcric excess was 22,500 kcal of which cnly
16,000 kcal cculd be accounted for in adipose store
increases. This leaves 12,500 calories unaccourteé¢ fcr cr,
800 kcal/day. The increase in energy expenditure measred by
cxygen consumgption could account for akout cne-half of the
€xcess, leavirg the cther cne~bhalf vnexrlained. The authors
srectvlated that changes in spontaneous activitf cculd
explain the cther 400 kcal. This study, then, descnstrates
that changes ir energy exrpenditure could be important in
raintaining a constant body weight in the face cf & deficit
or atundance cf calcries eaten.

Goldman et al. {1976) reported a series cf experirents
in which tley attemrted tc see if excess calories could te
accounted for in overfeeding experiments. One qrctgp of 4
sutjects (tcéy weights frcm 62 tc 83 kg) was placed on a
high fat diet supplying an average of 860 kcals/day cver
baseline for 83 days. Eody weights increased ty ar average
of 1% (11.4 tc 19,1%) or 11! kg (€.' tc 1.6 kqg).
Measurement of body fat showed that the average azcunt cf
fat gained was 7.6 kg cr 70% cf total weight gain. Energy
expenditure was measured refore and after tte 83-gday pericd.
Expenditure cf energy increased for every subject during the
pericd of overfeeding. The increase in BMR was hicher after

cverfeeding tut when ccrrected per tmnit cf surface area, was
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slightly lcwer after cvereating. When energy expenditure
vas measured during various forms of éxercise, an 18%
increase in energy expenditure was seen. Morecver, only
atout one-talf of tke increase cculd be explained Lty the
increased body weight.

A secced experiment used 4 subjects (body vweights from
59 to 118 kqg) vho were overfed s carltohydrate diet fcr 18
days. The diet supplied an excess cf 2000 kcalsday. The
average body weight ircrease was 4.5 kg (3.3 to 5.6 kg) or
5%. It was estimated that 75% of the increase was fat.
measurement cf energy expenditure shcved an elevation in EMR
and in the cost of various activities. F&hen post-rprandial
neasurement of enerqy expenditure vwas made it was fcumnd that
metalolic rate (even ccrrected fcr bcdy surface) vwas
elevated. This effect was most pronounced immediately after
the meal.

A third experiment used 5 sukjects (ranging ir Lody
weight frowx €F to 75 kg). These subjects were fed a high
carbchydrate diet for 12 days, supplying, as tefore, an
excesss of 2000 kcals/day. The average weight increase was
4.3 Xg or 6%. The average amctrt of fat gained was 56% of
the total increase. Again, energy expenditure increased
significantly after cverfeeding. BHFR showed a 17% increase
and metabolic rate increased 12% after meals. The enerqgy
cost of exercise was 12%, almcst the same as in the provious
grcug. RQs, measured c¢n the last day cf cverfeeding, showed

increases of about 15% after dinner.



In summparizing the experiments, an e€xcess of
cartohydrate calories increased tke thermic resgcrse of the
suljects Lteycrd expected values. This was trve even when
metabolic rates were adjusted for the increased kccy surface
area. The greatest ircreacse ir heat grcduction was found to
be immediately after meals and was an increase cver BMR
which alsc was fcund tc be elevated. Nc such increases were
seen when the excess calories were fat. There alsc were
large individual variaticns in the results cf différent
subjects in these experiments. Classifying thé suljects as
either obese cr non-ctese, or as either "easy-going" or
"hard gainers" did not result in eliminating all cf the
variations ir the results,

Glick et al. {1977) found no céifference ir cxygen
consumpticn tetween cltese ard nciral weight women either
doring a 5-day period of overfeeding or after a 5-cay period
of restricted eating. Alsc, they repcrted that ezxercise did
nct increase the thermic effect of a meal. Their argqument
was that there was not a short-term adaptaticn to
overfeedinc, thcugh ttey dc not disccurt some adaptation
after a longer period of time.

Bradfield et al. {1973) gave either a high protein
diet or a diet containing no protein to a aqrour of ckese
women for 10 éays eachk. It was fcurd that the rost-prandial
rise in metabeclism was not Jdifferent for the twc diets and
that the rise was nct greater ir a grour cf normal weight

Wchen.



Dauncey (1980) examined the effect on energy
expenditure cf 1 day cf overfeeding cn 4 men of ncrzal
Wweight., It wes found that there was an increase in oxygen
ccnsumption with overfeeding. Trauncey repcrted tkzt there
was very tighk variakility in bcth intake and expenditure
betueen and ¥ithin the subijects.

Danforth and colleagues ({Darfcrth et al., 197€) have
suggested that an adaptation to overfeeding cccurs in man,
but that it may not be evident until after atout 2 seeks cf
overfeeding. Garrow [1¢7€) has suggested that'in most of
the studies in which metaltolic changes have beer seen in
response tc cverfeedirg, the ezcess energy consumed was in
excess of 23 mcal. Thus the argument of whether tlere is a
threshold ard what kird of threshcld there is remaians
undecided. Certainly not all of the data can be explained
with either a duraticn, or ar ascint of excess, threshold.

A decrease in resting metatolic rate consistertly has
teen repofted with underfeeding. This result is seen in
lean {Bemedict et al., 1919; Keys et al., 1950) as uell as
cbese {Apfelbaum et al., 197%, 1977; Jung and James, 1980;
Garrow, 1978) individuals.

The effect of cverfeedirg cn resting metabolic rate is
less clear. There are many reports of an increase in RMR
with overfeeding {Grafe ard Kock, 1912; Arfeltaur et al.,
1871 but there also are reports of Ro change (Munrc, 1050;
Stang et al., 1935; Miller et al., 1967L; Strorqg et al.,

1967). It is unclear whether chbese individuals have RHMR
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that are different from normal weight iréividuals. Hiller
and Farsonace (1975) ccnfirmed firdirgs cf Martinezud and
Tremclieres (16964) whc found that scme, but not all, of the
cbhese subjects they studied had lower than normal resting
metalolic rates. Others (Raplar et al., 1976; York et al.,
1980) reported no difference and still cthers
{Zahorska-Markiewicz, 1980) reported that RMR was ltigher in
otese indivicuals.

The evidence indicates that in humars, metalclic
adaptaticns cccur ir respcnse tc cver arnd undef eating. It
ic widely rerorted that there are large individual
differences ir the magritude cf thcse adartations the cause
cf which is not understood.

In the case ¢f cvereating, ar increase in thermogenesis
cften is seen. It is seen most often in cases cf lcng-terrn
overeating kut also may cccur ir respcnse to short-tern
cvereating. 2lso, the amount of the excess may ke impcrtant
in determinirc the ragritude of the thermcgenic response.
There is still much detate about whether the adapteaticn tc
overeating is lackirg in cbesity. The high variability in
the data stggests that weight gains in all individtals are
due to this lack of adartaticr.

It is possible that at least some forms of otesgity are
due to a ttermic defect. Jung et al. {1979b), fornd that
ncrmal weight females showed a areater thermic respcnse tc a
dcse of ncrerinephrine than d4id either ckese ferales or

females whc fcrmerly were obese. This cctld suggest that an
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inherent tternsic defect ccntributes to chesity in sone
individuals and is not due to developmental or environrentl
factcers.

There have been several other reports of a difference
in ttke thermic respcrse tc a meal between normal weight anad
chbese individvals. Kaplan et al. {1976) tested tte
calorigenic respense tc a high-prctein meal in otese and
ncnctese wcper. The neal ccepsisted cf 823 kcal and was a
sesisynthetic high-protein meal. In this study, tcth RMR
and post-prandial heat prcducticn were measured. It was
fcund that there was no differemce in BER between the
groups, but the thermic response to the meal was
significantly greater ir thke ncncbese grcup., This study
suggests that failure to get rid of excess calcries could be
a factor ir develcpmert of cbesity. If these obese
individvals are accumulating extra calcries during each
meal, the restlt could ke a higher bcdy weight. BHosever, it
can be argted that the decreased thermogenesis is ar
adaption tc¢ the obesity rather tham a cause.

Pittet et al. {1€¢76) admiristered a 50-g load of
gluccse to obese and nonoltese females and measured heat
productions using direct ard irdirect calcrimetry
cipultaneotsly. Metalolic rate increased significently mcre
in the nonctese subjects than in the obese subjects after
administration of glucose. In the nonotese grcup, the
increase was 13% of the fasting valve, and in the obese

grcup the increase was 5.2% of fasting value. BHeat loss
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ceasvured by direct calorimetry showed nc changes ir either
grcup after tke gluccse, ktut lcsses were higher to¢ begin
¥ith in the nonobese group, and remained higher after the
gluccse. Similar results vwere fcund by Shetty et al.
{1879 . They fed obese and lean suljects a test neal
{Carvation 'Evild up' in milk). The lean subjects had a
greater rise in metatolic rate following the meal than
either the clese cr pcst-chese grcur. When subjects were
given an acaloric drink, there were no changes in getakolic
rate.

York et al. ({1980) examined males with staktle Ecdy
weights whc meirtained that bcdy vweight cn either high or
lcw daily intakes. They found that there was nc difference
in BMR, but tltat DIT was higher in the grcup maintaining
bcdy weight on high intakes.

There alsc are several rercrts that there is no
difference in the thermic response to a meal in ncrrmal
weight versus cltese pecple. Zahcrska-Markiewicz (1980)
fcund that the thermic response to a 4200 kj mixed meal was
no greater fcr individuals of normal tkoédy weighkt ttam fcr
otese individuals.

Glick et al. {1977) have reported that they fcund nc
difference ir the resrcrse tc cverfeeding between chese and
ncnchbese ucmen. The subjects ate an average of 2,300 excess
calories daily cn tcp c¢f their rcrmal daily intake. They
fcund no differences in metakolic rates between gricups

e€either at rest or exercising. 1These results suggest that



57

LIT does nct rlay an icrortant role in short-term enerqy
balance.

Clough ard Purnir (1970) measured the metaleclic rates
of subjects classified as either "thin" cf "average". They
fcund no difference in the metalolic rates of the two
groups. This was true whether cxygen consumption uas
reastred at rest or during exercise following a stendard
meal.

Irsigler et al. {1979) reported a study in wkich they
measured erercy expenditure via direct calorimétry in
individuals classified ({according to the Broca Index) as
"noreal","cverweight", cr "ocbese". C(Cverweight and obese
subjects shcwed a greater total heat precducticn than did
ncrmal subjects. There also was more variakility erong
sutjects ir the cverweight and cbese grcugs. When output
was examined in relation to energy intake there was a close
relaticnshir tetweer irtake and ocutprut in ncrmal stbiects.
Fcr subjects in the other groups, there did not scem tc ke a
relaticnshifp tetween intake and expenditure. ¥Fccd intakes
were held ccrstart and were reriesertative cf normal
intakes.

The evicerce is strcrg that there axre metabolic
differences ketvween normal weight individuls and ctlese
individuals., BHcwever, the conclucsicn of Fittet et al.
{197€) that there is an inherent thermogenic defect in the
obese which is not caused ty developmental cr ervircnmental

factors is rrerature, There have beer nc thorcugh studies
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to suggest that this difference is ertirely due to genetic
factcrs. Undouktedly scme cf it is due to .genetic factors
(Griffiths and Payne, 1976) but experiential factcrs may
have a role alsc. Sirce rany regtlatcry ccntrols develop
early in life for many species, including man, it may te
that contrcls cf metalclic rate alsc developr during the
first years of life.

It may te that sore forms cf chbesity in humans are
caused metaltolically and cannot ke treated sucessfully Lty
dietary restriction., Miller {1$79) =suggested {hat this may
be the case and that suitable ways to stimulate metaboliss

in those individuals should Lke researched.




VIII. EXERCISE IN MAN

The beneficial effects of exercise ir humans are many
and varied ard a review of all ¢f thcse effects is beyond
the sccpe cf this review. In this section the effects cf
exercise on energy kalance and on those factors irfluencing
tody weight will be discussed. Durrir (1979 made the
arguegent that if, for no other reason, exercise is helpful
in increasing enerqy expenditure and helps create 2 negative
enerqy balance. Nelscr {(1973) vwarned that all adults should
be ccnsidered at-risk to develop okesity. His arqument is
that the krcwr metaltclic decrease uwith age (Nelsom, 1973;
Tzankoff ard Ncrris, 1¢77, 1¢7€) will nct always te
ccerensated fcr by decreases in appetite. Thus, e€xercise as
an increaser cf energy exrendittre can help resist body
weight increases, even in non-okese people.

There is a freguent speculaticr that lack of fphysical
activity is a contributing factor to obesity (Bjcrrtorg,
1€75). HMaver et al. (1956) sttrdied wcrkers in West Bengal
and found that body weight was inversely proporticral tc
level cf activity in the person's jotk. They alsc fcund that
the highest calcric irtakes were in the mcst active and the

rcst sedentary groups. Other investigatcocrs have ncted that
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chese adults were less active than non-clese adults (Blccek
and Eidex, 1967; Marr et al., 1970: Curtis and BRradfield,
1€71) . Otters have ncted that adclescent chbese girls sere
less active than non-otese adolescent girls (Buller et al.,
1969; Jchnscr et al., 1959). Hcwever, from none of these or
sipilar studies is it clear that lack cf physical activity
is a cause rather tham a result of oltesity.

Garrcw [1¢78) has ccrcluded that a lcw level of
rhysical activity is not an important factor in perretuating
the excess weight ir ctese individuals. BHis aigument is
that such expenditure comprised such a lcw total asmcunt of
enerqgy as tc ke insignificant in shedding tcdy weight.
Curnin {197¢) rcinted cut that even a lcw level of physical
activity helps create a negative enerqy kalance ir the obése
and ignoring ary increase in expenditure is a rmistake.
Eesides, e€very rit cf energy ezxrenditure means more calories
can be eaten uwithout increasing tody weight. Lutwak and
Coulston (167f%) suggested that there are tuc questions altout
the bepefits of exercise in reducing body weight. The first
question is wtether the erergy exrerditure due to exercise
is additive tc amy calcric deficit due to dietary
restriction in producing more e¢fficient weight lcss The
seccnd questicp is whether exercise directly affects body
ccmpesition tc produce a more desiraltle distrikuticn of lean
rody mass &rd tody fat. Scme researchers are asking a third
cuestion. That is vwhether aerclic exercise traimirg has an

effect on the way in which excess calories in a meal are
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used, or nct used (Kertzer et al., 19817 . Thus, it may te
that havinc a kigh raxirur aerchic capacity (due to some
ccobination of heredity and exercise history) allcus mcre of
the excess calcries tc ke exprerded as heat when overéating.
B study by Eeliman et al. {1980) provides suppcrt for an
affirmative arswer to the first guestion. Using sedentary
pen with a rean age c¢f U2 years, they examined csukjects in 4
grcurs. <Cne group was placed on a diet wkich restricted
normal daily irtake by 500 kcal. A seccnd group rerformed
brisk walking 4 times/week beginming at 15 min)session and
increasing 5 rin/sessicn to 45 min/csessicn. This uas
ccnsidered mild exercise and was continuved over a 10 week
rericd. A third grour experienced toth caloric restricticn
and mrild exercise, A fcurth grcug served as controls and
received neither caloric restriction nor exercise. It was
found that calcric restricticn alcne resulted in the
greatest percemtage of body weight loss, tut that the
comtinatior c¢f caloric restricticr ard mild exercice
resulted in the greatest loss of tody fat. Calcric
restricticrn resulted ir mcre lcss of fat than exercise alone
and all 3 groctps lost significantly more tody fat than the
sedentary gréup. It arrears that the ccmbination of
exercise and dietary restriction is most effective at
reducing tody fat, while srarirg lean becdy mass. It should
be mentioned that individuals in the exercise-cnly groug
were not particularly irterested in losirqg becdy weight and

their weiqlts were sigrificartly lcwer than thocse of the men
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in the other grcups initially. The most valid comgarisons
can be made among the 2 other groups in which initial body
weight differed only slightly.

In dealirg with tlke second questicn, about the effects
cf exercise ¢n body composition, it is usually repcrted that
rody fat decreases with exercise (Pcllcck, 1973: Follock and
Jackson, 1577; Ellestad et al., 1975; Bjcrntorp, 1976;
Johnson et al., 1972). However, it is not clear if tody
weight reducticns always cccur. There are scme reforts that
there may not te a dgcrease in kody weight iniiial]y with
€exercise Ltecause the increase ir lean bedy mass compensates
fer the decrease in body fat (Bjcrntorp, 1976; Jchrson et
al., 1972). 1If exercise were ccntinued the increase in lean
rcdy mass swculd eventually decline and the decrease in fat
iculd lead tc body weight reductions {Ejcrotorg, 1€76).
There are ctier repcrts cf a tctal decrease in body mass and
a decrease in tody fat {Pcllcck and Jackscn, 1977) and no
change in lean body mass with exercise {Pollcck, 1573;
Kenrick et al., 1972). There are scme indications that the
ﬁecrease in fat represents a decrease in the size c¢f fat
cells rather that in the number of such cells.

The effects of exercise may be ruch different in
severely obese humans. BRjorntop et al,' {1870, 1S75) fcund
that exercise in severely obese recple rrcduced no decreases
in tody weigkt and tody fat, or cply slight decreases in
body fat over periods of up to one year bf an exercise

progranr. Bjcrmntorp et al. (1€75) fcund that obese patients
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with difficclty in losing weight either ty exercising cr
diet ing were likely tc¢ have hyrerrlastic adipose tissue.
Since Brook et al. (1€72) have found that the first vears
of life in hurans are paraticularly inmpocrtant fcr
development cf hyperplasticity, it is pcssible that very
fcor eating habits can ke permanently disalkling tc later
efforts tc reduce becdy sweight., Citing a sttdy by Chirico
and Stunkard {1960) Nelson {1979) suggested that lack cf
€xercise was a mcre impcrtant factor in cbesity for women
than for men. <Chirico and Stunkard found that-there Was
pore difference in the daily activity of chbese versus
ncn-chese somen than tetweenm olese versus ncn—-cktese nmen.
Sex differences ir the effects of exercise on body
veight and lody compcsiticn have nct been adequately
studied, particularly in otese individuals. Womer have more
fat cells ttar men (Sjcstrcm et al., 1972) and Ejcrntorp -
{1€7€) found that the remaining adipose tissue pass afterx
physical training is primarily dependent on the nuster cf
fat cells, Parizkova ({1963) fctnd that women athletes lost
¥veight when traiming, tut the intensity of the training was
puch greater thkan is usuvally perfcroed by non-athletes.
Bjcrntorp (1¢7€) also pointed out that female rats doc nct
show a decrease in bcdy weight suith forced exercise and a
similar failure may te found ir humar females and sith

mcderate levels of exercise.
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Intensities of exercise may te impcrtant in assessing
the effects c¢f exercise cn body weight and body fat.
Bjcrntorp et al. (1972) have suggested that body fat lcss
may ke greater in a program of moderate exercise fcr lcnger
duration tkar in a prcgramr of irtercse exercise for shorter
rericds. In those studies, giving patients whc had
experienced pyccardial infarcticn three 30-minute periods of
exercise/ueek for 9 months resulted in significantly mcre
rody fat lcss than when the period of exercise was 1
hour/day 2 times weekly fcr 6 ncnths.

Measurement of effects of exercise on food irtake
consistently demcnstrated that the calcric expendi ture due
to exercise is not always made up ty an increase ir calcric
intake {Mayer et al., 1S56; Bjcrntcrg, 1976; Johnson, 1S72).
There is some evidence that the amount cr intensity of
exercise affects caloric intake in man as in arimals, sc
that light c¢r nrcderate exercise leads to a decrease in
caloric intake and more intense exercise results ir
increases [cxr less cf a decrease) ir irtake (Horton, 1¢76).
Bjcrntorp {1S7€) suggested that humans exposed to an
€xercise rprcgram initially decreacse food intake aré tody
veiqglkt tut thep maintain a balarce between intake and
expenditure.

Bjcrntcry (1976) in attempting tc explain the effects
cf exercise cn body fat, concluded the increased erergy
experditure cf exercise was nct ercugh by itself to explain

the loss of body fat. Estimates of intake, rathker than
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actuval intake measurements, were used in the studies
descrited, but it seers unlikely that the increase in enezqgy
expenditure car acccurt fcr all c¢f the fat loss. Ejorntorp
svggested that increased activity between training sessiocns
and effects cr arpetite regqulaticr ray help acccunt for the
fat decreacses. ALso it is possiltle that increased heat
production car help extlain the fat 1loss.,

Thus, in returning to the third question asked atout
the effects of exercise, it may be that having a high
raxisum aerokic capacity reflects tlke akility fc €xrend a
large amount cf exess ererqy as heat when overeating.
Increases in that ability to expend excess calcries as heat
would accomrpany increases in maximum aerotic capacity. 1Thus
an individual with a raturally bigh aercbic capacity or an
individval who has increased his cr her maximum acrcbhic
capacity thrcugh exercise trairing wculd be better able to
resist addirg body fat when overeating. Temporary touts of
€xercise, cr e€xercise which dces nct increase maximum

aerotic capacity would not te as useful in increasing DIT.



IX. EXERCISE AND THEFMOGENESIS

In a frecuently-cited study, Miller et al. {1967)
rerorted that vhen their subtjects exercised for 30 zinutes
tefore and after a meal, the magnitude cf the
dietary-induced thermogenesis was ircreased. Since this
rerort, several investigators have examined the effects of
exercise or ttermogenesis, and in particular on DIT. 2
frequently-asked question is whether the increase in
metalolic rate due to fcod and exercise tcgethér is greater
than the sum of each alone.

Bradfield et al. (1568) tested the effect of 4S5
ringtes of walking om IIT in 6 otese females. The share cf
the curve descriting tte rise ard decline of metalclic rate
after a meal cf 750 kcal did nct differ whether the subjects
had exercised or not. However, the magnitude cf tte rise
was greater after the exercise, suggesting that the exercise
had effects on LIT which were longer lasting tban the
s«xercise itself.

Bray et al. (1974) using 6 lean males, studied the
effects of z neal ¢f either 1,000 cr 3,000 kcal on DIT
tefcre and ¢vring exercise. They fcund that the thermic
effects of the meal did not differ for either pmeal, but that
- exercise almcst doutled DIT after eithexr meal. This finding
is ir agreement with that of Miller et al. {1967) in which

8 thermic resgpcnse cf 28% above BRMR was increacsed to

66



67

56% the execise. Bray et al., found that the enhancement of
LIT by exercise occurred even when the subjects overate by
4,000 kcalsday for 28 days. The effect alsc was seen when
sutjects were eating kcth a high ard a lcw-protein diet for
2 weeks pricr to measurements.

A4 third study, wltich suppcrts results cf Miller et al.
(1967) was reported by Zahorska-Markiewicz (1980). Using 14
olese women, it was fcund that exercise on a cycle ergometer
potentiated LIT after a 4,200 kj rixed meal in normal vweight
ccntrols, bttt not in oktese subjects. Thus, in ncrral weight
sultjects, exercise after a meal resuvlted in a greater energy
expenditure than the same amount c¢f exercise in a fasted
state, 1In clese sulkjects, expenditure was no different
after a meal than before.

Whipp et al. (157€) found that work {cycle ergometry)
increased the thermic effect of a meal ty a constart factcr,
indegendent cf rate cf work. Subjects in that study were 6
lean males, 1 ckese rale, and 2 ocbese females. Aarfelbaum et
al. (1971) earlier had reported that tlke efficiercy of wcrk
increased witl underfeeding and was redtced with
cverfeeding. Whipp et al. did not £find a reduced
efficiency cf work with cverfeeding in their subjects.

Many vwcrkers in the area have failed tc find arny effect
of exercise cn the thermic effect of a meal. Starg and
McClugage [1€31) rercrted nc effect cn SDA of exercise.
Swindells {1972) failed to find an increase in the thermic

effect of a meal rargirqg in size between 600 and 1200 kcal
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after a 30 mir walk tefcre and after a meal. Also, it was
fcund, in an additional experiment repcrted in the same
raper, that V(2 measurements made during exercise tefore and
after a meal were nc different in the females in this study.
These results are contrary to those repcrted ty
Zahorska—-Markiewicz (1S80).

Hanson (1€73) found that weicht gain or a higk-fat diet
in 4 males did not charge efficiency of swork when that work
consisted cf redalling a cvcle ergometer. However, when the
wcrk consisted of walking and cérrving a pack,'there was a
predicted ircrease ir 02 vtilizaticn rper vnit work up to the
pcint of 19% weight gain (maximum attained). Warncld et al.
(1978) alsc feziled tc find that exercise rpotentiated the
thermic effect of meals ir 4 obese females c¢n a reducing
diet.

Returnirg to the crigimal cuesticn c¢f whether the
getabolic response to exercise znd a meal is greater than
the metatclic response to each alcre, there is no obvious
ccnclusion to be drawn. The studies just descriteé had
different methods to produce exercise and had msany different
intensities cf exercise. They did rct consider the maximum
aerctic capacities of the subjects used. The last criticisnm
is perhaps the mcst interesting cne. Investigators report
that their svbjects are either lean, ncrmal, cr okese, but
give no infcrmation atcut their wcrk carpacity. Since there
is a wide range of work capacity, or maximum aerobic

capacity even among individuals all classified as 1lecan, it
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wculd be helpful to know the maximum aerokic carpacity of
each subject. It cculd be that the pctentiating effects of
exercise cn LIT are not due to the lrief period of exercise
tefore or aiter a meal, tut are dve to an increeased maximun
aerobic capacity due to exercise training. It wculd alsc be
expected that sedentary individals with hiqgh mazimwm aeroltic
capacities %otld show high TIT regardless of whether they
exercised refcre or after a meal. This cculd explain the
discrepant findings summarized atove. Miller cculé have
used subjects with high maximum aerchic capacifies while
Svwindells did not.

The luxuskonsurpticn idea has scmetimes been criticized
becavse it seems to place the animal at a disadvantage frco
an evoluticrery point cf view. A pechanism which wastes
excess calories could have a very high energy ccst. Bennett
and Rukin (1979) presented a thecry which might exglain both
the variatility of luxuskcnsumpticn ard how it relates to
survival. 1They argued that mammalsf selective adventage vas
their capacity for sustaired high aercbhic capacfty which
wculd permit longer sustained activity. An anigal with
greater stamira could maintain kigher levels of prrsuit or
flight, depenainq on the circumstances. This wculd seem to
have otvious survival advantages.

Since maximum aeroltic capacity varies with tke physical
conditoning cf an organism, it is pcssible that dietary
induced thermcgenesis varies directly with gaximuz zerctic

capacity. BArything which wculd affect aerobic capacity then
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could alsc affect dietary irduced thermcgenesis. Since
training e€effects due tc¢ ccnditicnirg can be acquired or
deteriorate, it is reasonable to expect that DIT can change
in the same irdividual. 1Tre thermcgenic capacity increase
pay be due tc an increased dynamic range for the sympathetic
nervous systef. In suszary, physical ccndtioning leads to
increases in maximum aerotic capacity, which cculd then,
through anp increase in sysrathetic rervcus system activity
lead to anm increase in capacity for PIT. This isste has nct
Feen explcred adequately in eitker the human or the animal
literature on enerqgy talance. If the relationshirp tetween
LIT and aexclic capacity exists, it shculd be possilktle to
extlain discrepancies in positive or negative findirgs cf
LIT. The prctlen is that physical conditicr ¢f sutjects has
nct been reliably reported. Suljects are classified as
€ither lean, rcrmal, cr obeses. Beirqg in gcod rhysical
ccndition is not the same as teing a lean individuel.
Perhaps the relatiorshir betweer rhysical conditon and
capacity for thermcgenesis should be further investigated.
Effects cf physical activity on the therric respcnse to
food have leer studied even less in animals than in man. A
series of studies by CGleeson and c¢clleaques (Gleescn et al.,
1678, 1979, 1980) provides the only indication that
exercise, c¢r exercise training affects DIT in rats. In one
study (Gleeson et al., 1978) male Wistar rats were fed
€¢ither a corn starch-tased cr a ccrr cil-tased diet. A1ll

animals eitler swam ! hcur/day c¢r remained sedentary. XNo
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differences were seen ir RMR amcng the 4 groups, ttt the
exercised znimals eating the ccrn starch diet showed a
greater increase in LIT than any other .qroug. 1In 2 seccnd
experiment {CGleeson €t al., 197¢) 10 weeks of forced running
cn a treadeill produced a siqnificéntly higher EMF, and a
significantly higher rostprandial respomse to intutaticn cf
8 glucose nmeal than was evident ir sedertary contrcls, 1In
the third experiment {Gleeson et al., 1980) it was found
that rats trained on a treadmill shcwed a E50% increase in
metalolic rate after either a high cr lcw fat meal. This
increase was significantly higher tkan seen in sedentary
animals. Tle size cf the me;l wvas nct reported. These
studies demcnstrate that exercise training by eitter
swimging cr fcrced runnping car have an effect on metabolic

rate, and particularly on DIT.




X. EXPEFIMENT 1

The irspcrtance cf luxuskcpsumption in the regulation of
energy balance and the maintanence of a staltle tody weight
is still unclear. 7The inccnsistert data obtained thus far
suggest that there are great individual differences, tut the
source of these differerces is largely tvnknown {a number of
rossible variables were reviewed in earlier charpters). Fer
examrle, it seems likely that there are metabolic
differences between lean and otese individuals. Scre of
these differerces nc dcubt are due tc genetic factcers.

Early envircnment alsc seems tc be important. It is
reascnable tc kelieve that early diet could affect whatever
mechanisms are involved in luxuskcnsumption.

Simpson et al. ({1980, 1981) have reported ttst
weanling rats given a surermarket diet dc nct tecome heavier
than controls until approximately 56 days of age. This
delay in the crset cf ipcreased body weight could ke due to
changes in metalolic rate at aprrcximately 56 days of aqge,
such as a redvction in an animal's akility tc experd excess
calories as heat durirg pericds c¢f cvereating. If such a
chift does cccur, it could te ke due to maturaticn, or it

could be due in part to the animal's previous diet regirne.

72
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Rothwell and Stock ({1980a) reported that 33-day cld
male Sprague-Lawley rats given a supermarket diet fcr 14
days d4id nct gain mcre weight thar chouw-fed controls, even
thcugh thej vere consuming 50% more energy. They fcund that
resting oxycer consumrticr was higher in the animals on the
svpermarket diet, reflecting a higher emnexrgy outptt.
Hc¥evwer, Kothwell and Stock did not measure energy
expenditure after 47 days of age. A decrease in the energy
expenditure in the supermarket diet animals cculd ltave
occurred after tkis time, allcwing fcr Ecre calories to bhe
ccnverted to tody fat.

Exercise training has long-lasting effects on
metabolism and could account fcr some of the variakility
seen in studies ¢f energy metabclism. Studies reviewed in
earlier charters examined the effects of brief pericds cf
exercise tefcre and after a meal cp» metabolic rate.

Hcvever, the physical conditioning (reflected ty exercise
history) cf the subjects was not considered. Ore fcssitle
way in whick rhysical ccnditioring cculd affect a
luxuskonsumption mechanism is Lty increasing aerctic
capacity. 1The ircreased ability tc transpcrt and use oxygen
cculd lead to an increased atkility to expend excess calcries
as heat. Tte ratiornale fcr this hyrcthesis is based on the
idea that luxtskonsumption could have evolved seccidary tc
selection fcr a high ptysical swcrking capacity. The cost of
lcccrotion increases rapidly as tody mass increases,

especially if the body mass is fat (Bennett and Rukin,
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1979). Thus & mechanism to limit fat storage could have
svrvival valuve in the face cf ar abundart food suprly since
it would help maintain a high working capacity.

Working caracity can test be exrressed as maximum
caracity f£cr consuming oxygen, referred to as maximum
aerolic caracity or V02 max. The ability to expend excess
calories as heat during periods of overeating cculd be
directly related to V0Z max. Thus, large differences in VC2
max due to genetic and experiential factors in kcth hurans
and cther animals cculd be asscciated with large differemnces
in ability tc expend excess calories as heat, cr
luxuskonsurpticn. According tc¢ this hyrpcthesis, an e;ercise
Frogram which increased VC2 max should also increase
luxuskonsuggticn,

Weanling rats sould seem to ke particularly gccd
sukjects fcr a study cf the effects of diet and exercise on
energy intake and expenditure. High fat diets have Ekeen
reported tc rrcduce a greater degree of cbesity when given
tc juvenile animals (Peckham et al., 1962) than tc adults,
anéd exercise tas beer 1ercrted to have mcre effects on lean
tcdy mass in ycung animals {Pitts ard Bull, 1977) than in
clder animals. It is likely that tle effects c¢f diet angd
€Xercise on ererqgy intake and expenditure are more
prcncunced in weanling rather than older rats.

In experiment 1, the effects ¢cf a highly palatalkle,
cltesity~prodrcing diet, and the effects of daily aerobic

eX¥ercise on energy intake and expenditure vwere exanmined in
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rale and female weanling rats. The obesity~-prcducing diet
consisted cf a variety c¢f highly palataltle foods tlended

together, arc¢ the aerctic exercise vwas swimming.
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METHCLS

Thirty-twc male and 32 female Charles River
{Sprague-Dawley descerded) CD cutbred albinc rats vwere used
as svtbjects. 311 animals were from litters which were
reduced tc 0 animals immediately after birth., After
veaning animals were housed individually throughout the
experiment ir a vivaricvm uwith a 12: 12 hr. liqht/dark cycle,
an average temrerature of 20 deqrees centigrade (-1 degree),

and a relative humidity of 50% ([(+10%).

Liet-

At weaning, 16 rales and 16 females were given ad
libitum access to a supermarket diet (Sclafapi and Springer,
167€), in acéciticn tc Purira Rat Chcw. The supermarket diet
ccnsisted of a mixture (blended in an electric blerder) of a
variety of hiqhly palatable foods ({as determined Ly
pretesting) such as rarshrmallcwvs, bananas, candy, peanut
butter, and sveetened condensed milk ({with vitamins and
pinerals addec). The surermarket diet was changed every
secord day and a different comltination of foocds was used
(With the excertion of the ccndensed milk which was always a
rart of the diet). Remaining animals were mairtaired cn ad

libitum Purina Rat Cho% and water.
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The relative compositions of roth diets was cltained.
The lab chow diet consisted of Z2% protein, 4% fat, and SEF
cartohydrate. ?he surermarket varied freom day to day, but
cn the averaqge it consisted of 13% protein, 18% fat, and 53%

cartchydrate.

Ixexrcise-

Beginning at weaning, half of the arimals in each
dietary condition were forced to swim fcr 2 hours, &
dayssweek. 2Arimals tegan by swimppirg 15 ninputes each day.
The swimming time was increased ty 15 minutes on e€ach
successive day until they were swimning two hours frer day.
Animals swerm cre hour ir the mcrning and cne hour in the
afternoon. All svimming took place in heated tanks (33
degrees centicrade, + 1 degree) with an average vater depth
cf three feet. Animals swam in groups of 3 or 4. Several
animals drcwned during the study and were not included in
the analyses c¢f the derendent variables. The actual numter
cf subjects completing each condition is given in Figure V.
Only six sultjects fror each conditicn vere used as subjects
in the oxyger consumption measurements. This was tecause of
the encrmcus amcvnt c¢f time required tc measure oxygen

ccnsumption.
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Figure 1
Design for Experiment 1

Between-Subjects Variables

Diet History

Lab chow (LC) Supermarket diet (SD)
Male Female Male Female
Sedentary n=8 n=8 =8 =7
(s)
Exercise
History
Exercised n=5 n=7 n=7 n=8
(E)

Within~Subjects Variables

1. Age (2 levels which varied with the
different dependent variables)

2. Meal (3 levels: RMR, DIT1l, DIT2). Used with
ANOVA for Oxygen Consumption only
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The 8 groups of animals in experiment | were designated
as focllows:

1) Male {cr Female) SD-E. These animals had access to a
supermarket diet and kegan e€xercising at wearing.

2) Male (cxr Female) SD-S. These arimals had access to a
supermarket diet and remained sedentary thrcughout the
experiment.

3) Male {cr Ferale) LC-E. These animals received only
standard lab chow throughout tle experimert, tut regan
daily exercise at weaning. '

4) Male {or Female) 1C-S. These animals received only
standard lab chow throughout tke experimert znd

remaineé¢ sedentary thrcughcut.

Caloric intakes. Focd intakes were recorded every

second day fcr each arimal thrctghout the study. 1The
caloric ccntert of each diet was determined by bomk
calorimetry. All intakes were recorded as kilccalcries rper
kilogram of tcdy weight,

Body xeight Body weights were recorded every second day

for all anirals thrcugkout the s=tudy.

Body Fat Estimates cf body fat were made at 56 days of
age and again at 103 days of age. 1he estimates were made
using the lee Index (the culed root of tody weight divided
¥y naso-anal length). The apirals were lightly anesthetized

vith ethyl ether while the length measures were taken.
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Enerqy- Expenditure. Heat producticn was pmeasvured using
a clcsed-l1lcop indirect respiration calorimeter. Each animal
was tested individually in a 5.4 liter cylisdrical
plexiglass ctarter hctsed ipn a scund-prccf box. Animals
Were restrained by a screen that was lowered into the
chamber sc that they could creep arocund slightly kot do
little more.

Two animals were tested sinmultaneously by alternating
tack and fcrth retweer twc chambers., Electromagnetic valves
ccntrolled this switching. One chamker was cl&sed tc roon
air and conpected tc Beckman analyzers [(CM-11 and 1E-2, C2
and CO2 respectively). The chamkter air was circulated
through the twc analyzers using the pump and flcw meter inm
the OM-11, Flcw rate vwas requlated at 0.5 liters/minute.
During this time the other chamler was flushed witl rocrm air
ty a Cole-Palmer tubing purp cperating at 1.8 literss/minute.
A cne minute delay occurred tetween switching tc the other
chamber so that the analyzers could te recalitrateé to rcenm
air. At tte teginnirg c¢f a day's rur analyzers were
balanced using pure nitrogen and then calitrated tc room air
and to a sgar gas. The analyzers were recalibrated to the
span gas betueen pairs of animals.

The outputs of tke tuo analyzers were recorded
continuously on a MFE four-channel recorder. O0OXygen and
carton dioxide measurements were taken during 1t-minute
trials while the animal was in the chamter. Data alsc were

recorded by hard at precisely five minute intervals by
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recording the meter readings on the front panels. Each
animal was tested for two trials following a 15~hcur fast
{RMR), with tte first trial always discarded to make certain
that the equipment had statilized. Two more 15 mirute
trials were run follcuwing a stavrdard meal of 30 kcal (DIT?
and DIT2, respectively). _These mea sures of fasting and
pcst-prandial heat production were taken twice andéd averaged
during the rericd wher the animals were 46 to 56 days of age
and taken tuice and averaged during the period wher the
animals were 87 to 103 days of age. .

Statistical Analysis. All derendent measurements

excert energy expenditure were analyzed using a 2x2x2x2
factorial design with 3 between sulkjects factors (sex, diet,
exercise), apdé ! withir subjects factor {age). Total
calcric intakes also were analyzed as a 2x2x2 factcrial
design without the within subjects factor. The ernergy
expenditure data were analyzed by aralysis of variance using
three separate designs. The first design (referred to as
the full desicm) was a 2x2x2x232 factorial design using 3
betveen-subject factors ({sex, diet, exercise) and tvo
vithin-subject factors (age: 2 levels; meal: 3 levels- RHR,
CIT!, DITZ). The seccrd desigr was a 2323232 factorial
design on RMF only, using the same 3 Lketween-suljects
facters as ir design 1 and age as a witlin-subjects factor.
The thirq design was z 2x2x2x2 factcrial design with the
came four factors as in desigm 2 on overall DIT. Cverall

TIT was defined as the rercentage ircrease above EPE for the



82

first hour fcllowing tke meal [30(DIT1 + L[IT2) -

60{RMR) ]/€E0(RMR) . A1l pcst hoc tests vwere performed using
‘the Neuman-Keuls method. Complete 2NOVA tables fcr
Experiment 1, along with cell mears and standard deviations
for the higliest order interactions, are reported ir Appendix

a.
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RESULTS

Epergy Expenditure-

When 0Z consumption rates were analyzed using the full
desiqgn, it swas found that females bhad overall 02 ccrsumption
rates that were sigrificantly tigher than those of males
{rean Q02 consumption for females was 26.28 ml/min/kg versus
23.51 ml/mir/kg for males, p<.d01). However, some of the
difference is due tc¢ a higher RMR ir females. Festlts of
the RMR ANCVA showed that males and females did nct differ
in RMR at 4€ to 56 days of age, brt they were different at
the second measurement (86 to 103 days of age). By the
second measurerent, the RMR of rales had dropred
significantly telow that of the females, which did not
change fror the first reasuremert {Table 1).

The high EMR seen in females also was a functicn cf
diet. PFemales eating the lat chow diet had significantly
higher RMR than either of the supermarket diet grcups {rmales
or females), and higher than that ¢f the male lab chow group
{Iable 2) . Even when KMR was expressed as a furcticn cf
metatolic mass (ml/mir/body weight to the three quarters
povwer) , the ferale lak chcw grcur remained the highest and

the rank orxder of the groups did not change.
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Table 1

Resting metabolic rate (02 consumption in ml/min/kg)

Males Females
46-56 days 23.47 24.45
86-103 days 18.081 22.04

(n=20) (n=23)

1l different from all othefr values, p=.0l
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Table 2

Resting metabolic rate (02 consumption in ml/min/kg)

Males Femalés
Lab chow 19.97 24.521
(n=9) (n=12)
Supermarket diet 21.43 22.07
(n=11) (n=11)

1l different from all other values, p=.01
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The aksclute values for DITY ard DIT2 were higher for
females, Lkttt when DIT was expressed as a rercentage of RME
{cverall DIT), males and females did not differ (Takle 3).
Bowever, overall DIT varied with age as a function of sex.
While the overall DIT of the females at 46 to 56 days of age
was higher than that of the males ({Table 4), it drcrped
significantly cver the next fcur weeks. There was no change
in DIT as the males aged.

DIT vwas also a function of diet. Results cf the full
design ANOVA shovwed that aninals eatirg cnly léb chow had
higher overall 02 consumption rates than animals wkich had

‘access to the supermarket diet (25.99 ml/min/kg vs 24.08
rl/oinskg, p<.07). While some of the difference was due to
the bhigher RMR c¢f the labt chow females {Table 2), the lab
chcw animals also had significantly higher dietary-induced
thermogenesis (Table S). DIT1 and overall LCIT Lkotl were
significantly tigher ir the lab chow animals. The pattern
cf results was not changed when metatolic measures vwere
expressed as a functicn cf metabkolic mass.

Results of the full design BNOVA showed that exercised
animals had cverall 02 corsumgticeo Iates that “ere higher
than those of sedentary animals {24.16 vs 20.04 ml,/min/kg,
p<.01). Exercise did nct interact significantly with the
meal varialle or the age variable Arpendix A). Furthermore,

neither RMF ncr [IT showed any significant effects due tc
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Table 3
02 consumption
n RMR DIT1 DIT2 Overall
(ml/min/kg) (ml/min/kg) (ml/min/kg) DIT
Males 20 20.77 26.981 22.792 20.66%
Females 23 23.242 31.421 24.14 21.03%

1 gifferent from all other values, p=.01
2 gifferent from 20.77, p=.01



Table 4

Overall DIT (%increase above RMR during 1 hour after meal)

Males

46~-56 days 20.49
86-103 days 20.83
(n=20)

Females
26.441
15.62

(n=23)

1 gifferent from 15.62, p=.01

88
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Table 5
02 consumption
n RMR DIT1 DIT2 Overall
DIT
(ml/min/kg) (ml/min/kg) (ml/min/kg)
Lab chow 20 22.471 33.35 24.16 25.38%2
SD 23 21.771 27.44 22.98 "16.74%

1l different from all other values, p=.01
2 gifferent from 16.74%
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exercise.

The age maip effect in all three ANOVAs was
statistically significant. All aspects of metabolic rate
decreased uith age. However, there was no significant
interacticn ¢f the age variable with diet in any analysis.
The rattern of RMR and [IT results were the same fc¢r lab
chov and surersarket diet animals at toth ages. Tltere was
no major change in the pattern ¢f metabclic rates ketween U6
tc 56 days of age and 86 to 103 days of age.

Caloric Intakes Superrarket diet animals ate mére than lab
chovw animals {12913.77 vs 1069(0.35 kcals/kg, p<.0'), and
exercised animals ate more than sedentary animals (29253.27
vs 26955.51 kcalskg, r<.09). Svrprisingly, overall intakes
between males and females vere not significantly different
{Appendix 3). »

However, the three-way interactior among sex, diet, and
exercise was significant for total caloric intake (Table 6).
Exercise signficantly increased calcric intake only in males
cating the lal chow diet. The increase was large enough so
that the intake of the male LC-F group was not sigrificantly
¢ifferent frcr that ¢f the male SD-E grcup. Exercise did
nct increase the intake of any other group when ccapared to
the sedentary grcup cf the same sex which was eating the
sapme diet., Houwever, with the exception c¢f the exeircised

male animals, the supermarket diet groups all ate
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Table 6

Total caloric intakes (kcal/kg)

Males Females
Sedentary Exercised Sedentary Exercised

Supermarket diet 27626.55°5 30138.962 29988.453 31347.821

(n=8) (n=7) (n=7) (n=8)
Lab chow 24169.35 29031.38% 26414.80 26132.31
(n=8) (n=5) (n=8) (n=7)

1 gifferent from 27628.55 and all lower values, p=.01
2 different from 26414.80 and all lower values, p=.01

3 different from 27628.55 and all lower values, p=.01

4 different from 26414.80 and 26132.31, p=.05; different
from 24169.35, p=.01

5 different from 24169.35, p=.05
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significantly mcre thar the ccmrarable lab chow grcups.

Bcth male and female sedentary animals eating the
supermarket diet overate by 14% as ccmprared to the same sex
lab chow sedentary groups. Supermarket diet exercised males
ate 4% more than lab chow exercised rales over the course of
the experinment, while supermarket diet exercised females ate
20% more than lab chow exercised females (Table 6).

Caloric irtakes alsc vwere examiped over tvwo different
age spans, Period ' was frch wearing tc the beginning of
the first measurement of energy expenditure (2§ tc 46 days
of age). Pericd 2 was frcr the end of the first energy
expenditure measurement until the leginning of the second
{56 to 86 days of age). The ANCVA performed cr thcse data
used the tlree tetweer-subjects factcrs and age as a
ﬁithih*subiects factor.

There was a significant three~way interaction among
age, sex, and diet ({Tatle 7). Turing the first pericd of
measurement, supermarket diet rales and females did not
differ in amount eaten, but lak chow males ate more than lab
chow females so that relatively speaking, the supeimarket
diet males vere overeating to a greater extent thar the
supermarket diet females. Durirg the second period, for
bcth supermarket diet and lab chow groups, the females ate
more than eitker comparable male grcur., A&t both ages male

and female svupermarket diet animals ate more than lab chow
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Table 7

Total caloric intakes (kcal/kg)

Males Females
SD diet Lab chow SD diet Lab chow
21-46 days 15949.832 14420.593 16347.701 13077.613
56-86 days 8400.95° 7606.08 9796.544  8860.85°
(n=15) (n=13) (n=15) (n=15)

1l gifferent from all valﬁes except 15949.83, p=.01
2 gifferent from all values except 16347.70, p=.01
3 different from all lower values

4 gifferent from 8400.95 and 7606.08, p=.0l; different
from 8860.85, p=.05

5 different from 7606.08, p=.01
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animals.

There alsc was a significant three-way interaction
among age, s€X, and exercise (Table 8). During the first
reriod of measurement, exercis€d males ate more tharn
sedentary rales and mcre than females in either exercise
ccndition. Exercise significantly increased the fccd intake
of the males and that cnly duripg the 21 to 46 days period.
The food intake of all 4 groups decreased with age, with the
males decreasing more than the females. The exercised males
had the greatest decrease, sc that they were not
significantly different from the sedentary males at 56 tc 86
days of age. The decrease for females was not as great as
tkat in the rales, sc that females were eating significantly
mcre than their respective male groups during the seccnd
pericd.

In order to determine if the young, growirg arimals
were protein deficiert, rrotein intakes were calculated for
each group during the period from 44 to 45 days of age.
There did nct seem tc te any majcr differences in protein
intake per kg cf body weight amcng the grougs at this time
{Table 9). Thus, the supermarket diet animals were not

severely rrctein deficient at this time,
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Table 8
Total caloric intakes (kcal/kg)

Males Females
Sedentary Exercised Sedentary Exercised
21-46 days  13908.92% 17014.361 14790.75% 14634.55°2
56-86 days 7812.90  8323.91 8978.24%4 9679.153
(n=16) (n=12) (n=15) ' (n=15)

1l gifferent from all other values, p=.01l
2 gifferent from all values below 13908.92, p=.01
3 gifferent from 8323.91 and 7812.90, p=.01

4 gifferent from 7812.90, p=.05
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TABLE 9

Protein intake at 44-45 days of age (g/kg body weight)

SD-E SD-S LC~E LC-S
Males 37.27 34.11 39.90 32,51
(n=7)‘ (n=8) (n=5) (n=8)
Females 32.44 31.48 35.60 34.09

(n=8) (n=7) (n=7) (n=8)
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Body Reight-

Male aspirals weicted significartly more than female
animals totk at the beginning cf the first energy
expenditure measurement {46 days of age) and at tte
teginning c¢f the secord enmergy exrerditure measurement {86
days of age). Figure 2 presents the body weight curves for
all eight grcupgs. It can be seemn that the ramk ordering cf
the various grcups shcwed a different pattern for males and
females.

superrarket diet arirals uere not siqnifiéantly heavier
than lab chow animals at 46 days of age. However, at 86
days of age, supermarket diet arimals significantly
cttweighed 1lab chow animals ({(Takle 10).

There was nc difference between exercised and sedentary
groups of either sex at U4€ days c¢f age {Table 11), By 86
days of age, both exercised groups weighed less than their
ccmparable sedentary grcur with the greatest difference

betsveen the male sedentary and exercised groups.

Eody Eat-
The Lee Index values showed significant main effects
fcr sex, diet, and exercise. Males were fatter than females

{2975 vs .28¢0, p<.01), superrarket diet animals vere

fatter than lab chow animals (.2980 vs .2879, p<.01), and
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TABLE 10
Body weight (grams)
Lab chow Supermarket diet
46 days 192.52 200.47
86 days 320.791 369.871
(n=28) (n=30)

1l gifferent from all other values, p=.01



100

Table 11
Average body weights
Males Females
Sedentary Exercised' Sedentary Exercised
46 days 228.50% 218.752 174.14 169.29
86 days  455.251  388.58l 285.141  262.351
(n=16) (n=12) - {n=15) (n=15)

l gifferent from all other values, p=.01
2 3ifferent from all values kelow 218.75, p=.01
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sedentary animals were fatter than execrcised arirals {.2955
vs .2903, p<.01).

Independent of diet and sex, exercised animals were
leaner than sedentary anisals at both 56 and 103 days of age
(Iable 12). Also the sedentary animals got fatter as they
got clder, tut the exercised arizals did not.

The three~wxay interaction among age, sex, and diet was
significant ({Tatle 13). A4t bcth 56 and 103 days of age,
supernarket diet animals were fatter than lat chow anirmals.
This was true fcr both males and females. ualés ir both
diet conditicrs were fatter than females in the ccumparable
diet conditicn at both ages, and roth males and fermales
eating the surermarket diet got sigrificantly fatter from
age 56 days to age 103 days. However, the lab chcw animals
did not get fatter during the sare time period, and female

lab chow animals became significantly leaner.
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Table 12
Lee Index
Sedentary Exercised
56 days .29321 .2907
103 days .2977% .2900
(n=31) (n=27)

1l qifferent from all other values,

p=.01l
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Table 13
Lee Index
Males Females
Lab chow sD Lab chow SD
5¢ days  .2919° .30002 .2847% .2015°3
103 days .29413 .3027¢ .2821 29772
(n=13) (n=15) (n=15) (n=15)

l gifferent from .3000, p=.05; different from all other
values, p=.01

2 different from all values below .2977, p=.01l
3 §ifferent from all values below .2915, p=.01
4 gifferent from .2821, p=.05
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Ciscussion

Daily fcrced swirning led to overall C2 consumption
rates that were significntly higher than thcse c¢f sedentary
animals. The increase was a ccmbination of an increase in
RMR and in [IT, since neither alone sigmificantly increased.
This suggests that exercise had effects on enerqgy
expenditure which outlasted the exercise itself. While
changes in aerctic caracity were nct measured in this study,
the exercise program was similar to that used by Fenpargkul
and Scheur (1970), which significantly increaséd a€rokbic
capacity. Therefore, it seems reascnable tc assume that
exercised animals in this study had enhanced aerctic
capacities alcpg with increased 02 ccnsumption rates. 7The
results in this experiment showed that the effect cf
€xXercise was cr overall metabolic rate, nct specifically on
RMR cr DIT. Since the metalolic measures in this experiment
were taken cver such skcrt pericds cf time, longer
gcnitoring of oxygen consumption rates could mcre accurately
identify the srecific effects cf exercise. Thus, shile some
effect of exercise on metabolism was detected in ttis study,
the increase fcund ccvld ke very imrcrtant over the course
cf a day, or a week.

In both males and females, exercise feduced tte kcdy
weights of the ampimals cn the supermarket diet. Thus,
arimals in gcod physical condtion were tetter atle to deal
with the e3xcess calories in the supermarkei diet without

Lecoming ckese., Both the calcric ccst of the exercise and
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the increased energy expenrditure thrcugh heat prodtction may
have been irpcrtant variables acccuntirg for the fact that
exercised animals were leaner than sedentary amnimals.
Therefore, individual differences ir rthysical conditioning
pight accctnt for the great varialtility reported amcng
sukjects in tcth luxuskcnsumpticn ard body weight gain upon
cverea ting.

There were clear sex differences in the way in which
diet and exercise produced ltody weight and fccd intake
changes. Exercise ha¢ a greater effect cn bodf veight in
rales than did diet. The weight decreases in toth
supermarket diet and lab chow arirals in response to
exercise were large in comparison to the increase fproduced
ty the supermarket diet. The increase in fcod intake
rrcduwced by exercise in lab chow animals was greater than
the increase produced ty giving sedertary animals a
supermarket diet. However, exercise did not affect focd
intakes of surerparket diet aninmals.

A different pattern was seen in ferales. Diet affected
rody weight ard food irtakes much mcre than did ezercise.
The supermarket diet produced significant increases inm both
tody weight ard food intakes fcr bcth exercise conditons,
vhile exercise produced no changes in food intakes in either
diet conditicr, and crly a decrease in bcdy weight for
animals eating a supermarket diet. The finding that the
food intakes cf lab cltcw exercised animals did not differ

frcm those of sedentary lab chow animals should have
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resulted in a greater reduction in kody weight thar was seen
in the male lab chow exercised group, which did ircrease
food intakes. It aprears that the exercised ladb chow
females partially compensated ty lowering their DIT.

Some cf these results are in agreement with a previous
report {Rolls and Rowe, 197%), which fctnd that adtlt male
and female hooded rats given a supermarket diet amnd access
to a running wheel resrcnded differenrtly. In that study, as
in this one, exercised male animals given a supermarket diet
did not beccme heavier thanm lalb chow sedentary.animals and
exercised female supermarket diet cnimals did teccme heavier
than female lal chow sedertary animals., However, in that
study the body weights of the exercised supermarket diet
animals were nct siqgrificantly lcwer than those of the
supermarket diet animals after 9 weeks of the diet. In this
study, weights cf the surermarket diet exercised females
renained lower than thcse of the surermarket diet sedentary
animals.

One of tte mcst irnteresting results was that male lab
chov animals increased their fcod intake in resgonse to
exercise and female lat chow apirals 4id not. There are
rerorts (Nance et al., 1977; Oscai et al., 1973) that the
opposite is true. The discrepancy can te explaine¢ in males
hecaqse mcst irvestigatcrs have failed tc take body weight
differences into account when expressing focd irtake and
when corrected fer kcdy weight sculd rrobably show increased

intakes for ezercised males (see Chapter VI for a review).
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The discrerancy is not easily explained for ferales. There
have been few studies which have examined the effect cf
swinming on iptakes in fewmales, bttt some investigators found
that exercised females did increase food intake ir resronse
to 2 hourss/day (Crews et al., 1967) cr 6 hourss/day ([Oscai et
al., 1973) of swimming. |

dveraged across se€Xx, the nmagnitude of the increase in
becdy fat proctced by the supernmarket diet was greater than
the magnituvde of the decrease produced ty exercise, althcugh
toth effects vere sulkstantial. It is irteresting that
althcugh the exercised latk chow females did nct differ in
tody vweight frcm the lak chow sedentary group, they were
leaner.

Early exrcsure tc the surermarket diet led to C2
ccnsumption rates that were significantly lcwer than those
of apimals eating orly a standard labcratory diet. This
difference was most clearly seen in the post-prandial
increase in metabolic rate immediately after a meal (DITYV).
RMR and DITZ were alsc lower fc¢r svpermarket diet animals,
but not significantly so.

Rothwell and Stock (1980a), retorted that weanling rats
given a highly palatatle diet for 14 days, similar to the
present one, cverate ty 50%. While the rats overate onm the
palataktle diet, they did not becore heavier than ccntrols,

Hcwever, they did expend significantly more energy as heat.
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In the present study, superrarket diet animals overate
ty 21% over tte entire exrerirert. They were not
significantly heavier than controls at 46 days of age, but
were at 86 days of age. Bcth their RMR and DIT were lover,
nct higher than controls. Animals in this study had access
to the palatalle diet fcr a lcrger rericd of time Leginning
at a younger age. They also overate this diet to a lesser
- extent than the animals in the Rothweil and Stock study. It
is possible that one or both of these factors acccunt for
the differences.

A1l arinzezls were given a 3¢ kcal meal after the RHMR
test and befcre DIT was measured. The irtent was tc¢ prcvide
each animal with a larger than rormal meal. Most animals
ate all or nearly all of the meal. When the arcunt eaten
was expressed as a percentage cf ncrmal daily intake, values
ranged from 20 to 35% of normal. Supermarket diet amimals
tended to te ir the lcwer part c¢f£ that range. This
difference might account for some of the differences in DIT
between lab chow and supermarket diet animals. Hcuever, all
animals ate @ meal cf scfficiert size tc constitute
cvereating. Still, if there is a linear relaticanstip
tetween the amcunt cf cvereatirqg and the amount of enerqgy
expended throvgh heat, perhaps some of the reduced DIT with
the supermarket diet cculd be explained.

The animals given a supermarket diet at 21 days of age
did not immediately gain weight despite their cvereating.

Simpson et al. [1980) rerorted a similar delay in weight
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gain when wearling fenale rats were given a supermarket
diet, and they reported that the weight gain began at about
56 days of age. An inspection of the tcdy weight curves for
tbe eight grcurs [Figure 2) shcws that there is no single
pcint at which the supermarket diet animals sudderly began
to increase their body weight in relaticn to the lat chow
animals. The tody weight of the surermarket diet animals
gradually increased throughout the experiment. Hcuever, all
of the supermarket diet animals were fatter than lab chow
animals at 56 days of age.

The early failure to increase bcdy weight in the
animals eating the supermarket diet did not appear to ke due
tc protein deficiency., At 46 days cf age neither growth
rates nor protein intakes differed differentially ty diet or
exercise. Even though the protein content was lower in the
supermarket Giet, the arisals eating that diet ate
ccnrarable amcunts of protein to animals eating lat chcw.
This was due tc the ircreased intakes of the animals eating
the supermarket diet amd tc the fact that those animals
cbtained a rrotion of their daily intake from lab chow.

It is pcssible that a metabclic shift occurred at some
roint in the early life of the supermarket diet arimals sc
that calories which were previctsly exrended as heat were
rut into body weight. ©No shift in metalolism at 56 days cf
age was detected in this study. The results showed no major
changes in the 02 consumption rates cf either the

supermarket diet or the 1lab chow animals frcm 4€ tc 56 days
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of age to €€ to 1303 days of age, tut the metabolisn of the
supermarket diet animals already was significantly Lelcw
that of the lat chow arimals at 46 days of age. Changes in
eating patterns also do not seem to te an adeguate
explanaticn fcr the delay in weight gair. Bnimals eating
the supermarket diet clearly were overeating befcre 56 days
of age and, if arythirg, ate less drtring the latter time
reriod. A shift in metabeclic rate already had occrurred
earlier than 46 days of age. And, the supermarket diet
animals were, in fact, fatter at 56 days of agé than the lab
chov animals.

$upermarket diet anirals t%ere nct heavier than lab chow
apimals at 46 days of age, but they were significartly
fatter. Durirg the pericd frcm 22 tc 46 days of age, it
seems that they were adding body fat at the expense of lean
tody mass. Kavnarek and Hirsch {1977) fcund the same effect
in weanling rats given access to a 32% sucrose soluticn in
addition tc aé 1lib. access tc chcw.

Springer and Gorman {1977) reported that in adglt rats,
females gained more weight on the supermarket diet as
compared tc female ccrtrols thar males as compared to male
ccntrols. In this study the weight gain of sedentary
anipals surrcrted thcse results. Ferale SD-S animals gained
mcre weight than male ST-S when each was ccmpared with the
same s€x ccrtrcls. Hcwever, fcr exercised animals, the
veight gair was approximately equal for male and ferale

supermarket diet animals as ccrparted tc ccntrols.



XI. EXPEEIMENT 2

The clesity prcdrtced ty a surermarket diet in adult
rats is reversible when the diet is witkdrawn (Sclafani and
Gorman, 1977; Rothwell and Stock, 1979b; Stephens, 1980)..
The loss of tody weight when supermarket diet animals are
returned to chow has teen attrituted to roth a reduced
caloric intake ard an increase in metabolic rafe {Fothvell
and Stock, 1979a,1979Lk). The reversibility of chesity
produced in weanling rats has rc¢t been studied. 1Imn this
exreriment, animals which had teen ¢iven access tc a
supermarket diet for 82 days, were studied for apricxikately
€60 days fcllcwing diet withdraswal. Energy intakes and
exrenditures vere measured along with btody weight &nd kody

composition.

Methods
Subjects were 19 usale and 22 female Charles Fiver CLC
cutbred albinoc rats. 311 of the animals on the sugermarket
diet in Experiment 1 were used, as well as additional
litterma tes which had keen raised on a diet cf Purima Rat
Chow and water. One-tkalf of these littermates had been
ferced to swim for 2 hours daily since weaning., Tte

remaining cre-half were sedentary.
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Animals wkich haé¢ received the supermarket diet since
Weaning were taken off that diet at 104 days cf age and
given only Purina Rat Chow and water ad libitum. The
exercise conditions were not changed for any of the anirpals.
The resulting eight groups were as follows:

1) Male (Female) SD-E. These anirals had access to the
supermarket diet from weaning until 104 days cf age at
which tire they vwere suitched tc lab chow only. They
swam Z tkcurs daily, beginring at weaning and
continuving throughout this experiment. |

2) Male (Female) SD-S. These animals had access to the
supermarket diet from weaning until 104 days cf age at
which tire they were suitched to a lak chcw cnly diet.
These zrimals did nct exefcise at any time.

3) Pale (¥emale) LC-E. These snimals were raised cn Purina
Rat Ckcw only ard ccntinted tc eat only lab chow.

They swam 2 hours daily, lkeginning at weaninc and
contipuing throughout this experiment.

4) Male (Female) LC-S. 1These apipmals were raised on Furia
Rat Cho¥ only and continued to eat only lak chow.
These arimpals did nct exercise at any time.

Derendent Variables

Eneragy Exrenditure. All arimals had energy e€xrenditure
measurement taken befcre the diet change took place [86 to
103 days of age), and again at 147 tc 171 days of age. The
testing procedures uere the same as in Experimert 1 {RMR,

LIT1, and L1712 were deterrzined). Serarate analyses of
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variance vere performed for EMEF and overall DIT.
Caloxic Intakes. Irtakes vwere reccrded 3 times weekly for
each animal ard expressed as kcal/ka of kody weigkt.

Ecdy Weights. Analyses of body weights uere performed at

1023 and 171 days of age. 2t each age, the "body weight" for
each animal vwas taken to te the mean of a 5-day period
centering cr day 103 and 171,

Bedy Fat. Estimates of body fat were made using the Lee
Index, at 103 and 171 days of age.

Citrate Synthase.

Changes in maximum aerobic capacity were not directly
meastred in this study. However, a numker of muscle
enzymes, including citrate syntkase, are kncwn to increase
¥ith a training program which also increases maxinur aeroktic
capacity ({Winder, 1974; Hclloszy et al.,, 1970; Holloszy and
Bceth, 197€) . At the end of this experiment, arigals were
anaethesized with Nemkutol ({sodium pentotartitecl) . The
gastrocneriuvs ruscle vwas removed frcm the right leg of each
anrimal, weighed and stored frozen. The muscles were thawed
and inmediately homcgerized in 10 vclumes {vol.wt) of 0.1 M
Tris-HCL, rH €.0, in a Polyton homogenizer (Brirkumann
Instruments, Inc.). The samples were centrifuged at 12,000
X g for 1'% pmirutes at 2 degrees Certigrade. The supernatant
fracticn was retained for enzyme assay. The pellet was
resuspended ty homcgerizaticr in the original volume of
tuffer used fcr the iritial homcgenizaticn., Both the

supernatant fraction (diluted 1:2) and the resusgerded
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rellet fraction {diluted 1:3) were assayed for total
activity of citrate synthase in the tissuve, using the
rrccedure ¢f Shepherd and Garlard (1969). The assays vere
initiated ky the addition of enzyme and the atsorlemnce at
412 nm was reccrded for 2 minutes. Activity was linear for
this time ard linearly related tc the amcunt of enzyme.

Virtvally nc activity was detected withcut the additicn of

oxaloacetate.
Statistical BAnalysis

neasurerent of erergy experditure wsas anaiyzed as in
Experiment 1. <The design ¢f the experiment is showun in
Figure 3. A full desigmn analysis of variance was fperfcrmed
using 3 bketween-subject factors (sex, diet, and e xercise)
and 2 vithin-subjects factors {age and meal), Serarate
analyses of variance were perfcrmed for RMR and for overall
LIT (percentace of metalkclic ircrease over EMR for the first
hcur after the meal).

measurexent of tctal caloric irntakes and of citrate
synthase activity was analyzed using a 2x2x2 factcrial
tetween-sutjects desicr. nreasuvzerert c¢f body seight and
tcdy fat sere analyzed as a betueen-subjects 2x2x2 with age
as a within-sﬁbjects factor. A1l post hoc tests were
performed usirg the Neuman-Keuls method. 2ll ANCV2 tatles,
along with cell means for the highest crder interacticn are

in Appendix E.
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Figure 3

Design for Experiment 2

Between-Subjects Variables

Diet History

Lab chow (LC) Supermarket diet (SD)
Male Female Male Female
Sedentary n=7 =7 =6 =6
(s)
Exercise
History
Exercised n=3 n=4 =3 n=>
(E)

Within-Subjects Variables

l. Age. (2 levels which varied with the
different dependent variables)

2. Meal. (3 levels: RMR, DIT1l, DIT2). Used
in ANOVA for Oxygen Consumption only
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Results

Energy Expenditure-

Results of the full design ANOVA shcwed that there was
a significant main effect due to sex. Fepales had higher
overall metatclic rates thar males {23.47 vs 19.90
ml/min/kg, r<.010). Main effects for diet and exercise Fjust
missed significance. Fain effects for diet and exercise
also were nct significarnt in either the RMR or overall TLIT
ANCVA. An inspection of the cell means for these epalyses
(Appgndix B), shows that the differences due t6 diet and
exercise, although not significant, were in the sarme
direction as ip Experigzent 1. The numker of sukjects was
less in this experimert and, irp additicrn, animals were used
that were not used in fExperiment 1. The pattern cf the
individual cell mears for overall DIT ({Agfpendix B) was much
the =same, €xcept for tbe female LC~-E grcur. Hovwever, an
insgection of the cell means in the full design ANCVA
(Appendix B) shcows that the RMB cf those animals was
exceptionally high. 1Thus, the values for DIT! andé DIT2 at
both ages were higher than for amny of thke cther grcurs
{except fcr D172 at ace 1, which was the second highest
value at that age), but the overall LIT were high Lkecause cf
the high resting metalclic rate. Measurement of o3zygen
ccnsumption at 86 to 103 and 147 to: 171 days of age failed

tc show any significant differences (Appendix B).
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Calcric Intakes

From the time of withdrawal cf the supermarket diet
until the teginning cf the seccrd measure of energy
expenditure, females ate signficantly mcre calcries than
males {13007.C6 vs 105C7.90 kcal.kg, p<.0N . Animals which
rreviously had access to the supermarket diet ate
significantly less when given only lat chow thap did arimals
never havirg rkad access tc the surermarket diet {1IC
arimals=12197.56 kcal/kg, ST animals=10816.32 kcal/kg,
p<.01). There was nc overall sex difference ih intakes for
ST animals, tut for SD-LC animals, females ate significantly
pcre than gales {Table 14).

Prom the individual cell neans (Aprendix B), it cam te
seen that over the course of the experiuent,’male SC-S
animals ate 5% less than male LC-S animals, while female
ST-S animals ate 26% less than ferale 1C~S animals., For
exercised animals, male supermarket diet animals ate 1%
less than male lab chcw arirals and female supermarket diet
aripals ate 217 less than female lak chcw anirals.

Intakes alsc were calculated over €-day pericds,
teginning wher the surermarket diet sas withdrawn. An ANCVaA
with 6 levels of age vas performed op the intake values
during these reriods., During six 6-day periods the pattern
cf caloric intakes did not change. - Within e€ach 6-~day
period, animals with previous access to the superrerket diet

ate significartly less than arirals which ate only lab chovw.
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Total caloric intakes (kcal/kg)

118

Males

Supermarket diet 10129.71

Lab chow 10848.28
(nw19)

Females

11378.09

14636.03%
(n=22)

1l gifferent from all values, p=.01
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Females ate significantly more than rales and exercised
animals ate significantly more than sedentary apicals during
€ach 6-day reriod., Alsc, there was a significant overall
sex-diet interaction, tut this interaction already has teen
reported ir the previcus ANOVA ([Table 14).

Bedy Weights

Figure U4 presents the body weight curves for all groups
cf animals. Fesults of the ANCVA shovwed significart main
effects for sex, diet, and exercise. Males were heavier
than females {499.30 vs 311.45 g, p<.01), animéls Freviously
eating the surermarket diet were heavier than animals eating
cnly chow (4zC.21 vs Z€1.€0 g, r<.05), and sedentary animals
were heavier than exercised animals {427.80 vs 252.50 g,
p<.01). Alsc} there %as a significart sex-exercise
irteraction (Table 15). Among males, tut not arcng ferales,
execise led to lower tody weights. When a separate ANOVA
was perforned cn body weight at 171 days of age, the pattern
¢cf results was the same except that the main effect of diet
vas not significant {Arpendix B).

Also, there was a significant 3 way interacticr amcng
age, diet ané¢ exercise (Table 16). At the end of the
exreriment {day 171), sedentary arirals did not differ fron
lab chow animals in body weight, although they were
significantly heavier at the beginnirg (day 103). The
Fattern was different with exercised animals. Sugermarket
diet animals weighed more at the end as well as at the

teginning cf the experiment. Aall grcups significantly
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Table 15

Average body weights (grams)

Males Females
Exercised 418.002 308.83

(n=6) (n=9)
Sedentary 534.141 313.27

(n=13) (n=13)

1l gifferent from all other values, p=.01

2 diffgrent from 308.83, p=.0l1; different from 313.27,
p=.05




Table 16
Average body weight (grams)
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Exercised
SD Lab chow
103 days 365.88 301.43
171 days 392.38 342.71
(n=8) (n=7)

Sedentary
SD Lab chow
435.77 373.001
455.23  449.71 2
(n=12) (n=14)

all values differ, pP=.0l1 except:

1 not different from 365.88

2 not different from 455.23 or 435.77
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increased tlteir body weight frcry age 103 to 171 days with
the l1lalb chcw arimals gaining at a faster rate than the
supermarket diet groups.

The 3 way interacticn amcng age, sex, and diet was also
signficant (Tatbtle 17). At 103 days of age the twc
supermarket diet grcurs ({male ard female) weighed more than
their same sex lab chow ccntrols, but the difference was
greater for the female supermarket group. However,
focllowing withdrawal cf the strerrmarket diet, the weight
increase for the supermarket diet males was leés tkan that
of the lal chcw males, so that at 171 days of age the lab
chovw males weighed the same as the supermarket diet males.
A sirilar pattern occurred with the females. The
supermarket diet females gaired nc vweight following the diet
remcval while the lat chow females gained a significant
amcunt of vweicht, but rct enctgh tc egqual the vweights of the
supermarket group.

Eody Fat-

Lee Index values showed significant main effects for sex,
diet and exercise. Males were fatter overall thar females
{62972 vs .28¢€3, p<.01), anirals rreviouly eating the
surermarket diet were fatter overall than lab chow cnly
animals (.ZC7€ vs .28€%5, r<.01), and sedentary animals were
fatter than exercised animals {(.2957 vs .2875, r<.01).

The orly significart interacticn was for age &nd diet

{Takle 18) ., 1There was a significant decrease in fatness for
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Table 17

Average body weight (grams)

Males Females
sD Lab chow ' SD Lab chow
103 days 488.50 442.20 337.00 264.55

171 days 532.70 533.802 339.091  305.18
(n=9) (n=10) (n=11) (n=11)

all values differ, p=.01l, except:

E 1l not different from 337.00
2 not different from 532.70
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Table 18
Lee Index
Supermarket diet Lab chow
day 103 .30091 .2877
day 171 .29431 .2894
(n=19) _ (n=21)

1l different from all other values, p=.01
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the supermarket diet arimals over the ccurse of the
experiment, kvt at 171 days of age they were still
significantly fatter ttan lab chow cnly animals. There vere

no significant interactions with exercise.

Citrate Syntlacse
Only the main effect of exercise training ccrditicn was-
significant., Muscles cf exercised animals had significantly
higher levels of citrate synthase activity than thcse cf
sedentary arimals (20.€E vs 16.35 u moles/min/g tissue).
Neither diet nor sex had any effects on citraté syrthase

activity.
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Iiscussion

Obesity zfter early expcstre tc the supermarket diet
was found tc te reversikle, as with adult exposure (Sclafani
and Springer, 1976; Sclafani ard Gorman, 1977; Rothwell and
Stock, 197Stk) . The reversal essertially was complete in
sedentaty animals of loth sexes, kut not in exercised
animals. Reductions ir fccd intake, but not changes in
nmetabolic rates, were found to te important factors imn the
reversibility.

The pattern of food intake gives no clue as tc why tcdy
weights of the supernarket diet, exercised amnimals remained
high after diet removal. It was very surprising ttat there
was not a sigrificant diet~exercise interaction on food
intake. This means that there was no difference ir the
intakes of execised and sedentary svrermarket diet animals
after diet withdrawal. It would te expected that if the
intakes were the same, the weigqht reduction would te greater
in the exercised animals due to increased enerqgy ccst cf the
€exercise, It is difficult toc exrlain why the orposite
result wvas found.

Rolls ardé Rowe (1€79) alsc repcrted that body weights
cf exercised supermarket diet zmimals remained sigrificantly
higher thar tcdy weights cf exercised ccntrols when the
stpermarket diet was removed. Eowever, they alsc fcund the
same lack of reversibility in tody weights cf sedecrtary

animals vten tke diet was withdrasun.
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The pattern of fccd intakes seen in this study was very
édifferent frcm previcus regports. Rcthwell and Stock {1979b)
fcund no difference in intakes letween arimals previously
eating a surerzarket diet ard ccntrcl animals dvring the
first 12 days after supermarket diet withdrawal. ERut,
during thcse 12 days, the bcdy weights of supermarket diet
animals retuirred to ccuntreol levels. In a second study
rerorted in the same paper, Rothwell and Stock fourd that
the animals tecame Lkyrcrhagic when the supermarket diet was
withdrawn, buvt that the reduced intake was notAsufficient to
explain the reduced tcdy weights. BRclls and Rowe [1979)
fcund a temporary reduction in food intakes of male and
female hocded rats after removal cf the supermarket diet,
vhich subsedquently became signficantly bhigher thar the
intakes of ccrtrols.

In this experiment, food intakes of all surermarket
diet animals cCecreased significantly when the diet was
withdrawn, and remained below control levels thrcuchout the
experiment, Even wher the intakes were examined over
stbsequent 6-day pericds after superrarket diet withdrawal,
the same reduction was seen in each gericd. For every 6-day
rericd, rank crder cf mear calcric irtake was the =ame.

In exarining the pattern of food intake after
supermarket diet withdrawal, it arpears that a redvction in
fcod intake played a larger role in reducing the clesity in
females thar ir rales. Tkis is particularly true of

sedentary animals. For both mele and female sedertary
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stpermarket diet groups, the rate of weight gair slcwed so
that the sedentary lat chow groups cauglkt ur. But the
reduction ir tctal intake ccmpared to the same sex sedentary
ccntrols was 26% for females, and only 5% for males. It is
rossible ttat the metkcds by which cbesity reversal occurred
were different for the twc grovurs.,

Neither overall metaktolic rate nor overall DIT was
higher initiezlly in the supermarket diet animals in this
study. Since many of the animals in the study were used in
Experiment 1, it was exrected that there uouldhbe such a
difference. 1lack of such difference primarily was due to
the ;ow DIT cf the lal chcw, exercised grcug. These animals
had a very lcw CIT, and there was a trend toward a lowering
DIT with time even in Experiment 1. It is not surgrising
that these animals would te conserving rather tlkan wasting
energy. They were the leanest and the lightest cf a3ll the
groups and were expendirg energy daily in swinming. Under
such circumstances, it would Lke not te exrvected thet a high
LIT would have survival advantages.

Some animals which were not used in Experiment 1 were
used in this experirert. Althcugh these animals vuere
littermates, it is possible that the amount of individual
variability in LIT, even in such a populaticn was tigh.

This could acccunt partially fcr the failure to find a

significant difference.
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However, the reports (Rothwell and Stock, 197%a, 1979b)
that energy exrendi ture increased with supermarket diet
removal were nct sukstantiated by this study. FHothuell and
Stock found that the increase in energy expenditure after
supermarket diet withdrawal was the madjcr cause of the
reversibility of body weight increases. In this study there
were no sigpnificant metabclic changes associated with
changing from a supermarket diet to a lab chow diet, but the
veight reversibility occurred, at least in sederntary
aninmals. |

The increase in ftody fat, as estimated by the Lee
Index, was sicnificartly greater for the 1IC animals than for
the SD aninals. The latter group actually tecare relatively
leaner over ttre course of the experiment, but none of the SD
grcups became relatively leaner than the comparable LC
grougs. This findirg is not in agreement with that repcrted
}y Stephens {1980) whc found tkat ir rale hcoded rats,
animals became leaner {as determined by carcass aralysis)
than contrcls when the surermarket diet was withdrawn.
Hcvwever, he measured tody fat 1¢0 days after disccrotinuirg
the supermarket diet, ccrrared tc less than 50 days in the
present study. Thus it remains pcssible that the
supermarket diet animals in this study may have ccrtinued to
kecome learer with tire.

The higher citrate synthase activities in exercised
animals surrcrt the argument that the exercise rprcgram used

in this exreriment, and, in the previous one, increased
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aerchic capacity since it is an excellent marker erzyme for

the effects ¢f training (Hollcszy ard Bcoth, 1¢76).

R AR e A,
R S Pl ol

S

sl



XIIXI. EXPERIMENT 3

The first experiment assessed the effects cf early
exposure tc a supermatket diet and the effects of early
aercbic exercise on enerqgy intake and expenditure inp
weanling rats. In crder to ccrrare thcse results uith the
changes in focd intake and energy expenditure seen in adult
rats, a third experirent was ccrducted. The supermarket
diet used in Experiment Y was given to adult anmimals, scnme
of which had received daily aercbic exercise since weaning
and some of which had received no exercise. Agaim, the
effects of diet and exercise or energy intake and
exrenditure uere measured.

Few other studies using a supermarket diet have
attempted tc measure calcric itrtake, and the opes vwhich did
vsed only sedentary rats and failed to report all relevant
values {Rothwell and Stcck, 197%%, 197Sb; Rolls and Rovwe,
1679) . Accurate measures of caloric intakes in adult rats
were taken in this experiment.

Accordirg to the hypcthesis that heat production is
related to degqree of physical fitness, animals whiclk have
Feen exercised since weaning shculd be able to expend more

cf the excess calories consumed from a supermarket diet as

132
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heat. This vwould allow these animals to Lketter resist tody
weigkt charces, since less enerqgy wculd be availakle to ke

ccnverted into body fat.
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Methcd

Subjects vwWere 22 female and 13 male Charles River CD
outtred altinc rats. all anipals were sweaned at z1 days of
age and received only Furina Rat Chow and water ad likitusn
until they were 108 days cf age.

The design of the experiment originally was a 2x2x2
factorial . Bcewever, Lty 108 days ¢f age there were only 2
pale exercised animals survivirg. The cthexr 8 of the 10
arimals that originally were designated to be used in this
experiment drcwned befcre they were 108 days of age. In
addition, 2 exercised females drowned tefore the beginning
of the experiment and 1 male died early in the exreriment.
Considerinc tte two enmpty cells ir the criginal design, it
¥as decided to analyze the experiment as two, 5x5 factorial
designs (Figure 5). Design 1 included cnly females.
Animals were in one of 2 diet conditicns (lab chow or
supermarket diet), and were in cne of 2 exercise ccpnditicrs
lexercised cr sedentary). Design 2 included only sedentary
animals. 2nimals were in one of 2 diet comnditicrs lab chow
or supermarket diet.

Beginrirg at 108 days of age, cre-half of the exercised
females, cne-half of the sedentary females, and 6 c¢f the 13
sedentary males were given access tc the supermarket diet
described in Experiment 1 along with ad likitum access tc
chow and water. The exercisirg arirals continued to

exercise for 2 hr/day, 5 days/week.



Figure 5°

Design for Experiment 1

Sedentary
Exercise (s)
History
Exercised
(E)

Supermarket diet

* (SD)
Diet
History
Lab chow

(LC)

Diet History

Supermarket Lab
diet (SD) chow (LC)
=7 =77
n=4 n=4
Sex
Male Female
n=6 n=7
n=7 n=7

Within-Subjects Variables

l. Age.

2. Meal.

(3 levels:

RMR, DITl, DIT2).
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Between~-Subject

Variables for
Design 1
(females)

Between-Subjects
Variables for
Design 2
(sedentary)

(2 levels which varied with the different
dependent variables)

Used only

with the ANOVA for Oxygen Consumption.
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The dependent variables were the sare as in Experipmert
2. Measures cf cxygen consumption were taken twice, at 86
to 103 and 147 to 171 days of age. Prccedures were the same
as in Experiments 1 andv2. Caloric intakes (kcals/kg) ard
tody weight were reccrded 3 times weekly. Estimates of body
fat, using thke Lee Index, were prade at 103 and 172 days of
age. Citrate synthase activity in the gastrocnemics muscle
was determined at the end of the exreriment using the
prcced ure described in Experiment 2.

Oxyger ccrsumpticr was analyzed for each aesign, using
2 Yetween-sutjects {diet and ezercise fcr design 1, sex and
diet for design 2), and 2 within-sulijects factcrs {age and
mneal), This aralysis will be referred tc as the full design
ANCVA. Separate analyses of variance were perfcraed fcr KRMR
and overall LIT, using the appropriate two tetween-sukject
factors for each desigr ard usirg tuic levels of age as a
ﬁithin-subiects factor. A 2x2 ANOVA was perforrmed to
analyze total caloric intakes ard citrate synthase for each
design. Fcr body weight and Lee Index values, a 2x2
tetween-sutjects with cne withir-subjects factor (age) ANOVA

was uvsed for each design.
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Results

Epnergy Expenditure- |

Design 1 ffemales). The full desicn showed significant
main effects fcr diet {lab chow arisals had a higlter 02
consumpticr), and for exercise ({exercised amnimals had a
higher 02 ccnsumpticn). However, the age-diet interaction
alsc vas significant {Table 19), independent of exercise.
The overall retabolic rates of the supermarket diet anirals
dropred sicnificantly mcre thar thcse of the léb chow
arimals frcom the beginning to the end of the experiment.
Lat chow arimals had significartly higher RMR overall than
supermarket diet animals (23.4C vs 20.47 ml/min/kg, p<.05).
This pattern did not change when grams to the .75 [cwer was
used instead cf kg wher exrressing C2 ccnsumption. The
age~diet interaction was not significant for ERME.

DIT stcvwed no significant iifferences due to diet, Lut
across bott aces was kigher fcr stupermarket diet animals;
the difference approached significance (20.97 ve 13.47
nl/min/kg, p<.059). The diet-exercise interaction, averaged
across age was significant for cverall DIT (Table 20). No
difference in overall L[IT existed between sedentary
supermarket diet animals and sedertary chow animals.
Hcwever, exercise had opposite effects on superrmarket diet
and lab chcw animals. It increased TIT in the supermarket
diet animals axd lowered it ir the lab chcw animals so that

the two were significantly different. The finding that
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TABLE 19

Oxygen consumption. (ml/min/kg) Design 1 (females)

Supermarket diet Lab chow
86~-103 days 25.50 26.06
147-171 days 20.611 24.09
| (n=11) (n=11)

1 different from 26.06 p=.,05; different from all other
values, p=.01
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TABLE 20

Design 1 (females)
Overall DIT (%increase above RMR in one hour after meal)

Supermarket diet Lab chow
Sedentary 16.08 17.76
(n=7) (n=7)
Exercised 29.50%1 5.98
(n=4) (n=4)

1 different from 5.98, p=.05
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metatolic rate was higker in the exercised animals was due
tc the higt LIT of the exercised surerrarket diet animals,
since RMR was lower in the exercised animals eatirg the
supernarket diet ({see Table 21). There was no significant
difference in FMR due to exercise, ttough overall FNR was
slightly higher for exercised animals ([see Appendix C).

The meal-diet-exexrcise interacticn in the full design
ANCVA (still c¢=ing females only) also was significant (Table
21). BRMR ¢id not differ Ltetween sedentary and exercised
supermarket diet animals nor between sedentary»and exercised
lab chow animals. The RMR of the lat chow exercised animals
was higher ttar that cf either sedentary group. Aalso, fronm
Table 21 it can be seen that the only group in which DIT!
was not significantly akove RMF was the lab chow ezercised
grcup, There vwere nc differences in DIT! or DIT2 among any
cf the groups.

Lesign- -2 (sedentary arimals). 1The cply significant main

effect from the full design ANCVA, using sedentary animals
cnly, was sex, with females having higher overall retaktclic
rates thar nales. However, the age-éex difference also was
significant {Table 22). HMetalolic rates of ferales were
only significartly higker than males at 87-103 days of age
and not at 147-171 days of age. The RMR ANCVA showed that
scpe of the difference was due to tte higher RMR cf females
{21.01 vs 1€.&C ml/nirs/kg, r<.01). The opposite patterm in
sex differences was found in overall DIT. The mair effect

of sex, according to the LCIT ANCVA, was significart cnly at
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TABLE 21

Oxygen consumption (ml/min/kg)

N B T AR R S R R B s

Exercised Sedentary
SD Lab chow SD Lab chow
% RMR 20.78 26.331 20.29 21.73
% DIT1 28.843 31.45 26.874 28.275
¥ DIT2 23.88 23.16 19.52 21.95
(n=4) (n=4) (n=7) (n=7)

1l gifferent from all values except 21.73, p=.05
2 gifferent from all other values in the row

3 gifferent from 20.78, p=.0l
4 gifferent from 20.29, p=.01l

5 different from 21.73, p=.01
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TABLE 22

Oxygen consumption (ml/min/kg) Design 2 (sedentary)

Males Females

[
4
B
¥
;v?';
R

86~103 days 20.10 25.081
147-171 days 18.81 21.14

(n=13) (n=14)

1 different from all other values, p=.01
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r<.082, uith males having the higher DIT (25.29% ve 16.92%).

There alsc was a significant meal-sex interaction in
the full desicr {Takle 23). It car be seen that LIT! for
becth males and females was higher than the respective RMR.
Bovwever, omly TIT2 fecr males was still significantly above
RMR.

Design-1 {females). Both the rain effect cf diet and
of exercise were significant, tctt their interacticr was nct.
Supermarket diet anirals ate 13% Ecre tctal caiories than
lab chow animals during the 40 days from the begirnring of
the diet urtil the tegirning c¢f the firal measurement of
energy expenditure (11464.53 vs 10156.28, p<05). Exercised
animals ate 12% more than sedentary animals during the same
rericd {V1€1£,43 vs 1C350.40 kcal/kg, r<.05). There was no
significant diet-esercise interaction.

Design 2 (sedeptary animals). Both sex and diet
significantly affected caloric intakes tut the interacticn
¥as not significant. Females ate 40% mcre than males
{10278.98 v= 7351.62 kcals/kg, p<.01), and supermarket diet
enimels ate 15% more than lab ckcw animals {951€.27 vs
8267.08 kcal/kg, p<.01).,

Body Feight

Desigr 1 (females). TFiqure 6 rresents body weight
curves for all grcurs in Experiment 3. The only significant
nain effect ir the design was due tc exercise, with

csedentary animals weighing the most. However, the
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TABLE 23

Oxygen consumption Design 2 (sedentary)
Males Females
RMR (ml/min/kg) 16.80 21.013
DIT1 (ml/min/kg) 22.462 27.571
DIT2 (ml/min/kg) 19.123 20.74
Overall DIT 25.29% 16.92%
(n=13) (n=14)

1l gifferent from all other values, p=.01
2 different from all other values zelow 20.74, p=.01
3 gifferent from 16.80, p=.05
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age—-exercise interacticr alsc was significant ([Table 24).
At the beginning of the experiment, exercised anirals did
not differ in weight from sedentary animals, but at the end
of the experiment, the sedentary animals weighed
significantly more, having gained twice as wmuck weight as
the exercised groups.

The diet-exercise interaction was significant (Tatle
25). The tody weight c¢f the exercised supermarket diet and
exercised lat chow arirals were almcst identical., The
largest differences were tetween the sedentary_supermarket
diet animals ard the sedentary lab chow animals, with the
fcrpmer group teing heavier, and tetween the lal chcw
sedentary erd lal chow exercised animals, with the former
grcur again being heavier.

The ace-ciet interacticn alsc ®%as significant {Table
2€) ., Although supermarket diet and lat chow animals did not
differ in weiqht at the beginning of the experimernt,
supermarket diet anirals were significantly heavier by the
end.

Design [sedentary arimals). As was seen with

s

Ins

females, surermarket diet animals weighed more at the end,
Yaut not at tke keginnirg cf the experiment ({Table 27). Thiis
shecus that‘the body weight increase was significartly higher
in the supertarket diet sedertary ferales than in the lab
chow females, since there was not a significant
diet-exercise interacticm and since the increase in body

veight with scpermarket diet access was qreater fcr females.



-
v{_‘\
o4
g
5
Zz
3

%
Py
i
o
FE
=
"

£
o

147

TABLE 24

Average body weights design 1 (females)

103 days
171 days

Exercised Sedentary
253.88 270.07
291.13% 353.711

(n=8) (n=14)

different from

all other values, p=.01
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TABLE 25

Design 1 (females)

Supermarket diet

Lab chow

Exercised Sedentary
272.63 323.71
(n=4) (n=7)
272.38 300.07

(n=4) (n=7)
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TABLE 26
Average body weights Design 1 (females)
Supermarket diet Lab chow
103 days 262.64 265.73
171 days 347.64% 314.27%
(n=11) (n=11)

1l gifferent from all other values, p=.01
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TABLE 27
Average body weights Design 2 (sedentary)
Supermarket diet Lab chow
103 days 368.00 375.00
171 days 486.081 456.861
(n=13) (n=14)

1l different from all other values, p=.01
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The overall effect for sex was significant with males
weighing mrcre than females, but the age-sex interaction was
nct significant {see 2ppendix ().

Eodvy Eat-

Design-_} j;ggg;ggl. An ANCVA on lee Index values
showed significant main effects fcr only exercise.

Exercised animals were leaner overall than sedertary arimals
{.2812 vs .2%C3, p<.01). The age-exercise interaction was
not significert tut tte age-diet interaction was {Table 28)..
Supermarket diet animals tecame signficantly fétter ky 172
days of age, wtile there was nc significant change in
fatness in the lab chow groups.

Desigr 2z _[sedentary apimals}). An ANCVA on lee Index
values showed significart main effects for sex, with males
teing the fatter, ard fcr diet with surermarket diet animals
being the fatter. However, the 3-way interacticn smong age,
diet and sex alsc was significapt (Table 29). At the
beginning of the experiment, there vwere no differerces in
tody fat Letween supersarket diet and lat chow grcugs fcr
€ither males cr females., Males were fatter than the
ccmrarable female animals for toth diet comnditicns. At the
end of the exreriment, the female supermarket diet group was
significantly fatter than the female lab chcw groug, but
neither male groups differed significantly. The ircrease in
fatness of surermarket diet males was nct significant, and
Was less than that of the females consuming the sugermarket

diet.
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TABLE 28
? Lee Index Design 1 (females)
Supermarket diet Lab chow
103 days .2829 .2830
172 days .2977% .2842
(n=11) (n=11)

1 different from all other values, p=.01
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TABLE 29
Lee Index Design 2 (sedentary)
Males Females
sD Lab chow SD Lab chow
103 days  .30072 .29633 .2864 .2843
172 days  .3057% .29892 .30462 .2857
{n=6) (n=7) (n=7) ) (n=7)

1 different from all values below .2989, p=.01
2 gifferent from all values below .2963, p=.01
3 qifferent from all lower values, p=.01l



154

Citrate-Syntiase

Design-1 [females). Levels cf citrate synthase
activity were btigher in exercised arimals but the difference
was not sigpificant (19.0€ vs 17.76 u mclessmin/gram of
tisste) . There was no significant diet effect.

Desigrn 2 {sedentary arirals). There was not a
significant effect cf sex or diet op citrate synthase

activity.
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Discussicno

The change from lak chow to a supermarket diet
increased Lkcdy weight, calcric intakes, and body fat in
cedentary adclt animals. These results were extected
{Sclafani and Springer, 1976; Sclafani.and Gorman, 1977;
Rclls and Fowe, 1978; Rothwell and Stock, 1979a, 1979b).
The change did not increase body weight in exercised
ferales, This result is nct in agreement with a previous
tepcrt {Rolls and Rowe, 1979).

The failure of the supermarket diet exercised females
.to increase tody weight ir respcnse tc the supermarket diet
was dque, at least in part, to an increase in DIT. Calcric
intakes of these animals were nct significantly different
frem those cf supermarket diet sedentary ferales wkich did
increase trocéy weight ir restonse to the supermarket diet.

It vwas cbvious from results of oxygen consurrticn
neasurements in this study that the effects of exercise on
DIT varied with diet. The higher DIT of the gxercised
supermarket diet females was rredicted from the hyrothesis
that aerobic exercise training leads tc an increased akility
to expend excess calcries as heat during overeating. The
finding that TLIT was very low in exercised lal chow ferales
seens, on first glance, to contradict that hypothesis.
Bowever, it is nct clear that thcse animals were, in fact,
cvereating. Their body weight and their tody fat ccntent

were very lcw, while their calcric irtakes and BMF were very
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high. It may be that their calcric intake was at the upper
limit of their akility tc process the f£ccd. If that were
the case, they may not have been meeting their ererqgy needs,
€ven on the tigh intakes., Thus, they may not have wasted
enexqgy because they did not have excess energy tc naste.
Such adaptaive changes in metabclisr have been rerorted
rereatedly in starved humans {Miller, 1975). Similar
results have teen seer in DIT c¢f huzan parathon rumners
{Rertzer et al., 1981).

Increases in DIT prolably serve to linit fat storage in
the face cf atundant fccd suprplies tc maintain a high
werking caracity. When an excess of food is nct availatle,
excess body fat usually is not a prcblem, and increases in
TIT would rct te advartageous tc the animal. The exercised
lab chovw females had teen exercisinc fcr 2 hcurssdey, 5
daysysweek fcr 21 weeks. Their erergy demands obvicusly were
high, and may not have been met by their caloric intakes.
OUnder such circumstances a mechanisr to limit tcdy fat wculd
not le adaptive and it may nct be strprising to see low DIT.

In design 2, with only sedentary apimals, there was no
indication that increases in DIT occurred with the
supermarket diet.

The increase in tody weight seen in sedentary animals
when the surerrmarket diet was given was less than previously
has been rerorted {Sclafani and Gorman, 1977; Rcthsell and
Stock, 1979¢,1979b). Calcric irtakes were elevateé¢ in all

animals eating the surermarket diet. Females ate more than
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males whén averaged acrcses diet. This higher intake
rrobably ezxplains why that when compared to same sex lab
chow sedentary animals, female supermarket diet ariemals
gained more weight thar male strermarket diet animals. This
difference in increase in weight has been reported
previously (Sclafani and Gcrman, 1977).

Body fat increased in all animals given tbhe supermarket
diet. However, the ircrease fcr males cn this diet,
although tuice as much as was seen in male lak chcw animals,
was pot significant. Increase in bcdy fat ﬁas-less for
exercised animals than for sedentary animalss.

Citrate synthase activity was higher in exercised
animals, trt nct sigrificantly sc. Sanmrle size was small
and cnly female animals were exercised. There was no diet
effect on citrate synttase activity. It is likely that
exercised animals had higher aerolic capacities ttanm
sedentary arimals.

The supermarket diet led to increased body weight,
increased fccé intakes and increased body fat in male and
expecially in female, adult rats. Ixercise led tc decreased
growth, increzsed food intakes and decreased body fat.

In conclesion, a history of aerobic exercise did
increase dietary-induced thermogenesis in female rets during
overeating aré¢ allowed them to resist bcdy weight changes
even though they were overeating the palatatle supermarket

diet.



XIII. GENERAL DISCUSSIOW

Exercise-

The effects of exrcise were counsistent in both weanling
and adults. Tlaily exercise led to lower tody weight, leaner
tody compositicn, ircreased focd intake and higher rates of
cxygen consymrtion.

The effects of exercise alsc interacted with sex, diet,
and age. Exercise affected males and ferales differently
derending on the nature of the diet they were eatirg. When
eating only lal chow, exercise had nc immediate effects on
bedy vweight, relative amount of kody fat or food irtake inm
females, Lttt exercise sigpificantly increased food intake in
rales. From veaning until 103 days of age, male arimals
which were exercised ate more than any cther lab chow group
and even ate as much as exercised scrermarket diet males.
Hovwever, their body weights did not increase as rarpidly as
the sedentary rale apimals.

The effects of exercise on tody weights and kcdy fat in
the female lal chcw-fed exercised grcur were not evident
until 171 days of age. At that time the difference in bcdy
weights was rcticable, but not significant, and the female

lab chow-fed exercised group had sicnificantly less total

158
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body fat fhan the femrale lal chow-fed sedentary grcup.
Thus, long-termr exercise may have effects in females which
are not seen irp studies of short-terr rericds of eszercise,
especially if the animals are on a "normral" diet.

There was nc difference ir lcng and short term exercise
ir males. 1Tke tody weight difference betueen the male lat
chow-fed exercised group and lal chow-fed sedertary animals
in Experimert Z contirued tc ircrease tight ur until 171
days of age. 1Intakes of exercised animals in general wuere
higher thar thcse of éedentary animals, but thé
sex—-diet-exercise interacticn was nct significant, as it was
in weanlings.

The lack c¢f significant sex~diet-e3ercise interaction
cn fcod intakes and body fat wes surprising ccnsidering the
difference ir the effects of exercise cn body weights of
zale and female lab chow animals. This suggested that there
should be sex differerces in the effects of exercise on
energy expenditure. Such a simplée explapation was not
supported ty the results c¢f the cxygen ccnsumption
reasvrements. There were, however, some general differences
Yetween males and fewales., TFor exarple, females had higher
RME than males throughout the study. TCietary-induced
therrogenesis was higher fcr fegales than for males at 46 to
5€ days of age, but it declined rapidly so that at 86 to 103
days of age there was nc difference. At 147 tc 171 days of
age, dietary-induced thersogernesis cf females was somewhat

less than that of males. BAlthough the seme anizals were not
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included in all 3 measurements, tﬁere seemed tc be a
consistent rattern of decrease in DIT with age in females.
The effects of exercise trainipng were different for
rales and females on the supermarket diet. Althcugh
exercise did rct affect bcdy weight cf females eating lab
chcw, it reduced body weight in the female supermarket diet,
exercised grcup. Hcuever, the effect cf exercise on body
weight was still greater in males than in females. The rank
order of tcéy weights cf variots grcups at 104 days of age
was Cdifferert for males and females (Figure 1); Exercise
significantly reduced tody weight of males fed the
supermarket diet belcw thcse of the rale lab chow sedentary
animals. There was no difference between the respective
female grours. The different effects cf exercise in the
rale and female lab chow groups apparently was pot due to
differences in fcod intake. The exericised female animals
did not overeat to a greater extent than exercised rale
animals. Alsc, there was nc difference in the extent of
cvereating of either group when each was compared with the
same sex lal chcw sedentary grcup. Houwever, after the
females had been exercised for a longer period cf time (day
171), the tcdy weight cf the female supermarket diet
exercised anirals were telow that of female lak chcwu
sedentary arimals, althcugh they had overeaten as much as

the female supermarket diet sedentary animals.



161

Even tlcugh the exercise-~-induced reduction in body
veight of the supermarket diet animals was greater in rales,
exercise did rct affect fccd intake in either sex. However,
in Experiment 1, female supermarket diet exercised animals
ate more thamn to female lat chow exercised esnimals, while
male superrarket diet exercised animals did not overeat as
cconpared to male lab chow exercised animals.

Body fat estimates showed that both male and female
supernmarket diet animals were fatter than the same sex
sedentary erimals at all measurements, btut theie ¥as no
significant sex-diet-exercise interaction on body fat.

Given the ratterr cf bedy vweight differences Letween
tales and fenmsles eatirg the scvrermarket diet and the lack
cf significant sex-diet-exercise interacticns cr fccd intake
and kody fat, enerqy exterditure differences could be
expected. However, there were no significant
sex—-diet-exercise interactions in oxygen consumption either.

Thus, the reduced body weights of male exercised
supermarket diet anipals and the lack cf change in the body
ieights of female exercised supermarket diet amimals can not
te explained ty changes in metabolisp; hcwever, neither was
it due to differences in food intakes.

As menticned previcusly, adult female exercised animals
did increase dietary-induced thermogenesis significantly
when given a suermarket diet. <This helfgs explain the fact
that while they were overeating compared to the lal chow

aroup (and it fact were eating as much as the sedentary
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supermarket diet ferales) they did rct increase body weight.
In this instahce, luxuskonsumption apparently was erhanced
in the anirals with a histery cf daily aerobic exercise.

Withdrawing the supermarket diet in Experiment 2
rroduced anctler instarce in which the changes in tody
weight could not be explained tky changes in fced irtake.
Comparatle reductiors ir fcoed irtake occurred fcr toth
exercised and sedentary éupermarket diet animals after diet
withdrawal, tut the previcus bcdy weight increases were
elipinated only in sedentary animals. It woulé have been
expected tlat the reversal alsc wculd have been seen in
exercised supermarket diet animals, considering tkat they
alsc were exrending enerqy thrccgh daily swimming. It could
te that wher tte diet was withdrawn, DIT also decreased,
resulting in éssentially no changes in tcdy weight. No
strong evidence to sugrcert such an hyrcthesis was found.
Bcwever,it car ke seer that there was a reduction in DIT in
exercised rmales but not exercised females when the diet was
withdrawn,

upermarket diet

n

The surerrarket diet, indererdent of exercise,
consistently ircreased body weights, £ccd intakes and body
fat in weanling and adult animals. These results all vere
expected (Sclafani ard German, 1977; Rothvwell and Stock,
1979a) . The delay in weight gain rreviously rerorted with
weanling animals on a supermarket diet ([Simpscr et al.,

1980, 1981 was found ir Exgperiment '. At 46 days of aqge,
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supermarket diet animals cf both sexes were no heavier thaﬁ
the same sex lak chow grour, ir spite of 25 days of
overeating. However, they were fatter than lat chcw
animals. The e€arly expcsure tc the surermarket diet did
have the effect of producing more tody fat at the expense of
lean body mxass in the arirals., By 86 days of age,
supermarket diet animals weighed more, as well as taving
nrore body fat relatively. The diet resulted in erergy
expenditure ckanges crly in wearling rats, in which there
was a decrease in DIT in animals eating a supeimarket diet.
This decrease was sigrificart bcth at 4€ to 56 days of age
and at 86 to 1C3 days cf age. However, metabolism was
unchanged when adults ate the supermarket diet. It could be
that requlatcry ccntrcls cf metabclic rate are particularly
susceptible tc experiential factors at an early age in the
rat., It has leen rercrted that the reguvlatory controls for
numsber of fat cells ({Knittle and Hirsch, 1968) and fcr ufgfer
limit of lear tody mass (Eitts and Eull, 1977) are not fully
developed at weaning.

These results did not support those of Rothwell and
Stock (197&, 1¢79%a, 1S79b, 1€8() whc fcund elevations in [IT
with the supermarket diet. Unfortunately, in the zrerorts
cited above, full descrirticns cf the methods used to
measure oxyger consunmgticr were nct regcrted. In cne study
{Rcthwell and Stock, 1979a) they reported that neasurement
of oxygen ccrsunpticn were taker fcr 2 hours on days

411,13, and t€. However, they did not report shen in
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relaticn tc & meal, the measurements were taken, or the size
cx the composition of the meals. This lack of reporting of
rethcds makes their results very difficwlt tc ccmpeare uwith
the results c¢f this study.

There vwas some evidence in these studies that early
access to the supermarket diet could have had long-lasting
effects on body vweight. Access to the supermarket diet
alone prodtced reduced cxygen ccosullfticn rates in weanling
rats but not in adults. Though kody weights of sedentary
weanling arimals returned tc ncrral body ueighi levels when
the supermarket diet was withdrawn, they did not experience
any changes ir energy expendituvre. In Expefiment 2y
netabolic rates of animals with previous access to the
supermarket diet were still screwhat belcw those of lab chow
arimpals. It could be the case that such a differerce cculd
have made the animals rreviocusly eating the supermarket diet
pcre susceptitle to obesity later in life.

In roth weanlirg and adult rats given the supermarket
diet variability in body weight increases was very high.
This result bhas been rreviocously rercrted with body weight
increases in animals given a high fat diet {Scherzel et al.,
1870) as wvwell as in arimals given a surermarket diet
{Sclaf ani and Gorman, 1S77). Such variability would be
exrected if varying degrees of luxuskonsumpticn are
associated with varyirg maximum aercbic capacities, since

VC2 max is highly varialtle.
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One problem encountered in determining metakclism by
measuring C2 ccnsumption was determining the mcst accurate
units in which tc express metabclism. fTraditicnally, C2
ccnsunption has been expressed as volume cf oxyger consumed
per unit tige rer unit cf bcdy weight tc the .7F% powuer.
Surposedly that unit of body weight takes into acccunt lean
tody mass ard also makes comparisons across species possible
{Kleiber, 1¢7%). Hcwever, there are nugsber of proklems
raised by vsing this method. First, the aprpropriate unit
vould have t¢ te grams to the .75 pcuer, becauée kilograms
to the .75 rposer would yield am estimated metatolic mass
greater tkar the total rmass fcr ary ariral belou 1 kilogram.
Seccnd, there is not good evidence ttkat this reasure of
metaltolic xass does ir fact correctly estimate lean body
rass. Third, any measure vhich reflected lean tody mass
would ignore the metaltclic prorerties cf adipose tissue
{Miller, 1975). The problem of the correct urit cf tody
weight to use in expressing metabclism has not been given
puch attentior when the ccmpariscpns are %ithin a srecies.
Mcst investigators have not questioned the validity of the
traditional methcd. I feel that the prchlem deserves more
consideration. If a unit of measurement which expressed
metaltolisr as units cf lean body rase is desirable, then
FCIe accuracy can possiltle te ottained with other rmethcds,
such as the Lee Index. Thrcughcut this study, the unit of
bcdy used in expressing metabolism was kilograms. This is

not to sugcest that it is the best upnit tc use, but to



166

suggest that it is just as accurate in comparirg arimals
within a species. Mcre importartly, the pattern of results
cbtained in the present study was the same whether the unit
was kg or grams to the .75 rower (although some changes in
significance level occurred).

In future studies, it seeBs cbvious that it wculd ke
desiratle tc nake lcnger, ¢r ever ccantinuvous 24 hour
preastrements of oxygen consumption. The intent in this
study was tc examine metatolic rates in a large number of
animals, to £ind changes with diet amnd exercisé treining
that could ke mcre clcsely exanrined in future studies. Many
cf the manipulations in this study produced changes in bcdy
weight that cculd not te adequately explained ty changes in
food intake. In sonme instances, changes in metabclism were
fcund to occuvr and could possiltle explain scme cf the
results, 1Ir cther cases, neither geasure seemed adeguate.
The study has made a valuable contritutiom simgply ty
identifying wkich kirds of diet and exercise manirpulations
are worth further study.

Using citrate syrthase as an irdication of changes in
VC2 max is a tseful technique. In toth Experirents 2 and 3,
the exercised arimals had bigher levels of citrate synthase
in the gastrccnemius muscle than did sedentary anirnals,
although tte differemce was significant only in Exreriment
2. The ncnsignificant difference in Experizent 3 nmay have
reen due tc either the srall sample size cr to the fact that

cnly females were exercised {althcugh I know of no reports
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cf a sex difference in citrate synthase activity due to
exercise). When all of the animals in EFxperiments Z and 3
Wwere pooled, citrate synthase ®as significantly higher in
exercised animals. Thus, it seems that when tests cf V02
pax cannot te made directly, measurement of citrate synthase
activity can le used tc assess changes in aerobic capactiy.
Hcwever, since differences in VC2 max may explain scme cf
the high varialtility ir thermcgenesis, direct or indirect
peasurements of it should be a part of future erercy kalance
studies. ~

It is nct clear that daily energy talance can te
demonstrated fcr exercising rats. The reduced body weights
seen in exercising males have nct Leen adequately explained
ty changes ir fccd ccrsumpticn. In fact, the failctre of
rost investigators to adjust food comsumpticn fcr the body
veight of the animals has led tc a great misunderstanding of
the role of f£o0od intake in accounting for the reduced Lkcdy
weigkts. The arqument that exercise surrresses appetite in
rale rats has been made frequently ({Stevenscn et al.,
1866 3;Katck et al., 1979; Dohm et al., 1977: Oscai end
Hcllecszy 1€€€) . The data used tc supcrt that argument are
very misleading. The t<lief that a rat weighing 2C0 grams
and eating 2C grams/day of chow ard a rat weighing 400 grams
and eating 20 grams/day of chow do not differ in fcecd intake
is erroneocus. If one is attempting to accurately zssess
vhether enercy intake talances enerqgy expenditure of a rat

it seems critical to take into consideraticn the weight cf



168

an anmimal shen expressing both. A more accurate way of
expressing tcth would invclve a fcrruvla fcr weighting Ecth
intake and exrenditure Ly both the lean body mass and
adipcse tissve of the animal. It is difficult tc cltainm
accurate tkcdy ccmpositicr measvres fcr livirg aprimals and
better technigues for estimation of lean tody mass and bcdy
fat need tc te develcped. Even if is nct possible to obtain
gocd estimations of the body composition of each c¢f the
arimals, it is mcre accurate tc adjust intake for total lody
weight than to simply express it as total Heigﬁt c¢f fccd crx
calories eater.,

This errer in interpreting data applies mere tc males

than females, siprce mcet studies shcw that exercise does not

reduce body uieights of female rats (0Oscai et al., 1971a;

Oscai et al., 1973; Crews et al., 1967). Thus, in females,
exrressing irtake as tctal amcunt eaten would not te
unreasonable.

The effects of exercise or bedy weight and body
ccopositicn found in these experiments were no different
than reported ty others using fcrced ezxercise (Lohm et al.,
1977; Hanson et al., 15€7; Cscai and Holloszy, 1979; Cscai
et al., 197%a). The effects on food intake were different
from thecse rercrted ty mcst cthers. But, when these other
studies are examined, none adjusted food intake fcr bcdy
weight of the animals, It is imrcssible to make accurate
rredictions of the significance of the values when ad-justed

for tody weigkts of the arirals, sipce nct enought data is
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reported ir tte papers. However, ir many cases it is very
likely that tke pattern of resctlts wculd be interrpreted
gtite differently from the way it was origimally
interpreted.

In all three experiments in this study, execise
consistently resulted in an increase in food consumption
vhen expressed as kcal of foods/kqg of body weight. This was
true regardless of diet and sex.

Hansop et al., ({1967) swar male Wistar rats for 30
pinutes twice daily. They repcrted that exercise led to
lcvwer body vweights regardless of wvhether animals were
maintained cr kigh cr lcw fat diets and reqardless of
vhether animals on each of those diets was fed ad 1ib cr was
restricted tc €5% of ad 1lib intake. They reported no
difference in caloric intakes tetwsen exercised ard
sedentary arirmals. Hcuwever, they exprecssed caloric intakes
as tctal kcal eaten, without ad-justing the intake for the
tody weight of the arimal. Sirce there was an approximate
difference of 80 grams tetween lody weights of exercised vs
sedentary arimals, this cculd reflect a higher overall
intake for the exercised animals when intake was expressed
as kcal/kg c¢f trody weight.

There are many other reports of the appetite
suppressing effects of exercise cn male rats., This result
his been rerorted for forced swimming of 1 or 2 hcurs/day in
male Spraque-Tawley rats [(Steverscn et al., 1S€6), and for

ferced swirmirg cf 2 hcursyday in male Gistar rats {Cscai et
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al., 1969). There vwas no arpetite surrression in males
which were forced tc swir fcx 4 hourssyday {(Stevenson et al.,
1966) or fcr 6 hours/day (Cscai et al., 1971a). It ncme cf
these studies was the kcdy weights c¢f the animals taken into
consideraticn when expressing food intakes. Fror the mean
food intakes ard body weights fcr each cf the grougs it
seems that if food intake were corrected for body weight
that exercise would have increased f£cod intake in each
study. In females, e3xercise has Lkeen rerorted tc increase
food intakes. This is true c¢f forced svimming‘of either 2
hcurs/day {Crevws et al., 1967), or of 6 hours/day (Cscai et
al., 1971a).

Forcec exercise has beer rercrted to have similar
arretite surrressing effects on male rats (Thomas and
Miller, 19t5€; Dohm et al., 1977; Katch et al., 197S; Crews
et al., 1S5€S; Nance et al., 1977). Aagain in all cf these
studies, intake was expressed only as total amcunt eaten,
even though tcdy weight was ccrsistertly reduced with the
exercise. Bgain, from mean values reported for intakes and
Weighkts for tte groups, it is likely that if corrected for
bcdy weight, food intake would have keen found to increase
with exercise. Certairly, the view that exercise has
arretite surpressing effects in male rats is nct accurate.
With a goal ir mind cf explairing hcw the rat regulates
enerqgy balance, the effect of exercise on food intekes needs

to te reexarcired.
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In surrary, decreases in metabclic rate were found to
te ceontritrting facters tc the cbesity prodtced by giving
nale and femalée weanling rats and adult female rats a
supermarket diet. Execise was consistently fcund to
increase metalolic rates and help prevent okesity. Male
weanling rats which exercised daily did nct become heavier
than sedentary ccantrcls, though they were fatter, shen given
an obesity-prroducing diet. Also, when given a surermarket
diet as adults, female rats which had been exercised from
weaning were better abtle to resist tody weight'increases

ordinarily caused by the diet.



REFERENCES




REFERENCES

Acheson, K.Jd., Campbell, I.T., Edholm, 0.G., Miller, D.S.,
and Stcck, M.J. The measurement of focd ard enerqgy

intake ir man - an evalvaticn cf some techniques.
Aperican Jourral c¢f Clipical Nutrition, 1980, 33,
1147-1154.,

Acheson, K.J., Campbell, I.T., Edholm, 0.G., Miller, D.S,
and Stcck, M.d. The nmeasuregent of daily energy

expenditure - an evaluation of some technicues.
American Jourral cf - Clirical-Nutrition, 1€€0, 33,
1155-1164.

Acheson, K.J., Zahcrska-Markieswicz, B., Pittet, Eh.,
Anantharaman, K, and Jequier, E. Caffiere and
coffee: their ircfluence cr metabolic rate and
substrate utilization in normal weight and ctese
ipdividuals. American Jourral ¢f Clinical-
Nutriticn, 1980, 23, 989-997.

Adolph, F. Urges tc e€at and drink ipn rats. Aperican-
Journgl of Physioclogy, 1947, 151, 110=-7Z%E.

Allen, R.J.I. and leaty, J.S. Scobe effects of dietary
dextrcse, fructcse, liguvid gluccse, and sucrose in
the adult male rat. British Jourpal cf Nutritionm,
196€, 20, 239-347.

Arfelraum, M. The effects of very restictive high rrotein
diets. (Clinics in Endocrinclogy-and Metaltclise,
197€¢, S, 417-4=C.

acfelbaum, M., Bastarrom, J., and lacaitis, D. Effect of
calcric restriction and excessive calcric irtake on

energy experditure. Aferican Jcurnal c¢f Clinical-

dpfeikaum, ¥., Brigant, L., and Jcliff, M. FEFffects of
severe diet restiction c¢n the cxygen consumption of
obese women during exercise. Jourmal cf Olesity,
1977, 1, 387-2¢3,

173



174

dshworth, N., Creedy, S., Hunt, J.N., Mahcn, S., and
Newland, P. Effect of nightly fccd suppliments on

food intake in man. Lancet, ii, 19€2, ¢€8t-€87.

dssimacopculcs-Jeannet, F. and Jeanrenauvd, B. The hormonal
and metaltolic tasis cf exrerimental obesity.
€linics in - Endocrinology and Metakolismw, 1¢76, &,

37-365.

-~

Easu, A., Paessrcre, R., and Strcng, J.A. The effect of
exercise on the level of non-esterified fat in
Elccd. Quarterly Jdcurral cf Exrerimental -
Physiology, 1S€0C, 45, 312.

Bedford, T.G., Tipton, C.M., Wilson, N.C., Cppliger, R.A.,
and Gisolfi, C.V. Maximum oxygen consugpticn of
rats and its changes with varicus experimental
procedures. Journal of Applied Physiolcgy, 1979,
473, 1278-1283.

Bepnedict, ¥.G., Miles, W.R., Roth, F., and Smith, E. Human-
Vitality and Efficiency under Prolonged Restricted:
Diet. Carnegie Institution of %ashingtcn, D.C.
Publication 2&C, 1976,

Bennett, A.F. and Reuten,J. Endothermy and activity in
vertelrates. Science, 1975, 206, 649-€54,

BEjcrntorp, P. ExXercise in the treatment of obesity. In:

0 o]

431-4c:z,

Bjcrntorp, E., dedJounge, K., Krotkiewski, M., Sullivan, L.,
Sjcstrem, L., and Stenberg, J. Physical training in
huoman obesity. 1III. EFffects of long ters ghysical
trairing cn bedy ccmpesiticr. PMetabolism, 1973, 22,
1467~ 1475.

Ejorntorp, P., Grimty, G., Sanne, H., Sjcstrom, L., Tibblin,
G., and Wilhelmsen, L. Adipose tissue fat cell cize
in relation tc metabclism in vweight-stable,
physically active men. _[Ecrmone apd Metakolic.
Research, 197z, 4, 182-186.,

Blaxter, K.L. Fnergy utilization and obesity in
domesticated animals. In:: Qkesity in Perstective,
edited by G.A. Bray, Fcgarty Interpnational Center,
US CGovernment Printing Office, Washington, D.C.,
1975.

BElaza, S.E, and Garrow, J.S. 'Ihe effect of anxiety on
metakolic rate. Eroceedings-of the Nutriticn-
Society, 1980, 39, 13A.



175

Bloom W.L. and Fidex, M.F. Inactivity as a major actor in
adult chbesity. Metabolism, 1967, 2€, €EE€5-€¢%2.

.C., Storlien, I.H., and Keesey, R.E. Increased
Efficiency cf FPcod Utilizaticn Following HWeight
Loss. Physiology and-Eehavior, 1978, 21, z€1=-264.

A A M Gt A S QO P

Eoyvyle, P

Bradfield, R.B., Curtis, LD.E., and Sheldon, M. Effect of
activity on calcric resgonse of obese women.
American -Journal of Clinical Nutrition, 1S5€g, 21,
1208-1210.

Bradfield, F.E. and Jourdan, M.H. Relative importance cf
specific dynaric acticn in weight reduction diets.
Lancet, 1973, €40-643,

Bray, G.A. The myth of diet in the management of obesity. .

American -Journal-of Clinical Nutritiom, 1670, 23,
114 1-1148.

Bray, G.A. ard Campfield, L.A. HMetatolic factors in the
contrcl of energy stores. Metabolism, 1975, 24,
9¢-117.

Bray, G.A, Whipp, B.J., and Koval, S.N. The acute effects
of food intake on energy expenditure during cycle
ergcmetry. Anericanm Jcurnpal of Clinical Nutrition,
1974, 27, 254-259.

Erokeck, J.F. Requlaticy of erergy exchange. Clinical-
Review of Physicleqy, 1948, 10, 315-328.

- memvaan s s

Brody, J. Bicgemetics and Grewtk. New York, New York :
Reinhcld Publishing Ccrporation, 1945.

Brozek, J. (Ed) Body comfpositicn., Ann. N.Y. Academy of-
Science, 1963, 110, (1,II).

Fullen, B.A., Feed, R.E., and Mayer, J. Physical activity
0of clese and ncnobese adolescent girls appraised by
motion picture sampling. American Journpal of-
Clinical Nutrition, 1964, 14, 211-223,

Buskirk, E.R., Thompson, R.H., Lutwak, L., and ®Whedon, G.D. .
Energy balance of otese patients during weight
reduction: Influence cf diet restriction and
exercise. Annals of New York Academy of Science,
19€¢Z, 110, <1€-¢4¢C,

n

in Expdocrinoloqy-

Cahill, G.F. Starvation in man. Clinic
and Metabolism, 1976, 5, 397-41

wn

Campbell, R.G., Hashim, S.A., and VanItellie, T.B.
Nutritive density and food intake in man. New:
England Journal of Medicine, 1971, 285, 1402-1407.




176

Cleary, M.?., Vasselli, J.R., ard Greenwood, M.R.C.
Development of obesity im Zucker obese rats in
absence of hyperphegia. American-Journal-cf
Physiology, 1980, 238, E284-E292.

Clough, D.P., and Durnin, J.V.G.A. The rise in metabolic
rate following the ingestion of single large meals

by *thir’ apd *average! mer and women. Jotrnal of-
Physiclogy, 1970, 207,89 P.

Collier, G. HWHcrk: a weak reinfcrcer. Transactions of the-
New Ycrk Academy of Sciences-22, 1970, £57=-576

Cortitt, J. and Stellar, E. Falatakility, focd irtake ard
okesity in ncrral and hyperthagic rats. Journal of-
Comparative-and Physiclcgical Bsychology, 1964, 58,
63-67.

Cowgill, G.R. The enerqgy factcr in relatiocn tb food intake:
experiment on the dog. Americam-Journal cr-
Ph!Siologzp 1928' _g‘-_’:.a' 45-64.

Crewvws, E.L.III, Fuge, W., Oscai, L.B., Holloszy, J.C., and
Shank, R.E. Weight, food intake, and body
coprcsition: effects of exercise and of protein
deficiency. American  Journal of Physiology, 1969,
21€, 359-363,

Curtis, D.E. and Bradfield, R.B. 1long-term energy intake
and expenditure of obese housewives. Aperican-
Journal of-Clinical Nutritiom, 1971, 24, 1410-1417,

bDanforth, E. Jr., Burger, 1.G., Goldman, R.F., and Sims,
E.A.H. Thermogenesis during weight gain. 1In:
Recent Advances in Oresity Reseaxch -IX, edited by
G.2. Eray. Westport, Ct: Technomic Publishing Co.,
1979.

Launcey, M.Jd. Metalolic effects cf altering the 24 h energy
intake in man, using direct and indirect
calcrimetry. British Jcurpal-of Nutritiom, 1980,
43, 257-269.

LeCastro, J.M. and Balagura, S. A rpregrandial intake
pattern in wearling rats ingesting a high fat diet.
Physiology-and Eehavior, 1976, 17, 401-405.

Dchm, G.L., Beecher, G.R., Stephenson, T.P., and Womack, M.
Adaptation to endurance traiming at three
intersities of exercise. Jcurnal of Applied.
Physiclogy: -Resiritory Environmental Exercise-
Physicleqy, 1977, 82, 7%53-7%7.




177

Lurnin, J.V.G.A. Possible interacticn between physical
activity, body compositicn and obesity in man. In:

Recent Advances -in-Clesity Research II, edited Lty
G.A. Bray. Westport, Ct: Techpomic Puklishing Cc.,
197¢.

Durnin, J.V.G.A. and Norgan, N. Variatioms in tctal kody
metetclism durirg 'cverfeeding' in man. Jourmnal of-
Physiclogy, 1969, 202, 106 P.

furnin, J.G.V.A., and Passmore, R. ZEnergy-Work amd Leisure,
‘Heirerann:Lcndcn, 1967.

Fabry, P. Feeding-Pattern and Nutriticral Adaptation
" " Butterworth: London’, 1969, ‘

Fabry, P., Hejda, S, Cerny, K., Osancova, K., and Fechar, J.
Effects of meal frequercy cr schcolchildren.

Changes in weight-height proportion and skinfold
thickress. American-Jcurnal of Clinical Nutrition,
1967, 18, 358-361.

Fenton, P.¥F. and Carr, C. The nutrition of the rouse:
resrcrse of fcur strairs tc diets differing in fat
content. Journal of Nutritiom, 19%1, 45, 225-234.

Festing, M.F.%. The inheritance of obesity in anigal mocdels
of obesity. 1In: Animal models-of okesity, edited by
Mictael F.W. PFesting. New York: Oxford University
Press, 1537, 197¢.

Fidanza, F. Effects of starvation on body compcsition.
Amexrican Jourral of Clinical Nutrition, 1980, 33,
1562-1566.

Fortes, E.E., Braman, ®R.W. and Rriss, M. The energy
metabolism of cattle in relation to plane cf
nutriticn, Jourmal-of Agricultural Research,, 1928,
37, 253-300.

Fortes, E.B., Swift, R.W., James, W.H., Pratzler, J.W., and
Black, P. Further exrerirents cn the relation of
fat to the economy of food utilization. Jgcurnpal cf-
Nutrition, 194€, 22, 3€7-396.

Forbes, E.B., Kriss, M., and Miller, R.C. The energy
metabolism of the albino rat in relaticn tc¢ the
plare cf nutriticm. Jcurmpal of- Nutrition, 1934, E,
535-552.

Garrow, J.S. Enerqy Balance and Cbesity -in Map. 2
Elsevier/North Holland Eiomedical Press, !9

msterdam:
78. .



178

Garrow, J.S. The regqulation cf energy expenditure in man.
In: Recent Advances-in Chbesity Research II, edited
by G.2. Bray. Westport, Ct.: Technomic Fublishing
Co., 1979.

Garrow, J.S. and Hawes, S.F. The role of amino acid
oxidation in causing 'specific dynamic acticn' in
man. British Jcurmal-cf Nutritiom, 1972, 21,
211-219.

GarroWw, J.S. and Stalley, S. Is there a 'set point!' for
human body-weight? Proceedures-gof the Nutritioen-:

s s e S R e s, Y S

Seciety, 197%, 38, 84a.

Gleeson, 4., Brown, J.F., Waring, J.Jd., and Stock, M. J. The
effects of exercise and training om the utilization
of dietary glucose. Prcceedings of the Nutrition-
Society, 1980, 39, 55A. }

Gleeson, M., Ercwn, J.F., Waring,J.J., and Stock, M.J.
Therzcgenic effects of diet and exercise,
Proceedings-of the Nutrition Society, 197¢, 38, 82A.

Gleeson, ¥., Brow, J.F., Waring, J.J, and Stock, E.J. The
effects of exercise and exercise training ¢m dietary

induced therscgenesis. Proceedings of the Nutrition

Glick, Z., Shvartz, E., Magazanik, 3., and Modarn, M.
Absence of increased thermogenesis during short-tern
overfeeding in noral and overweight woren. American
Journal of Clinical Nutritiom, 1977, 30, 1026-1035.

Goldman, R.F, Haisman, M.F., Bynam, G.,, Horton, E.S., and
Sims, E.A.H. FExperimental otesity in ran; metatolic
rate in relaticn tc dieary intake. In: Obesity in-
Perspective, €dited by G.A. Bray, Fogarty
Interrational Center, US Govermment Printirg Office,
Washington, D C, 1975, rp 165-186.

Gordon, E.S. Metabolic aspects of otesity. Advances in-
Metabolic Disorders, 1970, 4, 229-296.

Griffiths, M. and Payne, P.R. Energy expenditure in small
children of oktese and non-otese parents. Nature,
1976, 260, €9€&-700.

Guernsey, L.L. and Stevens, E.D., The cell menrbrare sodium
, pump as a mechanism for increasing therrogenesis
during cold acclimation in rats. Science, 1977,
196, 908-9190.

Gulick, A. A study of weight regulaticn in the adclt human
boéy during overnutriticn, American- Journal -of-
Physiclegy, 1922, 60, 371-39S.



179

Gurr, M.I., 2nson, R., Rothwell, N.Jd., and Stock, ¥.d.
Weight mainterance and dietary induced thermogenesis
in the weanlin¢ pig. Eroceedings of the Nrtrition-
Society, 1979, 39, 60°P.

Gurr, M.I., Mawson, R., Rothwell, N.J., and Steck, ¥.Jd.
Effects of marirulating dietary protein and enerqgy

intake on energy balance and thermogenesis in the
pig. Jourmpal of Nutritiocn, 1980, 110, 53zZ-542.,

Aamilton, C.I. Fat's rreference for high fat diets.
Journal cf-Corrarative and Physiological Esychologqy,
196“, _5_§' 63-67.

Hansen, D.l., Lecremzer, J.A., Mcrris, A.E., Ahrens, R.A.,
and Wilson, J.E., Jr. Effects of fat intake and

execise on serum cholesterol ané kody compcsiticn of
rats. American Jdcurnal-cf Fhysioloqy, 19€7, 213,
347-352,

Hansen, J.S. Exercise responses fcllcwing prodiction of
experimental okesity. Jourmal -of Applied
Physiology, 1¢¢8, 103, 350-354.

Hashim, S.A. and Porikos, K. Food intake behavioyr in man:
implications for treatment of otesity. Clipnics in-
Endocrinology-and Metaktolism, 1976, 5, 501-516.

Havel, R.J., Naimark, A., and Borchgrevin, C.F. Turnover
rate and oxidation of free fatty acids cf llood

plaspa ip man during exercicse: studies during
continuous infusion of palmitate-1-C. Jgurnal gof-
Clinical Investigatiom, 1963, 42, 10.

Heggeness, F.W. Metalolic rate and lipogenesis in weanling
rats fed high cartohydrate diets. Americar Journal:

of Fhysiology, 1961, 20C, 8C-84.

Herberg, L., Toppea, W., Major, E., and Gries, F. 2, Tietary
induced hypertrophic-hyperplastic okesity in mice.
Jourral of Lirid Reseazch, 1974, 15, 580-E585.

Hervey, G.F. Fegulaticr of enerqgy talance. Nature, 1969,

222, 629-631.

Holloszy, J.D. and Booth, F.W. Biochemical adaptations to
endtrance exercise in muscle. Annual Review of
Physioloqy, 1€76, 38, 273-292.

Heclleszy, J.C., Oscai, L.B., Don, I.Jd., and Mole, E.A.
Mitochondrial citric acid cycle and relateé enzymes:
adagtive respcnse tc exercise. Biochemical and-
Biophysical-Research Ccrmunications, 1970, 40,
1368-1373..




180

Horten, E.S. The role of exercise in the preverticn and
treatrent of okesity. 1In: Qkesity in Persgective,
edited by G.A. Bray, Fcgarty International Center,
US Government Printing Office, W%ashington, D.C.,
1975, pp 62-66.

Irsigler, K., Veitl, V., Sigmurd, A., Tschegg, E., and Kunz,
K. Calorimetric results in man: enerqgy outgut in
norral and cvervweight subjects. Metabolism, 1979,
28, 1127-1132.

Irsiqler, K., Heitkamp, H., Schlick, H., and Schmid, P.
Diet and energy balance in chesity. In: Fequlation:
of Enerqy Balarnce - in Mar, edited by E. Jequier.
Geneva: Editicrs Medecine et Hygiene, 197%, pp
72'83-

Issekutz, B. Aderobic vwork capacity and plasma. FFA turnover.
Journal cf -Arriied Physiclogy, 1965, 20, Z¢3.

Issekutz, B. Energy mchkilizaticn ir exercising dcgs.
Diatetes, 1979, 28, Surtliment 1:39-44,

Jacgbs, H.L. and Sharma, K.N. Taste versus calories:
sensory and metaltolic signals in the ccrtrcl c¢f food
intake. Annals of the New Ycrk Academy of Science,
196<, 157, 1084-1125,

James, W.EF.T. and Trayhurn, P. Thermogenesis and obesity.
British -Medical Bulletis, 1981, 37, 43-48,.

Janowitz, H.[L., and Grossman, 4.I. Some factors affecting
the food intake of normal dogs and dogs with
escrtagostory and gastric fistulae. American-
Jourral of Phvsiology, 1949b, 158, 1143-14E.

Janowitz, E.D., and Grcssman, M.I. Effect of parerteral
adriristraticr cf gluccse ard protein-hydrolipate on
food intake in the rat. American Jourpal cf
Pbysiclcqgy, 1948, 155, z8-3:Z.

Janowitz, B.D. and Grcssman, M.I. Effects of variaticms in
nutritive density cn irtake c¢f fcod of dogs and
rats. Americapn Journal of Physiology, 194¢, 158,
1€4~-1€3,

Jansky, L. Ncn-shivering thermcgenesis and its
thernmcrequlatcry significance. Biglogical Review,
1973, 48, 85-132. :

Jeanrenaud, B. An cverview c¢f exrerimental models of
okesity. In: Recent Advances in Cbesity Fesearch-
II, edited ty G.A. Bravy. Westport, Ct: Technonmnic
Putlishing Cc., 1979.




181

Jequier, E. ®hole body calorimetry. 1In: Applicaticn of-
calorimetry-in life sciences. I. Llarprectkt amd E.
Schaarschmnidt (Eds), Walter de Gruyter, NY, 1977, pp
261-278.

Johnson, ¥.L., Burke, B.S., and Mayver, J. Eelative
importance of inactivity and overeating im the
energy talarce cf obese high schcol girls. American
Jonrral of -Clinical Nutriticm, 1959, 4, 37.

Johnson, E.E., Metrapaoclo, J.A., anrd Wharton, M.A.
Exercise, dietary intake, ard body composition. J,-
Am., rLietet, Assoc., 1972, 61, 3¢9-403.

Jones, E.H®., PFcntoge, B.Jd., Jchnscn, P.E., Martin, S.M.J.HM.,
Van Buss, W.D., ard Cederguist, D, Effects of
exercise and food restiction on serum chclestercl
and liver ligpids. American Jourpal of EFhysiologqy,
1964, 207, 400-466.

Jung, R.T., Sktetty, B.S., Barrand, M., Callinghbam, B.A., and
James, W.P.T. The 1rcle cf catacholamines and

thyroid hormones in the metatolic respcrse to
semistarvaticr, Procceedings of the Ninth RNutrition-
Scciety, 197%9a, 38 (V) , 17a.

Jung, R.T., Shetty, F.S., James, W.E.T., Barrand, M.A., and
Callirgham, B.A. Reduced thermcgeresis in obesity.
Nature, 1979k, 279b, 32z2-223.

Kanarek, E.B. Energetics of meal patterrs in rats.
Physicloqgy-and Rebavior, '976, 17, 395-399.

Kanarek, R.E. and Hirsch, E. Dietary-induced overeating in
experimental animals. Federaticn Proceedirgs, 1977,
3€, 154-158,

Kaplan, M.L. and Leveille, G.A. Calorigenic resgonses in
obese and non-otese vomen. American Jcurrel of

Clinical Nutrition, 137€, 2S5, 1108-1113,

Katch, V.L., Martin, R., and Martin, J. Effects of exercise
intensity on food consumption in the male rat.
Aperican Journal cf Clirical Nutritiom, 1979, 22,
1401-1407.

Kekwick, A. ¢&nd Pavan, G.1.S. Bcdy-weight, food, and
energy. Lancet, 1969, 822.

Kenrick, M.¥., Ball, ¥.F., and Canary, J.J. Exercise and
weigtt reducticn in cbesity. Arxch EBhysical Med
Rehat., 1972, 53, 323-327.



182

Kertzer, R., Lavis, J., Tagliaferrc, A. Relaticnship
betveen V02 max, Testing getabclism, and dietary
induced thermogenesis. Federaticn-Proceedings,
1981, 40, 904,

Keys, 3., Erozek, J., Banschel, A., Mickelscn, C., and
Taylor, H.l. The BRiology-of Human Starvaticnm,
University of Minnesota Press, Minneapolis, ¥inn.,
19590.

Knittle, J.L. and Hirsch, J. Effect of early nutrition on
the development of rat epididymal fat pads:
cellularity and metabolism. Jcurnal of Clinical
Investigaticn, 1968, 47, 2091-2098.

Kral, J.6G.,Jdacctson, E., Swmith, U., apnd Ejorntcrp, P. The
effects of physical exercise on fat cell metabolisnm
in the rat. Acto EBhysioel. Scandinavia, 1¢74, S0,
€6U-€72.

Kriss, M., Fcrbes, E.E., and Miller, R.C. The specific
dyraric effects of proteirn, fat, and carbohydrate as
determined with the alkino rat at different planes
of nutrition. Journal-cf Nutrition, 1934, 8,
509-539.

Krotkiewski, M., Mandroukas, K., Sjcstrom, L., Sullivan, I.,
Wetterqvist, B., and Bjorntorp, P. Effects of lcng
texry rhysical training cn bcdy fat, metabolism, and
blcod pressure in obesity. Metabolism, 179, 28,
6EC-€E8,

LeMagnen, J. Currernt ccncepts in energy kalance. In:
Neural Integration of Physiclcgical Mechanisms angd-
Behavicr, edited ty G.J. Mcgenscn and F.E.
Calaresu. Tcrcntc: University c¢f Tcronto FEress,
197, tp 95-1CE¢E. '

lemonnier, L., Sugquet, J.3%., Aultert, R., and Rosselin, G.
Long term effect c¢f rouse recnate fcod intake on
aduvlt body composition, insulin and glucose serunm
levels., Hcrmcre and Metabclism Research, 1973, S,
223-224.

Levitsky, [.A. Feeding patterns c¢f rates ir resronse to
fasts and changes in environmental conditicus.
Physiclcqgy -and Behavier, 1970, 5, 291-300.

levitsky, D.A. and Ccllier, G. Effects of diet ard
exercise on meal eating behavior in rats.
Physiology and Eehavior, 1968, 3, 137-140.




il i

183

Levitsky, [.A., Faust, I., and Glassman, M. The ingestion
of focd and the recovery of tody weight fcllowing
fastirg in the maive rat. Ehysioloqy and  Fehavior,
197€¢, 17, 575-580.

Lutwak, L. ard Coulstcn, A. Activity and obesity. In:
Okesity in-Persrective, edited by G.A. Bray,
Fogarty International Center, US Governgsent Printing
Office, Washington, D.C., 1975, pp 393-39€.

Martineaud, M. and Trenolieves, J. Mesures de la depense
calorique basale dans l'otesite. Nutr. Dieta,
1964, 6, 77.

Marr, J.W., Gregory, J., Meade, T.W., Alderson, M.F.,, and
Morris, J.N. T[iet, leisure activity and skinfcld

measurements ¢f sedentary men. Exrocedures-of- the-
Nutrition Seociety, 1970, 29, 17A.

Mayer, J., Fcy, E., and Mitra, K.P. Relation ketween
calcric intake, bcdy weight, and rhysical work:
studies in an industrial male populaticr ir West
Bencal. American Jourral-of Clinical Nutritionm,
16€, 4, 169-17¢%.

Mcardle, W.T. Metabolic stress of endurance swimming in +the
laboratory rat. Journal of Applied Physiclcay,
1967, 22, 50-%4,

Mickelson, 0O,, Takahashi, S., and Craig, C. Exrerimental
obesity. I. Production of obesity in rats Ly
feedir¢ high fat diets. Jcrrmal-of Nutrition, 1955,
57, 541-554.

Miller, D.S. and Wise, A. Exercise and dietary irduced
therscgenesis. Lancet VIXI, 1975, 1290,

Miller, D.S. and Mumford, P.H. Luxuskomsumpticn. In:
Eperqy EBalance in Man, edited by M. Apfeltaun,
Paris: Masson, 1973.

¥iller, D.S. and Parscnace, S. Resistance to slimming.
Adaptation or illusion? Lancet, i, 1975, 773-775.

e o v

Miller, D.S. Cverfeeding in man. In: Ckesity in
Perspective, e€dited by G.2. PBray, Fogarty
Interrational Center, US Government Printing Office,
Washington, f.C., 1975.



184

Miller, D.S. Thermogenesis in everyday life. 1In: Recent-
Advances-in Ctesity Fesearch:IT, edited ty G.A.
Bray, 1979, Westport, Ct: Techncmic Publishing Co.

Miller, D.S. Cverfeeding in man. In: QOlesity, e€dited Ly
E.A.E. Sims, Proc. N.I.H. Ccnference, Washington,
1974, :

Miller, D.S. and Mumfcrd, B. Gluttony 1. An e€xperimental
study cf overeating c¢n 1lcw cr high protein diets.
American Journal of Clinical Nutritiomn, 1967, 20,
1212-1222.

[\S]

#iller, D.S., Mumford, P., and Stock, M.J. Gluttcry 2
Thermcgenesis ir cvereating man. American Jourpnal-
of clinical-Nutrition, 1967, 20, 1223-1z2¢.

Miller,D.S. and Payne, P.R. Weight maintenance ard fccd
intake. Journal cf Nutriticm, 1962, 78, 255-262.

Minuk, H.1L., Banna, A.K., Marliss, E.B., Vranic, K., and
Zioman, B. Metaltolic response to moderate exercise
in ctese man dvring prclcrged fasting. American-
Jourral of Physioclogy, 1980, 238, E3Z2Z-E3Z2€.

Buir, G.G., Chamterlain, l.A., and Pedce, L.T. Effects of
B-syrrathetic klcckade cr ncn-esterified-fatty—-acid
and carbohydrate metabolism at rest and during
exercise. lancet 2, 19€4, <S30-932.

Nelscn, R.2. Exercise in treatment of obesity. Ir: Recent-
Advances in-Ctesity Research II, edited ty G.A.
Bray. Westport, Ct: Technomic Fublishing Co., 1979.

Nance, D. M., Eromlevy, E., Earnard, K.J., and Gorski, R.A.
Sexually dirorrhic cf fcrced exercicse on food intake
and body weight in the rat. " Physiologvand Behavior,
19557, 18, 1cE-15€,

Nestel, P. and Goldrick, 3. Clesity: changes in lipid
metabolism and the role of imsulin. Clinics im

Endocrinology and Metaltolism, 1976, 5, 313-335,

QOscai, L.B., Mole, P.A.,, Krusack, lL.M., and Holloszy, J.C.
Detailed body compositicn analysis on female rats
suljected tc a rrcgram cf swvimming. Jourmnal of-
hutrition, 1973, 103, 412-418.

Oscai, L.B., P¥cle, P.2., and H8cllcszy, J.0. Effects of
exercise on cardiac weiqht and mitochondria in male
and female rats. American Jourmnal of Physiclecqgy,
1971a, 220, 1944-1948.



e R L i bn D e A e AL

185

Oscai, L.B. and Hollcszy. J.C. Effects of weight changes
prodtced by exercise, fc¢cd restriction, or
overeating on kody compositicn. Journal of Clinical-
Investigation, 1969, 48, 2124-2128,

Oscai, L.E., Mole, P.B., Brei, B., and Holloszy, J.C.
Cardiac growth and respiratory enzyme levels inp pale

rats subject tc a running precgram. American Journal-
of Physioclogqy, 1971b, 220, 1238-1241.

Padtury, E.B., Rcthwell, N.J., and Stock, M.J. Effects of
energy restrir and cafeteria refeeding on

thermogenesis in the rat. Jouxrnal-of-Physiclogy,
London, 19880, =81, 29r.

Fassmore, R., Strong, J.A., Swindells, Y.E., and E1 Din, N.
The effects of overeating on tvwo fat young women.

British Journal of Nutriticr, 1963, 17, 373-383,

Passmore. F., Meiklejchn, A.P., Tewar, A.LC., and Throw,
R.K. An analysis of the gair ir weight of overthin
young men. PBritish Journal of Nutriticr, 1955, 9,
27-237.

Fatch, L.DB. and Broccks, G.A. Effects of trainirqg on V02
max ard V02 during two running intensities in rats.

Pflugers Acchiv, 1980, 286, 215-219.

EFeckham, S.C., Entenman, C., and Carroll, H.W. The
influence of the hypercaloric diet cn gross bkody and

adipcse tissue corpositicr in the rat. Jorrpal of-
Nutritign, 1962, 77, 187-197.

Penpargkul, S. and Schkeuer, J. The effect of phyeical
training upcr the mecharical and metabolic
performance of the rat heart. Journal cf Clinical-
Investigatien, 1970, 4S5, 1859-1868.

Perkins, M.N., Rothwell, N.A., Stock, M.Jd., and Stone, T.W.
Activation of trown adipose tissue thersogemesis by
electrical stimulaticn cf the ventrcmedial
hypothalamus. Journal of Physioclogy, Lcndcn, 1989,
310, Z2p.

Pittet, Ph., Charpuis, Ph., Achescn, K., DeTechtermann, F.,
and Jequier, k. Thermic effect of gluccse in chese
subjects studied by direct and indirect calcrimetry.

e e e . W Sa—

Pitts, G.C. and Bull, L.S. Exercise, dietary obesity, and
growth in the rat. Aperican Journal-cf Physiolcqgy,
1997, 232, R2€-R44,



186

Pccknee, R.C. and Heaton, F.W. 1The effect of feeding
frequency on the growth and compositior cf
individual crgars in the rat. British Jorrpal of-
Nutrition, 1976, 35, 97-104.

Pollock, K.I1. The quantificaticn ¢f endurance trainming
prcgrams. EXercise and Srcrt Sciences Feviews,
i edited ty J. %®ilmcre. News York: Academic Press,

Follock, K.1. and Jackson, A. Body compositicr:
Measurement ard changes restlting from ghysical
training. EPEroceedings Naticmal College Physical
Education Association for Men and Homen, 1977,
128~ 137,

Fremack, D. and Premack, A.J. Increased eating ir rats
derrived of rurming. Jcurral of the Experimental -
Analysis of -Behavior, 1963, 6, 209-212.

Bodahl, K., killer, H.X., and Issektvtz, E., Jr. Plasma free
fatty acids ir exercise. Jcurral of Applied-
Physiclcay, 1964, 19, 489-492.

Rogers, P. ard Wekk, G.P. Estimaticn of body fat in norral
and ctese mice. British Jdcurnmal of Nutrition, 1980,
3_3' 3-86'

Folls, B.J. and Rowe, E.A. Dietary obesity: permanent
changes in body weight. Journal of Physiclcgy-
JILcpdcn), 1977, 272, 2P.

g Rclls, B.J. and Rowe, E.A. PFxercise and the develcpment

T ané rersistence of dietary chesity in male and

‘* female rats. Ehysiology and Behavior, 197¢, 23,
241-247, _

Rolls, B.J., Fcwe, E.A., and Tcrner, P.C. Persistert
otesity in rats fcllcwirg a rericd cf consumption of
a mixed, high enerqgy diet. Jourmnal of Physiology,
1960, 298, 41%-427.

Rcskamm, H, Optimum patterns of exercise fcr heal thy
adults. Capadian Medical Association Jourral, 1S€7,

S . ST G e S At wov SIS 4Pk AP A S AP WS G A —a——

96, 895-899.

Rothvell, N.J., Schontaum, E., Smith, L.C.H., and Stock,
M.J. Interactions of cold- and dietary-irduced
therrcgenesis ir the rat. Jcurnal of Ehysioloqy
J{Lcrdcn), 1980c, 309, 4se.

Rothwell, ¥.Jd. and Stcck, M.Jd. HMechanisms of weicht gain
and lcss in reversible cbesity in the rat. Journal

of Physiology _{lcndecn), 1978, 276, €O0OE.




187

Rothwell, ¥.J. and Stcck, M.J. BRegqulaticn of enerqgy

balance in tvwo models of reversible obesity in the
rat. Journal of Comparative and Physielcgical

Psycholoay, 1¢7¢b, 83, 1024-1034.

Fecthwell, N.J. and Stock, M.J. Effects cf continvous and
discontinuous periods of cafeteria feeding cn bcdy

weight, restirqg oxygen ccnsurrticn and noradrenaline
sensitivity in the rat. Journal of Physiclcgy-:
{Iondom), 1979, 2¢1, S¢P.

BFothwell, N¥.J. and Stock, M.J. A4 role fcr brown adipose
tisscve in diet-induced therrogenesis. MNature,
1999a, 281, 31-3%5,

Rothwell, ¥.J. and Stock, M.Jd. 1Thermogenesis irduced by
cafeteria feeding in young qrowing rats.
Prcceedings ¢f the Nutritioral Society, 1980a, 29,
45 a.

Rcthwell, N.J. and Stock, M.Jd. Effect cf noradrenaline on
in vivo oxygen uptake of trown adipose tissue in
rats e€xhibiting diet-irduced thermogenesis. Journal
of Physiology {Londcm), 1980b, 310, 31E.

Rose, G.A. @2rd Williams, R.E. Metaltolic studies cr large
and small eaters., British Jourmal of Nutrition,
1561, 15, 1.

Schemmel, F. and Mickelscn, 0. Influence of diet, strain,
age, and sex cr fat depct mass and body consumption
of the nutritionally olese rat. 1In: The Requlaticn-
of the Adipose Mass, edited ty J. Vaque ard J.
Boyer, New York: American Elsevier Fublishing Co,
1974, p238.

Schemmel, R., Mickelsen, C., and Gill, J.1. Dietary obesity
in rats: Body weight and kody fat accreticr in seven
strairs of rats., Jourmal of Nutritiom, 197za, 100,
1041-10u4u8.

Schemmel, R., Mickelson, 0., ard Mctawi, K. Cconversion of
dietary to body energy in rats as affected Lty
- strair, sex ard raticn. Jcurpal of Nutrition,
1972k, 3132, 1187-1197.

Schenmel, R., Mickelser, C., ard Mcstosky, U. Influences of
body weight, age, diet, ard sex on fat depots in
rats. Anatomical Records, 1970, 1€6€, 437-4lye6.

Schemmel, R., Mickelsen, C., ard Togay, Z. Dietary otesity
in rats: Influence cf diet, weight, age, and sex on
body composition. American Journal of Physioleqy,
16€¢, 216, 273-37¢.



188

Sclafani, A. Dietary ctesity. In: Becent Advances in-
Otesity Research 1T, edited by G.3. Bray.

Westpcrt, Ct: Teckncmic Putlishing Co., 1¢7S.

Sclafani, A. and German, A.N. Effects of age, sei, and
pricr tody weight on the developrent cf dietary
otesity in advult rats. Physiolecqy and Behavior,
1¢77, 18, 1021-1026.

Sclafani, A. and Sgrirger, [. C[Lietary olesity in adult
rats: similarities tc hypcthalaric and human obesity
syndromes. Physiology and Eehavior, 1¢76, 17,
461-4171,

Shetty, F.S., Jung, R.T., Barrand, M., Callingkam, B.A., and
Jares, W.P.T. The effect of catecholanine

replacement on the metaltolic response tc
semistarvaticr. Proceedings of -the Rinth Xutrition-
Society, 1979a, 38 (1), 18a.

Shetty, P.S., Jung, R.T., and James, W.P.T. Reduced
dietary-induced thermogeresis ir cbese sutjects
before and after weight loss. Proceedings cof the-
Nutrition Society, 1979k, 38, 87A.

Simgson, E.L., Gold, R.M., and Schwarz, M.J. 2Adult onset
dietary obesity. Faper presented at the 1¢81
meeting of the Eastern Psych. ASS., N.Y¥., N. Y.

Simpson, E.l., Gold, E.M., McGee, J.V., and Schuartz, NM.Jd.
Delayed supermarket dietary okesity in wearling

rats. Paper rresented at the 1980 meeting of the
Eastern Psychological Associaticn, Bartforé Conn.

Sims, E.A.E., Efficiency cf gair ir weight following
overeating in normal sutjects and in the cltese. In:
Otesity in Persrective, edited by G.A. Bray,
Fcgarty Interpaticnal Center, US Government Printing
Cffice, Washirgten D.C., 1975.

Sims, E.A.H. FExperimental obesity, dietary-induced
therscgenesis, and their clipical implicationms.
Clinics-in Endocrinology and Metabolism, 1976, 5,

Dt T — G R L

377-3¢E

Sims, E.A.H#., Lanforth, E®., Hortom, E.S., Bray, G.A.,
Glerncn, J.A., and Safars, 1.B. Endoccrine and
metabolic effects of experimental okesity in man.
Recert Prog. ir Hormone Research, 1973, 29,
457-496.

Sims, E.A.E., Goldman, R.F., Gluck, C.M., Hortcn, F.S.,
Kelleher, P.C., and Howe, D.W. Experinmentzl okesity
ir war. In: Transacticns of the Association of
American Physicians, '1¢€8, &1, 153-170.




189

Sims, E.A.E. and Hcrtcn, E.S. Endccrine and metakolic
adaptation to chesity ard starvation. American -

Journal of -Clinical Nutrition, 1968, 29.

Stethens, [.N. Dietarily obese rats becope leaner than
controls when palatakle food is withdrawn.

Prcceedings cf the Nutriticr Seciety, 1980, 39, 3Sa.

Stevenson, J.!.F. HMechanisms ir the ccntrol of fccd and
water intake. Anrals ¢f the Nes York Academy of-
Science, 1969, 157, 1069.

Stevenson, J.2.F., Eox, B.M., Feleki, V., and Beatcn, J.R.
Bouts of exercise and fcod intake in the rat.

Journal -of - Applied EBhysiology, 1966, 21, 118-122.

Stirling, J.L. and_Stock, M.Jd. PMetabolic origins of
thermcgenesis induced ty diet. Nature, 1S€8, 220,

801-2.

Stock, M.Jd. Effects of fasting ard refeeding cr tte
metalclic resrcnse to a standard meal in man,

European -Journal of Applied Physiology, 1¢&C, 43,
35"‘"(:.

Stock, M.Jd. and Miller, E.S. Iietary induced thermogecesis
at hich and lcw altitudes, EFrgc. BR. Soc. Iond.
B., 1976, 194, 57-62.

Stock, M.J., ¥crgan, N.G., Ferrc-Luzzi, 3A., and Evans, E.
Effect of altitude cn dietary-induced thermogenesis

at rest and during light Exercisese in rar. Jcurral-
of Prplied Physiology: EKespiratory Envircrumental
Exercise Physiology, 1578, 45, 345-349.

Strang, J.M., HNcCluggage, H.B., and Brownlee, HM.\A.
Metabolism in undernutrition. Its changes during
treatment by tigh calcric diet. Archives gof-
International Medicine, 1935, EE, 958.

Strong, J.2., Stirlirg, C., and Passmore, R. Some effects
of cverfeeding for fcur days in man. British
Jourrsl-of Nutrition, 1967, 21, 90¢-G19.

Swindells, Y.E%., Holmes, S.A., and Rctinson, M.F. The
metaltclic resgcose of ycung wcmen to changes in
frequency of meals. " British Jourmnal cf Nutrition,
19€8, 22, 6€7-€E£0.

Swindells, Y.¥. The influence of activity and size of meals
on caloric response in women. Eritish Jourral cf-
Nutrition, 1972, 237, 65-73.



S S i

190

Thomas, B.M. and Miller, A.T. Jr. Adartation to forced
exercise in the rat. American Journal of
Physigcloqy, 1¢5€, 103, 350-354.

Tzankoff, S.P. and Norris, A.H. Effect of muscle mass
decrease on age-related BMR changes. Jcurral of
Applied Physioloqgy:-Eespiretory and Fnvircrmental-
Exercise Physiologvy, 1977, 43, 1001-1006.

Tzankoff, S.P. and Norris, A.H. Longitudinal chamnges in
basal metabolism in man. Journal of Aprlied
Ehysiology: Respiratory-and Environmental Exercise-
Physioloqy, 1578, 45, EtE3€-539.

Vander Tuig,; J.G., Romsos, D.R. and leveille, G. 3.
Maintenance energy requirements and energy retention
of ycurg obese {cb/cb) and lean mice housed at 33
degrees and fed a high-carbohydrate or a high-fat
diet. Jcurmal of Nutriticm, 1980, 119, 35-41.

Vendsula, A. Elasma ccncentraticns of adrenaline and
ncradrenaline during muscular work. Acta

Physiologica Scandipavia Suppliment, 1960, 173, 57.

Webb, P. 1The measurement of energy exchange ir manp: an
analysis. Amarican Journal of-Clinical Nutrition,
19€0, =3, 12S8¢-1310,

Webb, P., Rnnis, J.F., and Troutman, S.J. Energy talance in
man measvred ty direct and indirect calcrimetry.
Aperican Jourral cf Clirical Nutrition, 1980, 33,
1287-1298.

Wetster, 3.J.F. The €nercetic efficiercy of metalkolisn.
Prccedures- of the Nutrition Society, 1981, 40,

S ST S S e ST eee

121-127.

Weltman, A., Batter, S., and Stamfoxrd, E.A. Calcric
restrictiocn and/or rild exercicse: effects cn serum
lipids and body composition. 2merican Jourral cf
Clinical Nutrition, 198C, 33, 10C2-1009,

whipp, B.J., Bray, G.A., and Koval, S.N. Exercise
‘'energetics in normal man following acute weight
gajr. Apericar Jcurmal of Clinical Nutritiom, 1973,
26, 1284-1286.

Winder, W.W., EFaldwip, K.M., ard HBcllcezy, J.D. Frzymes
involved in ketcne utilizaticn in different types of
muscle: adaptation to exercise. Furcpean Jcurmal of
Bicchemistry, 1574, 47, 461-467.



191

Young, J.B. and landsterg, L. Stimulation of the
syerathetic nervous system during sucrose feeding.
Nature, 1977, 269, €15-617.

York, D.A., Morgamn, J.B., and Taylor, 1.G6. The relationship
of dietary induced thermogenesis to metakclic
efficiercy ir man. Prcceedipgs of the Nutrition-
Sgciety, 1980, 39, 57aA.

Zahorska-Markiewicz, E. Therric effect cf food ané exercise
in ctesity. Eurorean Jcurnal cf Applied Ehysiology,
1980, 44, 231-235.



APPENDIX A




193

Analysis of Variance ~ Oxygen consumption (full design)

Source

Mean

Sex

Diet
Exercise
SD

SE

DE

SDE
Erxror

Age
AS

AD
AE
ASD
ASE
ADE
ASDE
Error

Meal
MS
MD

MSD
MSE
MDE
MSDE
Exrror

AMS

AME
AMSD
AMSE
AMDE
AMSDE
Error

af
3
3
7

1
1
1
1
1l
1l
1l
1
5
1
1
1
1
1
1l
1
1l
5
2
2
2
2
2
2
2
2
0
2
2
2
2
2
2
2
2
0

=

MS

2875.97
T 8.17
4.42
3.65
3.61
0.01
0.00
0.01
0.73

32.75
0.90
0.30
0.23
0.06
0.00
0.02
0.02
0.28

23.12
0.86
1.26
0.03
0.02
0.04
0.03
0.01
0.18

0.65
0.18
0.06
0.03
0.08
0.03
0.02
0.02
0.08

F

3932.39
11.18
6.04
4.99
4.94
0.01
0.01
0.08

1l6.14
3.20
1.06
0.80
0.22
0.00
0.08
0.07

132.21
4.92
7.22
l1.68
1.01
0.26
0.17
0.34

8.47
2.40
0.78
0.45
1.01
0.34
0.32
0.21

Prob.

0.000
0.002
0.019
0.032
0.0323
0.928
0.942
0.778

0.000

0.082
0.310
0.377
0.640
0.969
0.780
0.799

0.000
0.010
0.001
0.193
0.369
0.776

0.847 -

0.716

0.001
0.099
0.462
0.640
0.370
0.711
0.730
0.809



46-56
Days

86-103
Days

46-56
Days

86-103

Days

Cell means for oxygen consumption (full design) ANOVA

Male Male Male Male Female Female Female Female
SD-E Sbh-S IC-E LC-S SD-E SDh-S LC-E LC-S
RMR| 24.70 23.82 24.08 21.77 24.78 23.16 25.88 24.20
DIT1] 31.91 28.21 33.63 30.23 33.17 29.32 38.77 35.90
DIT2: 27.50 25.18 26.19 24.88 26.90 25.43 28.65 27.33
RMR} 19.02 18.33 18.64 16.76 21.02 19.33 24.83 23.46
DIT1}| 23.44 22.53 25.55 23.17 27.30 23.71 33.08 31.63
DIT2{ 19.92 18.99 21.25 19.06 19.62 20.56 23.01 22.42

Cell standard deviations for oxygen consumption (full design) ANOVA

RMR 4.09 2.54 1.97 2.22 2.69 2.67 3.71 4.28
DIT1 6.18 3.90 2.29 2.29 5.03 5.14 2.97 5.25
DIT2 3.81 3.03 1.02 2.09 2.68 4.90 2.90 2.53
RMK 1.44 5.30 1.15 2.12 2.00 2.55 3.68 4.08
DIT1 1.55 4.72 1.13 2.21 4.30 5.66 3.34 6.51 -
w
DIT2 1.45 5.25 1.72 2.15 2.39 4.64 2.66 3.92 e




Analysis of varianﬁe - Overall DIT

Source df

Mean

Sex

Diet
Exercise
SD

SE

DE

SDE
Error

A e

(O3]

Age
AS
AD
AE
ASD
ASE
ADE
ASDE
Error

Gl et et et o

w

MS

35521.91
0.00
1408.77
4.13
116.89
3.48
121.17
0.33
338.64

569.87
622.17
98.37
50.38
204.57
5.57
34.30
17.47
114.15

104.90
0.00
4.16
0.01
0.35
0.01
0.36
0.00

4.99
5.45
0.86
0.44
1.79
0.05
0.30
0.15

Prob. F exed.

0.000
1.000
0.049
0.913
0.561
0.920
0.554
0.975

0.032
0.026
0.360
0.511
0.190
0.827
0.587
0.698

S6T



46-56 days

86-103 days

46-56 days

86-103 days

Cell means for Overall DIT ANOVA

Male Male Male Male Female Female Female Female
SD-E SD-S LC-E LC-S SD-E Sb-S LC-E LC-S
19.53 12.55 | 24.53 |27.21 23.15 18.51 | 31.84 32.61
14.43 l6.16 | 25.88 |28.30 16.22 14.45 } 14.82 16.97
Cell standard deviations for Overall DIT ANOVA
Male Male Male Male Female Female Female Female
Sh—E SDh-S LC-E LC-S SD-E Sbh-S LC~-LE ILC~-S
15.86 12.07 8.50 8.17 12.48 16.95]| 16.27 16.19
8.51 19.72 9.23 6.37 21.04 17.52| 19.34 16.40

96T



Analysis of variance - RMR

Source

Mean

Sex

Diet
Exercise
SD

SE

DE

SDE
Error

Age
AS
AD
AE
ASD
ASE
ADE
ASDE
Error

af

W

w

U 1 et et e et e et

Gl b b et ot et et (e

MS

39949.13
121.75
9.56
47.08
68.93
0.11
1.76
2.64
13.72

306.96
47.77
13.59

0.25
8.29
0.04
0.11
0.01

6.80

F

2912.17
8.87
0.70
3.43
5.02
0.01
0.13
0.19

45.14
7.02
2.00
0.04
1.22
0.01
0.02
0.00

Prob. F exed.

0.000
0.005
0.409
0.072
0.031
0.927
0.722
0.664

0.000
0.012
0.166
0.850
0.277
0.936
0.899
0.977

L6T



46~-56 days

86-103 days

46-56 days

86-103 days

Cell means for RMR ANOVA

Male Male Male Male Female Female Female Female
SD-E Sh-S LC-E LC-S SD-E SD~-S LC-E LC-S

24.71 23.82 { 24,08 |21.77 24.79 23.16 | 25.88 24.20

19.02 18.33} 18.64 }16.76 21.02 19.33 | 24.83 23.46

Cell standard deviations for RMR ANOVA

Male Male Male Male Female Female Female Female
SDh-E SD-S LC-E L.C-S SD-E SD-S LC-E LC-S
4.09 2.54 1.96 2.22 2.69 2.67 3.71 4.38
1.44 5.30 1.15 2.12 2.00 2.55 3.68 4,08

86T



Analysis of variance- Total Caloric Intake

Source aft MS F
Mean 1 44798454000.00 13514.47
Sex 1l 7529906.00 2.27
Diet 1 158059150.00 47.68
Exercise 1 63257894.00 19.08
SD 1l 15797506.00 4.77
SE 1 35118830.00 10.59
DE 1 446366.00 0.13
ASD 1l 14130980.00 4.26
Exrror 50 3314850.00

Prob.

0.000
0.138
0.000
0.000
0.034
0.002
0.715
0.044

66T



Male

Female

Male

Female

Cell means for total caloric intake ANOVA

SD-E SD-S LC-E LC-S
30138.96 | 27628.55 | 29031.38 | 24169.35
31347.82 | 29988.45 | 26132.31 | 26414.80

Cell standard deviations for caloric intake ANOVA

SD-E SD~-S LC-E LC-S
2018.42 3241.84 1069.99 1230.52
1339.51 1288.17 558.39 2005.91




Analysis of variance- Caloric Intakes at 2 ages

Source

Mean

Sex
Diet
Exercise
SD

SE

DE

SDE
Error

Age
AS
AD
AE
ASD
ASE
ADE
ASDE
Error

daf

o

U

O b = b | e |

O = = bt i ot (et

MS

15996353000.00

1935183.00
65525317.00
25634772.00

9337507.00
18976594.00

19947.00

5694944,00

1448541.10

1152508300.00
29598224.00
14328134.00

4452167.00
6814884.00
23216915.00
243156.50
3680871.50
1092370.00

F

11043.08
1.34
45.24
17.70
6.45
13.10
0.01
3.93

1055.05
27.10
13.12

4.08
6.24
21.25
0.22
3.37

Prob. F exed.

0.000
0.253
0.000
0.000
0.014
0.001
0.907
0.053

0.000
0.000
0.001
0.049
0.016
0.000
0.639
0.072

T0C



Cell means for 2 levels of caloric intakes ANOVA

Male Male Male Male Female Female Female Female
SD~-E SD-S LC-E LC-S SD-E Sbh-S LC-E LC-S

46-56 days{17191.3}14863.6] 16766.712954.3 16580.J1608l.7 12410.713661.1

86-103 days| 8540.0| 8279.3| 8021.3| 7346.6] 10081.3 9471.1} 9219.4 8547.0

Cell standard deviations for 2 levels of caloric intakes ANOVA

Male Male Male Male Female Female Female Female
Sh-E - SDh-S LC-E LC-S SD-E sSp-S LC-E LC-~-S

46-56 days | 1610.8] 2950.2 1095.1| 787.3 | 1118.7 592.7} 508.91} 1242.1

86-103 days 255.4] 451.9 481.0| 647.2 624.4 763.5] 330.8 896.9

coe



Analysis of variance - Body Weights

Source

Mean

Sex
Diet
Exercise
SD

SE

DE

SDE
Error

Age
AS

AD
AE
ASD
ASE
ADE
ASDE
Error

af

(844

N

O

O o |t o i | | e

MS

8529396.40

280609.31
17390.57
20066.52

1348.48
5127.93
159.97
402.53
1380.49

644999.74
64102.02
10068.76
10344.23

167.98
3238.53
64.19
32.91
347.83

F

6178.53
203.27
12.60
14.54
0.98
3.71
0.12
0.29

1854.35
184.29
28.95
29.74
0.48
9.31
0.18
0.09

Prob. F exed.

0.000
0.000
0.001
0.000
0.328
0.060
0.735
0.592

0.000
0.000
0.000
0.000
0.490
0.004
0.669
0.760

€02



46-56 days

86-103 days

46-56 days

86-103 days

Cell means for Body weight ANOVA

Male Male Male Male Female Female Female Female
SD-E Sh-S LC-E LC-S SD-E Sb-S LC-E LC-S
221.00} 227.251215.60 (229,75 {171.75) 182.141167.11 ] 166.14
"402.29| 472.88} 369.40 1437.63 | 286.75] 314.71]|240.67 | 255.57

Cell standard deviations for Body weight ANOVA
Male Male Male Male Female Female Female Female
Sh-E - SD-S LC-E LC-S SD~E SD-S ILC-E LC-S
12.79 36.58 | 15.42 |14.61 20.62 21.09 7.62 14.10
25.46 62.83 ]| 32.45 |38.34 25.91 42.72 | 15.43 27.26

voc



Analysis of variance - LEE INDEX

Source af

Mean

Sex
Diet
Exercise
SD

SE

DE

SDE
Error

O 1t 1 | b et et i

"

Age
AS

AD

AE
ASD
ASE
ADE
ASDE
Error

U1 bt b ot o ot ot b (ot

MS

9.72618
0.00160
0.00300
0.00084
0.00004
0.00006
0.00001
0.00011
0.00005

0.00010
0.00000
0.00019
0.00023
0.00011
0.00002
0.00000
0.00002
0.00001

F

184168.82
30.32
56.83
15.94

0.75
1.08
0.15
2.04

6.85
0.00
13.77
16.01
7.88
1.24
0.12
1.34

Prob. F exed.

0.000
0.000
0.000
0.000
0.391
0.304
0.700
0.159

0.012
0.975
0.001
0.000
0.007
0.271
0.734
0.253

s0¢



Cell means for Lee Index ANOVA

Male Male Male Male Female Female Female Female

SD-E  SD-S LC-E LC-S SD-E Shb-S LC-E LC-S

46-56 days|,29871 |.30113 [.28940 [.29350 [.28988 |.29329 |28443 |.28500
86-103 days|,29814 |.30663 |.28640 |.29888 [.29325 |.30286 L28071 [.28325

Cell standard deviations for Lee Index ANOVA

Male Male Male Male Female Female Female Female

Sh-E  SD-S LC-E LC-S SD-~E S-S LC-E LC~-S

46-56 days |,00320 |.00694 }.00288 |.00428 |.00380 |.00754 L00399 ].00466
86-103 days {.00422 |{.00537 |.00607 }|.00889 [.00602 |.01011 L00304 }.00489

90¢
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Analysis of Variance- Oxygen consumption (full design)

Source df MS F Prob.
Mean 1l 106560.90 1881.39 0.000
Sex 1 684.68 12.09 0.001
Diet 1l 208.96 3.69 0.063
Exercise 1l 192.10 3.39 0.075
SD 1l 142.88 2.52 0.122
SE 1 8.25 0.15 0.705
DE 1l 37.66 0.66 0.421
SDE 1l 0.36 0.01 0.937
Exrror 33 56.64

Age 1 52.01 9.75 0.004
AS 1l 0.27 0.05 0.822
AD 1l 14.55 2.73 0.108
AE 1 “4.94 0.93 0.343
ASD 1 2.57 0.48 0.492
ASE 1l 4.02 0.75 0.392
ADE 1 14.74 2.76 0.106
ASDE 1l 1.75 0.33 0.571
Error 33 5.33

Meal 2 676.09 89.66 0.000
MS 2 31.98 4,24 0.018
MD 2 12.44 1.65 0.200
ME 2 18.22 2.42 0.097
MSD 2 13.19 1.75 0.182
MSE 2 1.20 0.16 0.853
MDE 2 0.93 0.12 0.884
MSDE 2 7.70 1.02 0.366
Error 66 7.54

AM 1 6.43 1.33 0.270
AMS 1 0.75 0.16 0.856
AMD 1l 2.50 0.52 0.597
AME 1l 2.33 0.49 0.618
AMSD 1 0.22 0.05 0.955
AMSE 1 14.94 3.10 0.052
AMDE 1 2.67 0.55 0.577
AMSDE 1 1.35 0.28 0.757
Error 66 4.82




DIT1

DIT2

DIT1

DIT2

RMR
DIT1

DIT2

DIT1

DIT2

Cell means for oxygen consumption (full design) ANOVA

Male Male Male Male Female Female Female Female
SD-E SD-S LC-E LC-S SD-E SD-S LC-E LC-S
19.21 | 18.33 18.79 | 17.41 20.76 | 19.33 | 20.59 22,75
23.66 22.53 25.51 | 23.64 27.92 23.71 | 32.11 30.19
19.62 | 18.99 21.80 | 19.00 19.82 20.56 | 22.79 23,35
18.87 | 16.06 18.75 | 15.17 20.02 18.69 | 26.06 20.71
22.26 21.81 24.57 21.38 25.68 24.57 | 30.79 26.35
18.20 20.69 19.87 | 18.39 21.91 | 20.20 | 23.54 20.55

Cell standard deviations

for oxygen consumption (full design) ANOVA

Male Male Male Male Female Female Female Female
SD-E SDh-S LC~-E LC-S SD-E SD-S LC-E LC-S
0.54 5.30 1.20 2.70 2.12 2.55 2.75 3.08
2.15 4.73 1.12 3.10 4.50 5.66 1.89 1.94
1.51 5.25 1.47 1.80 2.62 4.65 3.16 5.80
1.59 4.89 2.63 2.55 4.03 3.52 5.62 4.65
4.59 3.64 3.32 3.05 2.55 6.52 5.09 2.49
1.33 4.00 2.24 3.61 0.85 6.84 2.28 3.19

602



Analysis of variance - Overall DIT

Source df MS F Prob. F exed.
Mean 1 25313.72 72.41 0.000
Sex 1 767.50 2.20 0.148
Diet 1 31.02 0.09 .0.768
Exercise 1 770.99 2.21 0.147
SD 1 656.07 1.88 0.180
SE 1 306.64 0.88 0.356
DE 1 7.91 0.02 0.881
SDE 1 788.74 2.26 0.143
Error 33 349.58
Age 1 400.09 1.68 0.204
AS 1 9.83 0.04 0.840
AD 1 120.43 0.51 0.482
AE 1 224.88 0.95 0.338
ASD 1 13.42 0.06 0.814
ASE 1 785.54 3.30 0.078
ADE 1 138.15 0.58 0.451
ASDE 1 . 1.18 0.00 0.944
Error 33 237.93

0TC



86-103 days

147-171 days

86-102 days

147-171 days

Cell means for overall DIT ANOVA

Male Male Male Male Female Female Female Female
SD-FE SDh-S LC~E LC-S SD-E sSbh-~S LC~E LC~-S
12.74 | 16.16 26.31 | 23.94 16.22 11.96 3.57 18.68
7.07 { 36.51 19.80 | 31.48 23.86 18.50] 12.78 16.84

Cell standard deviations for overall DIT ANOVA

Male Male Male Male Female Female Female Female

SD-E SDh-S LC~E LC~-S SD-E sp-S LC-E LC-S

7.68] 19.72 9.051| 14.04 21.04 13.42 5.51 14.68
7.89] 19.62 19.03} 10.74 32.41 14.181 10.97 21.94

TTC



Analysis of variance ~-RMR

Source df MS
Mean 1 26657.41
Sex 1 599.17
Diet 1 230.01
Exercise 1 15.38
SD 1 11.79
SE 1 79.10
DE 1 126.75
SDE 1 18.97
Error 33 34.51
Age 1 24.99
aAS 1 0.59
AD 1 0.04
AE 1 7.44
ASD 1 1.15
ASE 1 1.44
ADE 1 l1.61
ASDE 1 0.22
Error 33 5.00

772.55
17.36
6.67
0.45
0.34
2.29
3.67
0.55

5.00
0.12
0.01
1.49
0.23
0.29
0.32
0.04

Prob. F exed.

0.000
0.000
0.014
0.509
0.563
0.140
0.060
0.464

0.032
0.734
0.931
0.231
0.634
0.595
0.574
0.837

[AY4



Cell means for RMR ANOVA

Male Male Male Male Female Female Female Female
SD-E  SD-S LC-E LC-S SD-E SD-S LC-E LC-S
86~103 days| 12.81 | 18.33) 18.79 | 17.41)| 20.76 | 19.33 | 26.59 | 22.75
147-171 days| 11.99 | 16.06| 18.75 | 15.17| 20.02 | 18.69 | 26.06 | 20.71
Cell standard deviations for RMR ANOVA
Male Male Male Male Female Female Female Female .
SD-E SDh-S LC~-E LC-S SD-E SD-S LC-E LC~S
86~103 days | 11.11 5.30f 1.20 2.70] 2.12 2.55( 2.73 3.08
147-171 days | 10.39 ! 4.89) 2.63 2.55| 4.03 3.52| 5.52 4.65

€TC



Analysis of variance - Caloric intakes

Source

Mean

Sex
Diet
Exercise
SD

SE

DE

SDE
Error

af

w

W Pt o et e et b

MS

5385879700.00
55096862.00
45798321.00
53219758.00
15625459.00

2932469.00
405169.50
338638.00

1683323.00

F

3183.33
32.73
27.21
31.62

9.28
1.74
0.24
0.20

Prob.

0.000
0.000
0.000
0.000
0.005
0.196
0.627
0.657

LAX4



Cell means for total caloric intakes ANOVA

Male

Female

Cell standard deviations for total caloric intakes ANOVA

Male

Female

SD-E SD-8 LC~-E LC-Ss
11088.00 9650.56 [12416.34 |10176.25
12986.53 [10037.72 [16535.45 ]13550.65

SD-E SD-S LC-E LC-S
201.53 949.78 227.04 228.16
2524.01 1513.57 136.65 1502.76




Analysis of variance - Body weights

Source df

Mean
Sex
Diet
Exercise
sDh

SE

DE

SDE
Error

w

Age
AS
AD
AE
ASD
ASE
ADE
ASDE
Error

G0 bt b = ot ot ek ot (b ) e e et et et el e

w

MS

11549631.00
515685.30

36228.11
74303.25
2854.35
52696.47
5818.46
471.78
7293.53

32381.13
8000.86
6244.92

540.88
10.40
1381.55
2444.79
1.21
223.85

F

1583.54
70.70
4.97
10.19
0.39
7.23
0.80
0.06

144.65
35.74
27.90

2.42
0.05
6.17
10.92
0.01

Prob.

0.000
0.000
0.033
0.003
0.536
0.011
0.378
0.801

0.000
0.000
0.000
0.129
0.831
0.018
0.002
0.942

9T1¢



86-103 days

147-171 days

86~-1023 days

147-171 days

Cell means for Body weights ANOVA

Male Male Male Male Female Female Female Female
SD-E SDh-S LC~-E LC-S SD-E SDh-S ILC-E LC-S
424.67 | 515.861363.00 | 476.14[330.60 | 342.331255.25 |269.86
465.67 | 561.43]418.67 | 583.14348.40 | 331.33|285.75 |316.29
Cell standard deviations for Body weights ANOVA
Male Male Male Male Female Female Female Female
SD-E SD-S LC-E LC-S SD-E SD-S LC-E LC-S8
22.19 72.67] 25.24 38.171110.51 48.22] 24.72 28.77
12.86 87.12f 11.06 53.54)1128.26 34.36| 31.63 35.59

LTC
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Analysis of variance - Lee Index

Source daf MS F Prob. F exed.
Mean 1 5.73960 67414.29 0.000
Sex 1 0.00068 7.99 0.008
Diet 1 0.00150 17.66 0.000
Exercise 1 0.00109 12.85 0.001
SD 1l 0.00008 0.96 0.336
SE 1 0.00011 1.25 0.273
DE 1l 0.00000 0.01 0.938
SDE 1 0.00004 0.45 0.509
Error 32 0.00009
Age 1l 0.00010 5.90 0.021
AS 1l 0.00000 0.06 0.806
AD 1l 0.00029 16.64 0.000
AE 1 0.00000 0.12 0.736
ASD 1 0.00000 0.11 0.738
ASE 1l 0.00001 0.72 0.404
ADE 1 ) 0.00001 0.42 0.523
ASDE 1 0.00001 0.76 0.389
Error 32 0.00002

81¢



Cell means for Lee Index ANOVA

Male Male Male Male Female Female Female Female
SD-E SDh-S5 LC~E LC-S SD-E SD~-S I.C~-E LC-S

86-103 days|.29800 | .30650 {.28467 |.29629 |.29300 |.30300 |.28075 |.28429

147-171 days|.29050 | .30050{.28667 | .29886 |.28920 | .29367 |.28150 }.28571

Cell standard deviations for Lee Index ANOVA

Male Male Male Male Female Female Female Female
SD-E SDh-S LC-E LC~S SD-E SD-S LC-E LC-S

86-1032 days | .00424| .00509].00513 | .00774].00851 | .01106}.00427 | .00522

147-171 days | .00071} .00493} .00513| .00590| .01207} .00745].00507 | .00692

6T¢
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Analysis of variance - Citrate synthase
Source daf MS F

Mean
Sex
Diet
Exercise
SD

SE

DE

SDE
Error

8255.65 724.69
10.95 0.96
22.80 2.00

107.85 9.47
0.44 0.04
3.92 0.34
2.16 0.19

38.01 3.34
11.39

O b b et o ot e

N

Prob.

0.000
0.335

:0.168

0.005
0.846
0.562
0.667
0.078

oce



221

Cell means for citrate synthase ANOVA

SD-E SD-S LC-E LC-S
Male 18.70 17.20 22.80 17.50 -
Female 20.93 12.83 19.50 17.59

Cell standard deviations for citrate synthase ANOVA

SD-E SD-S LC-E LC-S

Male .00 5.80 2.40 1.42

Female 4.48 3.19 0.84 2.28
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Analysis of variance - Oxygen consumption (females)

Source af MS F Prob.
Mean 1 72877.23 2353.96 0.000
Diet 1 137.01 4.43 0.050
Exercise 1 211.61 6.84 0.018
DE 1 4.00 0.13 0.723
Error 18 30.96

Age 1l 320.19 36.67 0.000
AD 1l 79.15 9.06 0.008
AE 1l 14.96 1.71 - 0.207
ADE 1l 9.66 1.11 0.307
Error 18 8.73

Meal 2 601.35 68.38 0.000
MD 2 17.84 2.03 0.146
ME 2 0.17 0.02 0.980
MDE 2 33.85 3.85 0.031
Error 36 8.79

AM 2 12.77 1.40 0.260
AMD 2 0.84 0.09 0.912
AME 2 0.46 0.05 0.951
AMDE 2 1.93 0.21 0.811
Error 36 9.14




Cell means for oxygen consumption- full design (females)

sD SD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary
RMR 22.79 22.50 26.59 22,75
87-103
days DITH 31.79 30.38 32.11 30.19
DITZ 25,98 21.28 22.79 23.35
RMH 18.77 18.07 26.06 20.71
141-171
days DIT} 25.89 23.37 30.79 26.35
DIT 21.77 17.77 23.54 20.55
Cell standard deviations for oxygen consumption- full design (females)
SD SD Lab chow Lab chow
___Exercised Sedentary Exercised Sedentary
RMR 5.50 3.51 2.75 3.08
87-103 . :
days DIT1} 0.72 : 6.43 1.89 1.94
DIT2 1.50 2.12 3.16 5.80
RMR 1.43 3.40 5.62 4.65
141-171
days DIT1 2.63 1.87 5.09 2.49 N
DIT2 1.57 2.09 2.28 3.19 -




Analysis of variance - Overall DIT

Source

Mean
Diet
Exercise
DE

Error

Age
AD
AE
ADE
Error

af

fo—
T e S SUR -~ SR SR

=

(females)
MS

12237.31
1217.23
6.98
1619.65
299.70

1.37
34.98
1.40
88.47
305.41

40.83
4.06
0.02
5.40

0.00
0.11
0.00
0.29

Prob.

0.000
0.059
0.880
0.032

0.947
0.739
0.947
0.597

s¢c



Cell means for Overall DIT (females)

SD

SD

Lab chow Lab chow .
Exercised Sedentary Exercised Sedentary

104 dayﬂ

31.92

15.90

3.57

18.68

171 daysd

27.12

16.26

8.38

16.84

Cell standard deviations for Overall DIT (females)

104 dayJ

SD SD Lab chow Lab chow

Exercised Sedentary Exercised Sedentary
28.96 13.24 5.52 14.68
7.28 17.56 18.65 21.94

171 days
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Analysis of variance - RMR

Source

Mean
Diet
Exercise
DE

Error

Age
AD
AE
-ADE
Error

af

[

=t
OO it OO pd et

(females)
MS

20219.28
124.41
65.78
42.81
20.15

77.06
21.98
2.38
0.78
10.12

F

1003.62
6.18
3.27
2.12

7.61
2.17
0.23
0.08

Prob.

0.000
0.023
0.088
0.162

0.013
0.158
0.634
0.785

Lee
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Cell means for RMR (females)

SD SD Lab chow Lab chow.
Exercised Sedentary Exercised Sedentary
104 day§ 22.79 22.50 26.59 22.75
171 dayj 18.77 18.07 26.06 20.71

Cell standard deviations for RMR (females)

SD sD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

104 dayq 5.50 3.51 2.75 3.08

171 day4 1.43 3.40 5.62 4.65




Analysis of variance - Caloric intakes

(females)
Source df MS F
Mean 1 2456351400.00 1568.80
Diet 1 7392278.50 - 4.72
Exercise 1 8147049.50 5.20
DE 1 729469.00 0.47
Error 18 1565748.90

Prob.

0.000
0.043
0.035
0.505

6¢¢
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Cell means for total caloric intakes (females)

SD SD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

12028.67 |11142.17 |11202.19 | 9558.62

Cell standard deviations for total caloric
intakes (females)

SD SsD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

1778.81 1309.69 137.12 1179.19




Analysis of

Source

Mean
Diet
Exercise
DE

Error

Age
AD
AE
ADE
Error

variance -

at

=
00 (= foit pt i OO b ot i

=

Body weight (females)

MS

3477243.70
1453.12
15800.12
1392.94
2412.00

37202.03
2796.05
5478.57

375.32
637.47

F

1441.64
0.60
6.55
0.58

58.36
4.39
8.59
0.59

Prob.

0.000
0.448
0.020
0.457

0.000
0.050
0.009
0.453

TEC



104 days

171 days

104 days

171 days

Cell means for body weights (females)

sD sD Lab chow Lab chow -
Exercised ,Sedentary Exercised Sedentary

248.75 270.57 259.00 269.57

290.50 376.86 285.75 330.57

Cell standard deviations for body weights (females)

SD

SD

Lab chow Lab chow

Exercised Sedentary Exercised Sedentary

21.93

23.00

24.62

27 .41

30.65

60.57

31.63

51.83
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Analysis of variance - Lee Index

Source daf

Mean
Diet
Exercise
DE

Error

Age
AD
AE
ADE
Error

[
O = o OO e

=

(females)

MS F
3.32478 38316.78
0.00029 3.31
0.00084 9.64
0.00027 3.16
0.00009
0.00055 31.80
0.00040 23.05
0.00006 3.57
0.00005 2.65
0.00002

Prob.

0.000

= 0.085

0.006
0.092

0.000
0.000
0.075
0.121

€ec
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Cell means for Lee Index (females)

SD SD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

104 days| .27675 .28643 .28075 .28429

171 days| .28575 + 30457 .28150 .28571

Cell standard deviations for Lee Index (females)

SD sD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

104 days| .00785 | .00500 .00427 .00522

171 days| .00395 .01230 .00507 .00692




Analysis of

Source

Mean
Diet
Exercise
DE
Error

variance - Citrate synthase (females)

d

1

£

1
1
1
1l
8

MS

6901.67
0.36
8.67
1.89

10.89

F

634.05
0.03
0.80

0.17.

Prob.

0.000
0.858
0.384
0.682

SEC
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Cell means for Citrate synthase (females)

SD SD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

18.63 17.93 19.50 | 17.59

Cell standard deviations for citrate synthase
(females)

SD SD Lab chow Lab chow
Exercised Sedentary Exercised Sedentary

4.13 4.31 0.84 2.28




Analysis
Source

Mean
Sex
Diet
SD
Exrror

Age
AS
AD
ASD
Error

Meal
MS

MD
MSD
Error

AM
AMS
AMD
AMSD
Error

daf

> N N
AN AN WHHEHE WHE-E

-

MS

73141.24
528.94
12.52
57.93
32.76

270.42
73.24
3.44
23.00
11.23

571.56
45.11
1.49
3.65
5.13

27.81
1.97
7.66
1.56

'6.71

F

2232.82
16.15
0.38
1.77

24.07
6.52
0.31
2.05

111.39
8.79
0.29
0.71

4.13
0.29
1.14
0.23

of variance - Oxygen consumption (sedentary)

Prob.

0.000
0.001
0.542
0.197

0.000

©0.018

0.585
0.166

0.000
0.001
0.749
0.496

0.022
0.748
0.329
0.794
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87-103
days

147-171
days

87-103
days

147-171
days

DIT1
DIT2

RMR
DIT1

DIT2

Cell means for oxygen consumption-full design (sedentary)
Male Female Male Female
SD sDh Lab chow Lab chow

17.45 22.50 17.41 22.75
24.21 30.38 23.64 30.19
18.93 21.28 19.00 23.35
17.33 18.07 15.17 20.71
20.60 23.37 21.38 26.35
20.32 17.77 18.39 20.55

Standard deviations for oxygen consumption-full design (sedentary)

Male Female Male Female
SD SDh Lab chow Lab chow_
RMR 3.24 3.51 2.70 3.08
DIT1 2.03 6.43 3.10 1:94
DIT2 1.69 2.12 1.80 5.80
RMR 3.37 3.40 2.55 4.65
DIT1 4.24 1.87 3.05 2.48
DIT2 3.31 2.09 3.61 3.19

8T



Analysis of Variance -

Source

Mean
Sex
Diet
SD
Error

Age
AS
AD
ASD
Error

af

Wt =

W = s

Overall DIT (sedentary)
MS F
23722.81 110.69
987.76 4.19
160.95 0.75
42.68 0.20
214.32
0.76 0.00
3.37 0.01
128.81 0.48
235.97 0.88
267.11

Prob.

0.000
0.052
0.395
0.660

0.958
0.912
0.494
0.397

6€EC



Cell means for overall DIT (sedentary)
Male Male Female Female
SD__ Lab chow SD Lab_chow
87-103
days 25.98 23.94 15.90 18.68
147-171
days 18.96 31.49 16.26 16.84
Cell standard deviations for overall DIT (sedentary)
Male Male Female Female
SD Lab chow SD Lab chow
87-103
days 16.75 14.04 13.24 14.67
147-171
days 11.93 10.74 17.56 21.94
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Analysis of Variance - RMR - (sedentary)

Source

Mean
Sex
Doet
SD
Error

Age
AS
AD
ASD
Error

af

W s b

R

MS

19254.23
233.83
0.40
21.77
15.79

65.41
14.20
0.06
17.08
6.91

F

1219.55
14.81
0.03
1.38

9.46
2.05
0.01
2.47

Prob.

0.000
0.001
0.875
0.252

0.005
0.165
0.928
0.130

ive



Cell means for RMR

(sedentary)

Male Male Female Female
SD Lab chow SD Lab chow
87-103
days 17.45 17.41 22.50 22.75
147-171
days 17.33 15.17 18.07 20.71
Cell standard deviations for RMR (sedentary)
Male Male Female Female
SD Lab chow SD Lab chow
87-1031. - .
days 3.24 2.70 3.51 3.08
147-171]
days 3.37 2.55 3.41 4.65




Analysis of

Source

Mean
Sex
Diet
SD
Exror

variance - Caloric intakes

af

2

1
1
1
1
3

MS

2096261700.00
56359700.00
8546929.00
658016.30
894277.38

(sedentary)
F

2344.08
63.02
9‘56
0.74

Prob.

0.000
0.000
0.005
0.400

€Eve
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Cell means for total caloric intake (sedentary)

Male Male Female Female
SD Lab chow SD Lab chow

7790.39 6975.54 10999.31 | 9558.62

Cell standard deviations for total caloric
intake (sedentary)

SD Lab chow sD Lab chow

557.22 201.66 1318.39 1179.19




Analysis of variance - Body weights

Source

Mean
‘Sex
Diet
sSD
Error

Age
AS
AD
ASD
Exror

af

[¥) )
W W

(sedentary)
MS F
9746473.60 2604.33
697388.73 186.35
5226.65 1.40
206.80 0.06
3742.42
135634.83 196.67
3800.30 5.51
4650.30 6.74
219.54 0.32
689.65

Prob.

0.000
0.000
0.249
0.816

0.000
0.028
0.016
0.578

svc



104 days

171 days

104 days

171 days
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Cell means for body weights (sedentary)

Male Male Female Female

SD Lab chow SD Lab chow
481.67 480.43 270.57 269.57
613.50 583.14 376.86 330.57

Cell standard deviations for body weights (sedentary)

Male Male Female Female
SD Lab chow SD Lab chow
43.23 36.53 23.00 27.41
65.69 53.54 60.57 51.83




Analysis of Variance - Lee Index

Source

Mean
Sex
Diet
21>]
Exrror

Age
AS
AD
ASD
Error

af

W

W

(sedentary)
MS F
4.68829 47024.04
0.00138 13.80
0.00087 8.73
0.00008 0.81
0.00010
0.00062 31.76
0.00012 6.21
0.00031 15.80
0.00017 8.80
0.00002

Prob.

0.000
0.001
0.007
0.377

0.000
0.020
0.001
0.007

Lve
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Cell means for Lee Index (sedentary)

Male Male Female Female
SD Lab chow sD Lab chow
104 days .30067 .29629 .28643 .28429
+71 days .30567 .29886 .30457 .28571

Cell standard deviations for Lee Index (sedentary)

Male Male Female Female
SD Lab chow SD Lab chow
104 days .00812 .00774 .00500 .00522

171 days .00819 .00590 .01230 .00692




Analysis of variance - Citrate synthase

Source at MS
Mean 1l 8311.13
Sex 1l 0.73
Diet 1l 3.77
SD 1 1.23
Exrror 22 11.74

(sedentary)

F

707.95
0.06
0.32
0.10

Prob.

0.000
0.806
0.576
0.750

6vc
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Cell means for citrate synthase (sedentary)

Male Male Female Female
SD Lab chow SD Lab chow
18.70 17.50 17.93 17.60

Cell standard deviations for citrate synthase
(sedentary)

SD Lab chow SD Lab chow

4.55 1.42 4.30 2.50
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