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 ABSTRACT

3 :
Th1s study 1nvest1gated Timited activity wheel access and

‘:se1f starvat1on in rats ‘Rats on 1 hour daily’ food were allowed 0 2,

6, 12, or 23 hours da1]y wheel access Desp1te no or 11m1ted u%ge]

o

‘access, control ‘and 2 hour groups suffered marked we1ght 1oss th1s

unexpected f1nd1ng was attr1buted to 1nadequate da11y food
‘ 8

'preSentat1on Rats in the 6 hour and 23 ‘hour groups se]f starved ¢

\(
man1fest1ng dec11n1ng food. 1htake w1th rapid, severe we1ght loss and a

h1gh rate and‘net amount of wheel running., The 12 hour group

_ ma1nta1ned relative]y hwgh food 1ntake and therefore d1d not

ifself starve It was concluded that a very h1gh rate .of runn1ng for

&

-moderate durat1on (6 hour group) exerts the same suppressing effect on

food. intake as a moderate rate of running«for pro]onged durat1on (23

P hour group) Intens1ty of exerc1se was 1dent1f1ed as an 1mportant

variable in- se]f starvation in: rats and also 1mp11cated as a potent1a1
area of research for huﬂ%n we1ght d1sorders fanorexia nervosa and

obesity).
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CHAPTER 1),

B INTRODUCTION

5 N RV

B 4

:'.' Research has 1mpﬂ1cated a rec1proca1 1nteraction between restricted

food and 1ncreased physical activ1ty as a preCipitating factor of

»seif starvation in rats (Routtenberg and Kuznesof 1967; Rbuttenberg,

]968 Epiing, Pierce and Stefan, 1981) This research may also suggest

'factors for the deve]opment of human anorexia nervosa (Epling et. al.

]981) The presentfstudy was conducted to determine the effects of

iimiting opportunity to activ1ty on rats given restricted fs%d More

specificaiiy, it was recognized that 11m1£?ﬁ§-azzéss to activ1ty couid

- exert either of two 1nf1uences on self- starvation in rats. First,

‘self-starvation might be depressed or eliminated since net amount of

~ food promotes activ1ty,,a second potential influence was “t rats

wouid respond to iimited activity access by adopting a high rate of

‘ exercise, thereby remaining susceptibie to se]f—starvation

Epiing and his associates (1981) used a factoriai design to

_investigate restricted food and physica] activity in rats. In order td

provide cross species generaiity for findings, a parallel experiment '

K

>

iexerc1se wouid aiso be iimited However, to the extent that/restricted

using mice was also conducteq Included in the design were tio ieveis

»of food availability (free food or 1 hour daiiy food access) and two
1eveis of activity wheei access’ (no access or free access except during

. food presentation//3 Animais ‘were assigned to one of four conditions

-

\.
¥
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free food and no “wheel access free food and free wheel access; 1 hour : :]j:~”

daiiy food and no wheei access i hour dai]y food and free wheei :

i access. The criterion for weight stabilization was body weiqht on qu{,
| 4 of any 4 day period equai to or exceeding that on Day 1. Resuits
showed that” all animais (except one mouse) tn the first three _’7
conditions stabilized weight. The fourth condition {1 hour daily food:

and/free wheei) was unique in that animais seif starved. Aithough

¥

animals in this condition initiaily showed increases in food intake and -
- moderate activity 1eveis, they subsequent]y became more active,,
decreased fopd intake and suffered severe weight loss. This S ]
r—ﬁparaddxical reiationship between food intake, wheei running and weight.
1oss was. so extreme that anima]s were removed from the experiment at.
- 70% of their pre experimenta] weight to prevent their death
Epiing et a1 (1981) attribute se]f starvation to: restricted fgod
which they hypothesize generates increased actiVity (i e. wheei ‘
running) in a matter anaiagous to the deveiopment of schedule induced
" behavior (e g Faik 1971; . Staddon and Simmeihag, 1971) Presumabiy,
. this increased activity,ogenerated by restricted food leads to‘;;"
decreased food ingestion' decreased ingestion then stimuiates even

higher actiVity 1evels. - -~

The se]f-starvation effect was also documented by Rduttenberg and
Ku;nesof (1967) in a four part study 'on starvation in rats Their
first experiment investigated weight stabilization and restricted >:ff i
food. Al subJects were fed for 30 minutes pers day. Contro] rats werej"
housed in standard cages and exp imental rats ih cages with actiVity
wheels. Experimental rats were piaced in one of four conditions no

e ", . e 2



Lo .
. AR Y . . R . -

wheeTfatcess | hOur prior to feeding- 'nc wheei access 2 hours prior,

‘no whee] acess i hour subsEquent to feeding, no wheel access 2 hours

:subsequent Lo feeding. Neightfstabiiization was defined as body weight

g
eduai to’or exceeding thét of Day 1 Qn Day 4 of any 4 day period

- Controi rats stabiiized their weight wheneas subjects in aii four
- experimental conditions continued to 1ose weight and died More
‘:specificaiiy, during final experiment days, experimentai animals

increased Wheei running, iost weight, and in effect, starved themse]ves

to death. There were no significant differences among the four = ;-

.....

“wexperimentai grquns which indicates that imposing a-'"no- activ1ty" 'ﬂ} \
’1nterv;} before or after feéding does not affect se]f starvation. lhﬁ%l
i

discre ts hypotheses ghich expiain se]f starvation as a consequence of
T Vé
adventitious reinforcement of wheel runnang via food presentatio S

As .second experiment by these researchers investigated feeding T

duration dhd seif—starvatlon Controi animais were képt 1n ‘standard. -

j-cages, experimentai animais in cages w1th actjvity wheels. ‘A7'r”,

1 hour dai]y food the majdrity of animais withmfree wheeF aCCess

= 1"°

"f.starvatlon criterion was defined wherein any rat - eating iess than 1 g

:vduring a feeding period was sacrifiCed. Results demoﬁstrated that w1th

e

QSelf starved whereas the majority bf animals given 1 hour daily food

122%,"0 aCt1Vity Whee] Stab1]1zed weight. Shorter feeding durations (30';'
4 o

5 minutes daiiy food) did notmpnoduce defihitive differences

between controi and experimental aniga]s because a]] animals tended to

.

astarve.

@



v .suppressed?actiVitj. “Theoretica]ly,'this would disrupt the reciprocal

: '1stab1lized weight 1in fewer da\s than usual

,phenomenpn; The first nove]t‘

é

Routtenberg and Kuznesof's th1rd exper1ment stud1ed nove]ty stress *

(stress assoc1ated with a new environment) and self- starvat1on.’

Resu1ts showed - that rats al]owed several days to adapt to_the

'exper1menta1 apparatus before placed on restr1cted food -ate more than

non- adapted subJects The1r highér food 1ntake, however, was only for o
the f1rst severa] days.’ Thereafter 1ntake d1m1n1shed and '

5e1f—starvat1on occurred. Thus, reduc1ng nove]ty stress did not

' -s1gn1f1cant1y influence se]f starvatlon

The f1na1oexper1ment 1nvest1gated depressant drugs and
se]f starvat1on. As in the prev1ous stud1es, control rats were kept in

standard cages, experimental rats in cages with activ1ty wheeis. When

771nJected w1th ch]oropromaz1ne (cPZ), 75% of . the exper1menta1 subJects

stab111zed welght and were much 1ess active than those .in the prev1ous
exper1ments Control rats reCe1v1ng CPZ stab11lzed wewght in a t1me

span typica] of other controh subJects These f1nd1ngs 1mp1ylthat CcpZ

e11m1nated self- starvat1on i experimental'anima]s because’ it .

1nteract1on between activ1ty level and food ingestibn. _An alternative

. exp?anat1on, that CPZ was ef ect1ve by promoting food 1ntake, is

weakened by the find1ng thatlcontrol rats stabilwzed weight 1n the

‘ usua] t1nm§span. If CPZ 1nc Eased 1ntake, control an1mals would have

Routtenberg (1968) who describ:d two stress factors affecting the

stress, was.prev1qus]y identifijed by
\ i

»

The second factor, deprfvation

[
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stress, was cons1dered more cr1t1ca1 to se]f starvat1on‘bee§use un11ke
nove]ty stress its suppression of food’rntake did not subside.
Deprlvat1on stress, and. u1t1mate1y se]f-starvat1on, was prevented by-
.either pre- exper1me;ta1 adaptat1on to restr1cted food or by CPZ
. 1nJect1on54 Routtenberg (1968) concluded that depr1vat1on, and thus
self starvat1on wWas a consequence. of restricted food in combination
with phys1ca1 activity. o ’ ' )
Fro& the research emerge severa] def1n1t1ve features of the
se]f starvat1on effect. Self starvation deve]ops in rats and mice
given restricted food and free access to an activity wheel. This 15
ver1f;ed by the consistent f1nd1ng that the maJor1ty of an1mals given 1
hour da11y food access and 23 hours access to an activity wheel. become
1,progre551ve1y more act1ve, eat ]ess and suffer severe we1ght 1oss.
| Also, self- -starving animals exhibit extreme]y h1gh activity levels -
relative to norma] rats (e g. 10,000 whee]s turns/day vs. 500 wheel
turns/day) Food 1ntake in. seTf -starving rats is unusually low (e.q. 8
g/day for self-starving rats vs. 14 g/day 1n contro] rats or 21 g/day
in normal rats). S ; ;f{
| Se1f—starvat1on can be'reduced by pre-eXperdmental adaptation to
restr1cted food or by CPZ 1nJect1ons. Adaptat1on to restr1cted food 1s
‘presumed to be effect1ve because it reduces stress assoc1ated with
deprivation.. CPZ is hypothesized to be effect1ve because it suppresses
, phys1ca1 actlvity A commona11ty between these treatments s that,
theoret1ca1]y, both disrupt: the rec1proca1 1nteract10n between Y
'~’restr1cted food and increased phys1ca1 activity.' This reciprocal

interaction 1s,cr1t1ca1 ‘to the development;of self-starvation and is-



thus an important premise for a mode] of self starvatvon. Ev1dence

substant1at1ng the 1nf1uences restr1cted food and physical act1v1ty
" have upon each other is found in the etho]oglcal, operant and human
‘11terature.

An exanple of the effect increased physica1.activity has upon food
. intake is prov1ded by Levltsky (]974) who recorded food 1ntake in rats
| after the 1ntroduct1on of an activity wheel. Results revealed that
/among those.rats who used the wheel, food intake was seVereJy depressed
for 4 toh6 days \k~bsequent to the onset of wheel runn1ng ‘Presumably,
the ‘increase in phys1ca1 act1v1ty served to: deprefs food intake.

Premack and Premack (1963) postu]ated that eating and whee runn1ng
are equivalent behaviors in the rat's total reperto1re of act1ve |
behaviors. Man1pu1at1ng the opportun1ty to engage in one behav1or .
(e.g. wheel running) would thus produce a COmpensatory increase or
‘decrease in the other behavior,(e,g.'eating). Their results showed
thatsintroduction of an activity nheeT producedvincreased activity
"concom1tant with a vo]unfary decrease in food ingestion for the first 7
- days. Interest1ngly, these authors also demonstrated that - subsequent
removal of the act1v1ty whee] resu]téd in increased food intake which
persisted even after normal body we1ght had been restored.

~ Epstein, Masek and Marshali (1978) 1nvest1gated,methods for

improVino‘regu1at10n of food intake in obese children. They found that
increasing pre-lunch activity level of .the cht]dren was'associated n{th

decreased ca]or]c 1ntake at the meal. The authors conc1uded that .

s1nce ho changes 1n food preferences were observed ca]oric decrease
[

was probably a funct1on of decrease in: general food intake" (page 776)
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The agove stud1es are cons1stent in show1ng that 1ncreased phys1ca]
act1v1ty is frequent]y assoc1ated with a vo]untary reductlon of food

l1ntake. The reverse re]at1onsh1p, decreased food ava11ab1lity

resulting in 1ncreased phys1ca1 act1v1ty, has also been no%%d 1n the

" 11terature (Corn1sh and Mrovosky, 1965,,F1nger, 1951)

For examp]e, Cornish and Mrovosky (1965) 1nVest1gated act1v1ty
differences between hibernators and-nonh1bernators when depr1ved of
food. These authors‘noted that nonhibernators (rats and guinea pigs) ’
‘became significantly more act1ve when depr1ved of food. This findin§ _ ¢
‘ -demonstrates that restr1cted food 1s re]ated to act1v1ty increases..
Further support is provided by Finger (1951) who showed‘that
aot1v1ty 1eve1 is functionally related to food deprivatton} ‘Rats
deprived of food for 24.hours manifested sma]] 1n¢reases in wheel
.running whereas rats depr1ved for 72 hours exh1b1ted much h1gher
.act1v1ty levels. ;
Research ‘thus supports the contention that food intake and phys1ca1
act1v1ty can 1nfluence each other. Under cond1t1ons of restricted -
‘ vfood, increased phys1ca1 activity is frequent]y observed Converse]y,/
| increased activity is often assoc1ated,w1th voluntary abstentton'or
reduction of food intake. These interactions have been»noted in an
array of species, including humans, and are central to a model of
" self-starvation. _ |
fn the present.study rats on restricted'food-were randomly assigned
to one of five levels of access to an activ1ty wheel. Because
opportunity for act1v1ty access varied by treatment condition the

_appropriate measure of actiy1ty was rate of whee]‘running (number of
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turns per hour), th1s a]]owed 1ntergroup compar1sqns to be made.
A]though use of rate as an act1v1ty measure\was a methodolog1ca1
necessaty, it also represents a un1que 1nvest1;;t1ve approach to
"se]f starvat1on. That is, prev1ous stud1es on self starvat1on
. (Routtenberg and Kuznesof 1967 Routtenberg, 1968 Ep11ng, Pierce ‘and.
Stefan, 1981) 1nvo]ved unlimited (i.e. 23 hour) whee1 access and so -
compar1sons were made us1ng the total number of wheel turns per day.
An hourly rate of whee] running, however, ts a finer. index of act1v1ty
"4%1ch ref]ects relative 1ntens1ty of exercise among . act1ve animals.
. Rate of ct1v1ty may be an 1mportant factor in the development and
mantfestat1on of se]f starvation. |

The present study was conducted to investigate the effects of

tlim1t1ng activj for rats placed on.a restrwcted feed1ng schedule.

This restri ion may affect act1v1ty by reducing net amount of wheel

runn1ng or by 1ncreas1ng the rate of runn1ng Changes in either rate

. of running or\net number of whee] turns wou]d be expected to affect

food ingestion. Thus, the present study will clarify whether amount of
'act1v1ty access d1fferent1at]y affects rate of runn1ng and any

consequent 1mpact on food 1ngest10n and/or self starvat1on
-~ It is further suggested tﬁat if rate of running is unaffected

. across qana1t10ns, then as th? amount of access to the act1v1ty wheel

increases:

i

a) Number of days to stabi]jzation criterion 1ncreases'for animals
stabilizing weight. / T i |

b) Number of days to starthion criterion decreases for animals losing
weight. I

/
i



c) The proportmn of amma]s per group‘ weeting stabﬂization crii:emon

5

decreases. B , .o

@

7

- d) The proportion of amma]s per grou@gmeetmg starvation criterion

4 ncreases .

Uiy ‘\\:‘\Q
o R -
e) Food intake decreases. S SN
~ f) Weight loss increases. | T
™ S ‘ A
N ‘\l«\\ .
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CHAPTER IT l\\ '.

METHOD . v

Subjects _
Twenty-four male Sprague-Dawley rats from the university animal
CO]ony were approximately 45 days old when  the experiment began. None

of the animals were littermates.

Aggaratu : ‘

Apparatae were standard Nahman act1v1ty wheels (35 cm d1ameter)
with side cages The cages 1nc1uded doors ‘which could be used-to
separate cage and wheel. ATl wheels had a meter that recorded turns in

.

either direction,"

Procedure

A group -design was used to investfgate food restr1ctjon over five.
1eve1s of wheel access: 23 hour access per day, 12 houf access, 6 hour
access, 2 hour - access and a contro] group (no access) (see Table 1)

For all cond1t1ons food was restriE‘ed to a 1 hour da11y presentat1on
of Punana‘Chow pellets. To ensure that starvation ‘Was not due to -
insufficient food ‘at least:20 g of food was presented at each
feeding. Ad 1ib water was avai]ab]e for all conditions. A]th0ugh‘

efforts were made to maintain constant ]ight and room condltions,

severa] _extreme f]uctuations in temperature and humidity occurred.

1 v

o A%.r . : v, ]0 .
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Table 1

Summary of Independent and Dependent Var1ab1es :

Independent Variab]e

Daily Act1v1ty Wheel Access
(5 leve]s)

4

Dependen;’veriabdes

X

0 hours (control). -
2 hours y
6 hours

12 hours

23 hours

Body weight (g per day)
Food intake (g peg day) '
Rate of wheel runhing (whee] turns.
. per.hour)




[} — B . . - »
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Subjects were»fandom]y assigned to one of the five conditions. On

four different occasions animals were iﬁedvertentTy a]1owed-lohger

wheellaccess;‘these-four rats were eXc]uded from the anaivses end

replaced with new subjects. Four subjects. were included in each

_ cond1t1on, y1eld1ng a total of 20 exper1menta1 animals. Because on]y

eight wheels were available it was necessary to conduct the axperiment

12

9n three phases (in orderﬁfor 20 subjects to be inc]uded).v Al] animals

were randdm]y as?igned to an apparatus.

Body weight and .number of wheel turns were recorded at the same
time each day, just prior to feeding. Fooe intake Qas measured via
pne/post meal we1gh1ng of food pellets. The door between the side cage
and the wheel remained open except dur1ng food presentat1on when -
an1mals were restr1ctigpto the side cage. whee1 access. was restr1cted
by ty1ng the wheel so that it was 1mmob11e. After feeding, the. door to
the whee] was opened, the wheels were released, then retied. after the
appropriate 1nterva1 (2 6 12 or 23 hours). In the control cond1tion

the wheel was always tﬁed. _

For all conditions, the cr1ter1on for remov1ng a subject from the .
F ' ~

exper1ment was either:
1. Attalnment of 70% of the anima]'s.pre-experimehte1 body weight
(Epling et. a1.1981) u ' | v
2. Weight on Day 4 of any 4 day period greater than_or equal to

weight on Day 1 of the same per1od (Routtenberg and Kuznesof,
1967). |

»
O
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" RESULTS

- -

\ _ . ,

Prior to statistical ana]yses, data was processed to equate the
number of observations for each subJect Th1S was necessary because of-
variability among animais of the number of _days. to starvation or
'stabllization criterion.' ‘The number of observations per subject was

4

. inherently termined by the animal(s) meeting starvation or

stabiiization criterion in the fewest days Two anima?§ in the 6hhour
condition reached starvation criterion in 5 days, therefore five
_measures of each dependent variable were se]ected per subJect

" Two methods of ‘data analysis were used. The first method_used'data
from the last 5 experimental days. This method was also used: by .
Routtenberg and Kuznesof (1967) A prob]em with this method is that
' samp]ing is restricted to final experimental phases and may thus be
nonrepresentative of trends in initial phases of the experiment Th1S
~ is especially critical in cases where subJects required a re]ativeiy
long time {e.g. 22 days) to meet criterion. |

In view of this drawback, another method of data ana1y51s was also.
| used. First developed by Vincent (1912) and modified by KJerstad
(]9]9),'th15 technique was used by Epling et. al. (1981). It involves {
interpolation of data points so that'aiiypoints_are equidistant and -
encompass the entire range of data. For exam'ie, if’an animal required
17 days to meet starvation criterion, five 1nterpoiated data points
correspond to graphicai values of the dependent variable at 3. 4, 6. 8

L

13



14

10.2, 13 6 and 17.0 days. The distahoe-between each point }ephesents
17/5 days. - : - ‘
0bservat1ons se]ected by both techniques were trepted as repeated""'
'measures and subjected to analyses of Lovariance (ANOCOVAR) w1th trend
analys1s. S1mi]ar ana]yses were comp]eted on data that exc]uded

r

observat1ons from 1nact1ve an1malsQ These latter -analyses were
included because of the cr1t1ca] ro]e act1v1ty plays in
se]f—starvat1on, results cou]d be biased by subJects who never.engaged
in wheel running. Two rats (subject 13 in the 12 hour: condition;
subject 19 in.the 23 hour condit1on) averaged 1ess than two wheel turns
~per day and so were eicluded from these analyses. '

In a]] ANOCOVARS, the covar1ate was base11ne body we1ght measured
on 3 consecut1ve pre- exper1menta1 days. The variate was one of the
three.dependent‘measures (body weight food intake or rate of whee]
running). Also presented in th1s sectlon is data on time to starvat1on
oh stab111zat1on cr1ter1on and the proport1on of animals stab1]1z1ng
we1ght in each- condition.

- Included in Appendices A - F are results which are either

.nonsignificant and/or are supplementary to information presented below.

X

Number of Days to Criterion

" Because of the small number of observations per condition for each
criterion cqtegory (1.e. starvat1on or stab111zat10n)ﬂ this data was
not amenab]e to statistical ana1ysis. Qua11tat1ve ana1ysis of the
data, however, is discussed- below. | | |

As can be seen from Table 2, number‘of days toﬁstarvatioﬁ.cr¢terion



.do not appear to relate systematically to treatment condition. The 6
" hour group met starvation criterion in fewest days followed by the 2
hour, 23 hour 12 hour and control groups, respectively. These
findings discredit the hypothesis that number of days to starvation ‘
lcriterion)would increase with less wheel access.
. It is of interest to note that subJects in the 6 hour group met
lstarvation Criterion in considerably fewer days than did those in other _'
'conditions. These animals also showed no variability in the number of
days to criterion These observations suggest that the 6 hour
condition was unique in producing rapid weight loss consistent.among
its subJects | ‘
The_number of days‘to stabilization criterion also do not appear to
‘relate systematically to treatment cgndition,(see Table 3).‘ lhe 6 hour
group stabilized.infthe fewest days, followed by the 23\hour.vcontrol,
2 hour and lZlhour groups. respectively. Theseifindings do not ‘support
the hypothesis that as wheel access decreased the number of days to
stabilization criterion would decrease. : '

Number d? Animals Reaching Criterion

As is ev1deht in Table 4, there is. Very limited 1ntergroup |
variabjlity in the number of animals meeting either starvation or
~.stabilization criterioﬂ' A significance test of Chi square reveals no
'ldifferences (p » 0.70) between ‘the number of "starving"

"stabiliZing" subJects (see Appendix A for this analysis)

Results do not support the hypothesis that the proportion of °

animals stabilizing their weight would decrease with declining wheel

o,
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':,Rahgé:andvMean;Numperiof'DayS'to'Starvation Criterion -

.
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Growp - . Control * 2 hour . "6 hour 'T2'houb‘+ir231hQUr7

Mean T e g 3y

. Range o0 20 503 g2 914 .-

"~ . o _,,Zg . 2 3° .3 3

Table 3

'Range and Mean ‘Number of Days to Stabilizat§oﬁ-Cr1terioh';,

Group. . ° \Cohtrol ' 2 hour 6 hour 12 hour 23 hour

\
Mean 145 w5 . 8 At 1
Range  \ 1415 14-15 o - -
no o2 2 e 1 1 1

e Table 4 .
.. Number of Subjects Per Group Rééchiqg Each Criteripn

s N

~ Group Control * .2 hour 6 hour 12 hour 23 hour

CRITERION SN
§tarvation. 2 2 3 3 .3

Stabilization B T |
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accgss As wei] the high proportion of animais meeting starvation

/

criterion in the contro] group indicates that 1 hour daily food access.
i N

wa? not sufficient fpr anima]s to stabi]ize weight. Co | 't"iﬂ

-
P

Pre Experihenta] weight - ' . . '
' Pre-experimental body weight was the covariate for ANOCOVARs of
experimental weight, food. 1ntake and rate of wheel running - Mean f
pre-experimentai weight based upon 3 days of observations, was 1owest V.
~for, ;he 6 hour group followed by the 2 hour, 12 hour control and 23 |
hour groups, respectively (see Table'5). °

Exclusion of non-runners from calcu]ation of mean pre- experimental "
weight reduced 1ntergroup variabi]ity. That is, the 12 hour group mean
;E-increased slightly and the 23 hour group mean showed a very 1arge - G:
decrease. This latter result suggests that ‘the non-active animal 'in -

v ~

thé 23 hour - group was, a major/source of .error variance It is also of
: ‘intergst to note that the 6 hour group mean was con51derab1y Tower than

those of the other conditions, the contro] 2 hour, 12‘hour and. 23 hour

=

group means were relativeiy hemogeneous .
' : _

' Body Weight * o ST

. ANOCOVARs on. body weight v1olated the statistica? ‘model assumption

“of compound symmetry of covariance matrices This was 1ndicated by a
significant sphericity test (p = .000) To ensure that statistics were '’
unbiased conservative F- tests were conducted (see Appendix B)
Results from the conservative F~ tests did not alter findings presented

be]ow.



.18
s - L
4 ) i
Table 5.
) Mean Pre-éxperimenta] Weight (g) for Groups
. Group B ~ Control, 2 hour 6 hour 12_hourv 23 hour
A1l Animals 256 .25 245,75  229.42 248.99 271.58

Ngn-runnérs” 256.25 ©  245.75 229.42 25201 - 246.22
Excluded S ' ‘ ’ . ‘ .




-dr

'those abqye jsee Appendftes C agd DL én.egeeptign‘wds;nptedvin that ~

The ANOCOVAR of Kjerstad data shows that the covariate was highly

significant (F = 87.59;.df = 1,4, p = .000). The main effect was not

significant (p‘ J182). Trend analysis revea]ed a. Significant 1inear

‘trend ((F = 86.56, df = 1,15, p = .000) which reflects a

within-subjects effect of weight decline over time.(edjusted'mean
weight in g: Time 1 = 221. 19, Time 2 = 211.95, Time 3 = 203.79, Time 4
= 195.25, Time 5 = 185.45). A significant interaction fof cubic trend

. /
by groups also occurred (F 3. 58 df = 4,15, p = .030). Examinationv_

of adjusted means suggests that proportion of weight 1ost over time

lvaries conSiderabiy between groups (see Table 6). This observation is

clarified by conSidering percent reduction in body weight for groups .
over time (see Table 7). It is eVident that the 6 hour, 12 hour.and 23
hour groups show proportionate]y greater weight Toss from Time 4 to
Time 5 than do the control and 2 hour groups. As'we]l, the 23‘h0ur
group manifests a much higher weight reduction than the 12 hbur’and 6

hour groups. The;controi and 2 hour ‘groups shpw a tendency to decrease

rate of weight loss over time. These observations suggest intense

weight loss during final experimental days for the 6 hour, 12 hour and

particuiarly, the 23 hour group This tendency contrasts with the

contro] and 2 hour groups which tend to minimize weight loss during

final experimental days.
Equivalent. ANOCOVARs were comp]eted on the other three sets of data
(KJerstad data with non-runners excluded; iast 5 days data, last 5 days - -

. - . . TP
"o‘.‘ PR D N N S

data with' non-runners exciuded) Resu%ts were highiy eonsrstent WTth ”;'1~ -

» 1
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Table 6
Adjusted Mean Weight (g) for Groups Over Time
Group v~ Control 2 hour 6 hour - 12 hour 23 hour
 Time 1 22260 219.49  221.26  214.30  228.34
Time 2 : 215.10 208.74  213.51 . 203.30  214.09
Time 3~ . 206.60 "‘§90;74 205.76  195.80 210.09
Time 4 : ]98.60 ‘ 192.24 ]9].0] 187.30 ' .20]'09
Time 5 ' 196.10 187.24 184.51  176.80 182.59
_ Tab]e 7
. C "‘ '
" Percent Reduction ‘in Weight for Groups Between T'img Points -
Group : Control 2 hour 6 hour 12 hour . 23 hour -

Time
2to3 3.90 380 - 3.60° - ~3.70
‘3t0 .4." |

@

E:

A0 2 et 30T T agg -t 350 sii0 S Te20” T
| S 1.87

CL U380 {820 - - - 8.2 o 4a30- - - 420 - oo
4to5 .. 1,25 2560 - 6.30 5.60  9.20

e
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a swgnif1cant cubic trend by group 1nteract1on did not occur in the

last 5 days data.]

21

Results from ana]yses of weight show that a]though the main effects,f

* was not significant and al] groups showed a'trend of we1ght loss over

t1me, the rate of weight loss for groups’ var1ed between time points.

The 6 hour, 12 hour and 23 hour groups manifested a high proportion of.
welght loss near the end of the experiment. This was most marked in
the 23 hour group. The control and 2 hour groups decreased the1r rate

of weight loss over time.

Food Intake o o
The ANQVOCAR of Kjerstad data revealed a highly sipnificant

covariate (F = 18.08, df = 1,14, p = .000). The main effect was
| nonsignificant (p = .084). Trend analysis revealed a s1gn1f1cant .
.quadrat1c trend (F = 14, 28 df = 1,15, p = .002); this is consistent
“with. the within- subjects effect of- increasing food intake'from Tine 1
to Time 3 with subsequent decreases from T1me 3 to T1me 5 (adjusted
mean intake in g: Time 1 = 8, 19 Time 2 = 9.56, Time 3 = 9.86, Time 4
- 9.61, Time 5 = 8.73). .

r ANOVOCAR of qurstad data with non -runners excluded produced h1gh1y

"51m11ar results (see Append1ces € and D). -An except1on is a s1gni-

'ficant quadratlc trend by group 1nteract1on ( =, 75 df = 4. 13 p=

‘.039) Graphﬂcai representataon of ‘the means (see Figure 1) depicts

@ w . )

PR

' ¢] _pTh1s discrepancy reflects the fact that the KJerstad data and the
last 5.days data sample observations from different stages of the
experlment .
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Adjusted Medn Food Intake Over Time For Groups
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é quadraticbtrend for the 6 hour and 23 hour'conditions. It is noted
that th1s trend of food intake character1zes self- starv1ng rats (e.g.

j> Routtenberg.andiguznesof 1967 Routtenberg, 1968; EpL]ng et al.
1981).. A]so evident in Figure 1 is the tendency. of the contro], -2 hour
and 12 hour groups to 1ncrease, then stabilize, food intake. Among
‘the§e three groups, the control group maintained the hjghestvintake
level, followed by the 2 hour and 12 hour groups, rgspect?Vé]y:

Results from the ANOCOVAR of the last 5 days data differ from
Kjerstad data analyses (see Appendices C and D). The covariate was
highly significant (F = 19.24, df = 1,14, b = .000). The main effect
was very neariy significant (p = 0505) Examination of adjusted mean v
intake for ‘each group reveals th;t over the last 5 experimental days,
the contro] group had the highest intake followed by the 2 hour, 6
hour, 12 hour, and 23 hour groups, respective]y (see Table 8). Trend
analysis did not yield any'signfficaht results for quqdratic or linear
trends.? ’

Exclusion of non -runners from the abové analysis a]tered findings
in that the ma1n effect was more high]y s1gn1f1cant (F = 3.40, df =
4,12, p = .044). A sign1f1cant linear trend occurred (F = 16;88,
df = 1,13, p = .043) which reflects a within-subjects effect of
increased intake from Time 2 to Time 4'(sée/ﬁab1e 9). Consideration of

ingestion patterns depicted in Figure'l suggests that the linear trend

is generally attributable to the contro];'Z hour and 12 hqQur groups

2 A significant cubic trend occurred but a mean1ngfu1 1nterpretat1on
was limited by the complexity of such a trend.
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' Table 8
"fAdjuSted3MéahfFobdzIﬁtakez(g)‘forZGrQups -

.

Group - - - . Control 2 hour 6 hour 12 hour 23'hoUr

o N e

‘,10£7,ZJ;MQQ;GOQQL»,WQJQAmmin&O

Table 9

"AdJusted Mean Food Intake (g) for Subjects Over Time

)

..10.08 9.54 956  9.88 = g.59




‘which manifest small fncreases of tntake over the course.of the
experiment. However, the decrease of intake from Time 4 to Time 5
which is ev1dent in Tab1e 9, ref]ects the 6 hour and 23 hour groups'
tendency to decrease intake during the1r f1na1 experimental days (a]so

see F1gure 1)

To summarize, ana]yses of food intake revea] that during the last 5

exper1menta1 -days amount of whee] access sign1f1cant1y 1nf1uenced food .

1ntake. That 1s,_the control group had the h1ghest 1ntake followed by

the 2 hour 6 hour, 12 hour and 23 hour ,groups, respectlvely The
hypothesis that food intake would decrease with increased wheel access
. :15 supported by these resu]ts Trend analysis revealed 51gn1f1cant}y |
d1fferent patterns oF-1ntake between groups ower tIme.' The 6 hQur and
3_23 hour groups showed a pattern of 1ngest1on wh1ch bharacter1zes

‘self starvation - 1n1t1a1 1ncreases of 1ntake w1th subsequent decreases
during final experimenta] days.~ The -control” group 1ncreased intake.
over the experiment whereas the 2 hour and 12 hour 'groups 1n1t1a11y
increased food intake and then tended.to ma1nta1n it.

>

Rate of Wheel Running3

-

As with analyses of body weight, ANOCOVARs of rate of running
violated statistical model assumptions. With one exception
conservative F-tests did not alter the findings presented below. (See

Appendix D for these conservative F-tests).

3 Analysis on rate of wheel running 1nc1uded only the four
experimenta? conditions since control anima]s did not have wheel
,access. '

25



% The ANOCOVAR of Kjerstad data revealed'a significant covariate ¥
(F

4.87, df = 1,11, p = .049). - The main effect was non- s1gn1f1cant

(p = .387)- Trend ana]y51s showed 51gn1f1cant linear (F = 24, 69,

df

1,12, p = 000) and quadratwc (F 20 65, df = 1,12, p = .000)

trends. These trends are cons1stent w1th a within- subJects effect of

_ rate 1ncreases over time, -most marked from Time 4 to Time 5 (adJusted :

' mean number of wheel turns per hour T1me 1 =29.37, Time 2 = 37.81,

Time 3 = 65;37, Time 4 = 166.68, Time 5 ="345,Z3),. Exc1nsion~of

- non-runners from a'subseouent ANOCOVAR did not alter these results (see.

-
-l

Appéndiées'c and B). L e P

ANOCOVARs of the 1ast 5 days data produced- f1nd1ngs 51m11ar to

 those above - (see Append1ce$ C and D) An exceptlon is a 51gn1f1cant

quadratic trend by group 1nteraction (F 4. 86 df = 3 12, p = 019)

found. in. the last 5 days data, all. an1mals 1nc1uded 4 Examinatlon of

26

adjusted means shows 1arge rate 1ncreases for a11 groups from T1me 3 to

T1me 4 and from T1me 4 to Time 5 (see Tab]e 10). It is also noted that
at T1me 5, the 6 hour group-displayed the highest rate of running,
followed by the 23 hour, 12 hour and 2 hour groups, respectively

4

1ight of the net number of wheel" rns for the last 5 days data, a]l

ee] turns 1s '

animals included (see Table 11). When number of W

considered, the 23 hour group d1sp1ays t er followed by

4 gy useogf the conservative F-test, this result bgcame NS at

. These find1ngs on rate of wheeT runnlng must also belzons1dered 1n L
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LT Group

6

-

_u thour hour 12 hour

23 hour

Time 1

- Time 2 41‘
Time 3
Time 4

CTime 5. e

cof 31422

" _8.06.
5.94-

'26.64"
147,22 54.39
. 120.39

188.64

27.94
231.44

84.72
109.97

T2 sssas 272080

8071

S 117.46 -

254.46

- 272.46

376.46 -

N

—T

t o I

Table 11

Adjusted Mean Ndmber of Wheel Turns for GroUpS'Over Timeb

Group

2 hour 6 hour 12 hour

23 hour

Time 1

- Tive2 |
Time 3 -
Time 4

Time 5,

62.44,  -48.36  319.68

. 9444 35,64

~_.‘fs'sz.-ﬁsli'
re9.46 16764 14
2263.68
3274.68

'1388.64

-219.94 |
3332.64

347.44

1448068

1856.33

2701.58

5852.58. - -
| 6266.58

8658.58

: fs Mean number of wheel tur
- presented in Table 10. .

ns were calculated from mean rates

T .,w..
B
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Resu]ts show that rate of wheel runnkng tended to 1ncrease with

1ncreased wheel access but this trend was diSrupted by the 6 hour

conditipn. This group disp]ayed the highest rate fo]]owed by the23 -~

”hour 12 hour and 2 hour groups, respectively. The 2 hour group

differed from the 6 hour, 12 hour and 23 hour groups 1n 1ts relatiueky'i»* :

Tow’ net amount and rate of whee] running, this was most apparent at

Time 5.

All groups displayed increases in rate of running over time. These'

increases were most marked from Time 4 to Time 5 . JH;,i e e e

’
~

)
Summary of Results

Number ' of* days to starvation or stabilization-criterion did not
systematical]y relate to treatment condition. Of interest was the 6
hour group s rapid progre551on to criterion which may reflect its Tow

pre-exper1menta1 weight. . o B
h The proportion of animals meeting stabilization criterion did not

differ 51gn1f1cantly from the proportion meeting starvation criteriom.
‘ This result, as well as 1ack of 1ntergroup differences for the |

. proportion of rats*reaching starvation criterion and especially. the -

highproport fon of ‘control subjects reaching starvation-criterion,” =

suggests the 1 hour feeding procedure was too severe. . |

. Analyses on experimental weight indicated no: Significant main
veffei(s. However, a significant interaction reveaied that the 6 hour,

12 hour and aespecially the 23 hour "group. 1ost weight. very rapidly N

during the fina] experimental days. This contrasts with the control

and 2 hour groups which, over the same time span, s]owed weight 1oss.

28



':_jrelated t? ‘amount of whee] access. The 23 hour group had the Towest

29 '

0ver the Tast 5 experimental days, food intake _was inversely

.
mean 1ntake, fo]]owed by the 12 hour, 6 hour, 2 hour and contraol
groups, respective]y The 6 hour and 12 hour groups ‘were very c]ose to,
each other 1n the1r mean intake, as were the control and 2 hour
groups. Trend ana1y51s revea]ed that over the course of the
exper1ment the contro] group tended to 1ncrease 1ntake and the 2 hour
;‘fand T2 hour gr0ups ma1ntafned 1ntake The 6 hour and 23 hour groups
showed initial 1ncreases and subsequent decreases in food intake and

thus were the only groups man1fest1ng an 1ngest1on pattern t¥p1ca1 of
" self-starvation.
Rate of wheel runn1ng did not 1ncrease as amount of whee] access-
decreased The 6 hour group was unique in 1ts very h1gh r?te of

running, the 23 hour group had the next h1ghest rate, fo]]owed by the

R hour- and 2 hour grdups, réspectively.. -Net amount of act1vity tended ,

?o 1ncrease with 1ncreas1ng wheel access, an except1on being the 6 hour
group. That is, the 23 hour group had the highest number of wheel -
" turns foT1OWed by the 6 hdur 12 hour and 2 hour groups, respect1ve1y,4
‘By e1ther measure of actxvity (rate of runn1ng or net number of whee]
‘turns) the 6 hour ‘and 23 hour .groups were. most actlye follo ed by:the - .- -

12 hour group, and then the 2 hour group, These find1ngs indncate

d1fferent amounts of access to an-activity whee] were assoc1ated
d1fferent rates and net amounts of whee] running; neithér rate of
runnlng or net number -of wheel turns 1ncreased d1rect1y with- 1ncrease5'

in the amount. of wheel access. . v
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Integrat1on of the ab0ve results 1ndicates that only the 6 hour and

e.
23 hour groups manxfested trends typ1fy1ng self- starvat1on - declining

food 1ngest1on concomitant with rapid weight - 1oss and an extreme]y h1gh

activity level. o ; .



 CHAPTER IV
'DISCUSSION .-

E Inferences from results of the present study are 11m1ted‘by the
.._highbproportion of rats in the control and 2 hour groups that met
starvation criterion. This unexpected f1nd1ng ref]ects two
1nterre1ated factors and their considerat1on is necessary to clarify
the effects of 11m1t1ng activity access on self- starvation First, a
1 hour dai]y food rat1on may be. 1nadequate for weight stab111zation.
Th1s was exemp11f1ed by two contro] animals who, despite no wheel
access, reached 70% Usdy weight Routtenberg and Kuznesof (1967)
. reported that one of five rats given 1-hour daily foo and no wheel
access failed to stabilize weight Their data, as well as findings
'from the present study, indicate that 1 hour daily food may be
1nsuff1c1ent to mainta1n body weight since a significant proport1on of
control rats on this food schedule are unable to stab111ze we#;ht
Secondly,. the high proportion of starving anima1s in the present '
study may be attributed to the 70% pre-experimental weight crlterion
This criterion 1mp11es.that the majority of animals;in the present
study self-starved althoudh significant 1ntergroup differences occurred

for weight loss, food intake and wheel running. For examp]e, the 2

hour group decreased weight loss over time. mainta1ned re]ative]y high '

food ingestion and showed 1ittle whee].running;‘this contrasts with the

6,houn\g:2up'wh1ch increased weight loss over time, decreased intake

31

, g



4 o _ L,

o s
ST AR .
Y ) i -

.. e L . ~ €. - oo,

- " . . s 3 A

'and showed a very high rate and net- amount of whee1 runn1ng. These

marked d1fferences between the two cond1t1ons however, are obscured

since application of the 70% cr1ter1on c1ass1f1es a 1arge ornportion of.

rats in each group as ﬂneetmg starvation cr1ter1on

An a]ternatlve criterion of starvation is prov1ded by RoutbéJ;erg
| and Kuznesof (1967) who defined man1festation of self- starvat1on as
food intake 3ess‘than'1-g on any experimental day. Because the
se]f—starvation mode] is'based upon ‘a reciprocal interaction between
. 1ncreased act1v1ty and decreas1ng food ingestion, Routtenberg and |
,tuKuznesof S (1967) criterion of starvation may be more appropriate since
it d1rect1y reflects food=1n9e$tion Seventy'per cent pre-experimental
weight however, is on]y an 1ndirect “indicator of 1ntake

App11cation of Routtenberg and Kuznesof s (1967) self- starvat1on
criter1on to the present study c]ar1fies treatment effects.

Exam1nat1on of 1ngest1on patterns (see Fig. 1) suggests that if the

-
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present study had been extended for several days the 6 hour and 23~hourl

groups would 11ke1y have met the starvation criterion of food 1ntake
~less than 1 g. Trends of the control, 2 hour and 12 hour groups, |
_ however, imply that intake would 11ke1y have been ma1nta1ned at a’
fairly high 1e@@5, c0unter1nd1cat1ng self-starvation.

'-Number of days to stabilization or starvation criterion (70%
ueight) did not systematically relate to treatment'condition. It was
predicted that if 1imjtthnghee1 access suppressed runnihg, theh‘as
access to activity decreased, the number of days to stabilization or
'starvatioh‘kriteria would also decrease. Whereas results did not

support these hypotheses, the rapid progression of the 6 hour group to
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L yejght was of interest,  The 6 hour group was a]so ynique. in, its .,

re]attvely ]ow pre exper1menta1 we1ght wh1ch suggests that lower o7
PN S o o= e
baseL1neuwelght may«contr1bute to rap1d severe we1qht Joss. .
No 1ntergroup dwfferences were found for net weight loss ‘although

~distinct trends occurred among groups. Rats 1n the 6 hour, 12 hour and

23 hour groups 1ost we1ght very qu1ck]y during final experimental days

whereas the controlwand 2 hour groups slowed we1ght 1oss._'

Food 1ntake for the last f1ve exper1menta1 days was 1nverse1y

‘mvre1ated to amount of whee];access Th1s supports the pred1ct1on that i

”71ntake wou]d fncréase as qpeel access decreased. However, different
patterns of ingestion were ev1dent The control group tended to

Tncrease 1ntake over time and the 2 hour and 12 hour groups Waintained

" intake. The 6 hour and 23 hour groups’ showed intake patterns typ1ca1

of self- starv1ng an1mals - 1n1t1a1 increases and subsequent decreases.
The hypothesis concerning net number of wheel turns wis not fully
" supported. ;Decreased wheeﬂ access was generaliy associated with
decreased net activity. The 6 hour group, however, exceeded the 12
hour group's net activity. |
- Rate of wheel running did not increase as wheel access increased.
A1l grof@ips showed increases invrate over time. These increases were |
- most marked during the 1ast 2 exper1menta1 days, espec1a11y for the 6
hour, 12 hour and 23 hour conditions. Over the -final exper1menta1
days, the 6 hour group had the highest rate of wheel running, followed

by the 23 hour, 12 hour and 2 hour groups, respectively.

-~
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It i§ ﬁoted ‘that the relatively high rate of running of the 6 hour

and 23 hour groups co1nc1des with rapid we1ght loss and dec]1n1ng food
'5¢1ntake.- These features c]ear]y suggest self- starvat1on and thus 1mp1y
 that ghe effect can develop with alternate act1v1ty levels. Both a
moderate rate of runn1ng for pro]onged duration (23 hour condition) and
a high rate of running for relatively short duration (6 hour condition)
were assoc1ated with c]ass1c manifestation of self-starvation. That
‘d1fferent act1v1ty levels were shown 1n the two groups is of interest
and can be exp]alned by cons1der1ng that either h1gh r;hl.act1v1ty forf-
brlef periods or moderate rate activity for pro]onged periods exert the
same suppress1ng effect on food 1ntake. Studies by Mayer et,e]:_11954)
and Martin et al. (1979) demonstrete that depending upon.rate or.
_durat1on, activity 1eue1 can differentially influence food ingestion.
Mayér et.al. (1954) exercised femele'rats on a treadmill for °
1ncreas1ng time spans each day At moderate durations (20 to 60
A m1nutes) s1gn1f1cant decrease of 1ntake occurred For longer
durat1ons (2 hours), lntake was ma1nta1ned at pre-exper1menta1 levels.
Prolonged durations (6 hours) resulted in a linear increase of intake
and no Weight change.
‘ Sjmilarly, Katch, Martin ananartin (1979) used two levels of
eierci:;'(high vs. low) to assess its effect on food consumption in
male rats. Exercise levels uere equated for caloric eiﬁZﬁditure but
the high intensity group wes required to complete its exercise in less
" time- (50 minutes) tden the low intensity group (dO‘minutes). A
non-exercised control group was also 1n£luded Resu]ts showed that the

exercised group ate significantly less than the non-exercised one.

Ceat



Among exercised subjects, the high intensity group gatned weidht less
rapid]y. Katch et.al. conciuded that "it is not necessarily total
energy expend1ture wh1ch affects food consumpt1on. Rather, some
factors re]ated to the degree of effort (intensity) may be the key |
factor influencing food consumption following exercise." (p. ]496):

The influential variable in Katch et.al's (1979 udy was not net
caloric expenditure or duration of exercise'but a cjm::haf;on of the
. two - rate. of caloric expendlture. Nhen th]s 1s cons1dered, the L
.'"degree of effort" to wh1ch the authors refer is very likely rate of
caloric expend1ture, which was greater for the high intensity group.

Although the above studies differed from the present .one in several
}ways (eg. food availability; duration of activity; enforced activity),
they are important because they demonstrate that varying amounts of
exercise produced var1at10ns in food consumpt1on This may also
account for food intake patterns in the present study The 6 hour and
23" hour groups may have shown declining food 1ntake because of the1r
-~ intense exercise. As well, the less intense activ1ty of the 2 hour .
and 12 hour cond1t1ons may have promoted h1ghér 1ntake.

Resuﬁts from the present study have severa] implications for a
model of self-starvation. First, g1ven restricted food,
self- starvat1on can occur with 6 or 23 hours of daily wheel access.
' Second, d1fferent amounts of activity access result in varying
intensities of exercise. Six hour access resulted in a high rate of
running (humber of-whee] turns per hour), 23 hours produced a very high
net amount of running (total number of wheel turns per day), 12 hours a

moderate rate and amount of activity and 2 hours resulted in low
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, Extens1on of find1ngs from the present study to ‘anorexia nervosa and

activity. -Third, activity level may exert differentia] inf1uences on

| food 1ntake Very 1ntense runn1ng (6 and 23 hour groups) Wwas. linked .

[ 3NN [

w1th dec11n4ng 1ntake, 1ess zntense runn1ng with ma1ntenance of

1ngest1on (2 and 72 heur groups)

36

These findings may a]so have 1mp11cat10ns for anorexia nervosa and

obeSJty_)n humans. The rat1ona1e for app1y1ng the se1f starvahﬂon |

mode] to these disorders is that, 11ke se]f—starvation, anorexia

@ <~ S Ce S v p a woa w 8- . '°""°"""
- -

- ngrwosa’ ahd'obésaty'have both” beén associated’wfth devfat1ons in féod * "

intake and/or act1v1ty level. Decreased eat1ng/aod hyperact1v1ty have

been suggested as contribut1ng factors in anorex1a nervosa (e g. Sm1th

-

1980 Kron et.al. 1978) 4 Lack of exercise has been cited as av
precipitating factor 1n obesxty (e g. Bloom and Eidex, T967 Thompson
et.al. 1982). Thus, aberrant patterns of food intake and activity 1eve1

-~

are common to‘anorexia nervosa and obesity im humans. and to

. self-starvation in rats.-'Tﬁese commonalities fmp]y that-%indihos from

the present study may be usefully applled to human we1ght disorders.

»
[}

obes1ty is d1scussed below.

a

; 2 e S
M .

Implications and Extension to Human weight Disorders

Like self- starvation, a primary feature of anorexia nervosa is the
subject S decreased food intake. This decrease is of such severity
that debilitating. weight~1oss, and&often death, ensues. Hyperact1v1ty
as an exacerbating variab]e in anorexia nervosa has not been
systematical]y researched, although it has been noted in clinical .
studies. That is, very high acttuity levels in conjunction with

reduced food intake and seuere weight 1oss have been reported.
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. For example, Smith (1980) noted the 1ncrea51ng~1nc1dence of severe; o
,»detrimenta] weight 1oss among‘young ma]e athietes, in.a. manner.f, o
ana]ogoUs to anorexia nervosa He attributed the weight loss to 3
-f,proionged voiuntary reduction of food 1ntake whi]e adhering to a -
‘rigorous phy51ca1 training program
An 1nvestigation of hyperactiv1ty and anorexia nervosa.was :

undertaken by Kron et al. ]980) HyperactiVity was operationaiiy

o e -

defﬁned‘as an eXerc1Se 1eve1 greater ‘thah that“of peers and inciudﬁng~; -
strenuous activity (e g swimming, jogging) Activity levels were

*\reviewed for 33 women hospitalized for anorex1a nervosa. Of the 33

‘ women 21 were premorbidiy ﬁyperactive and 25 of these‘WQmen were also’

hyperactive when hospitalized In a foilow:up study of 15 of the y

Krfon et a] (1978) conciuded,that
’"hyperact1v1ty is an eariy and enduring feature of anorexia ‘ E
nervosa . (p 439) Ve |

- Ev1dence thus suggests that hyperactivity and reduced food~intake
are central features of anorexia nervosa and the self- starvation
,efﬁect . A striking contrast to these disorders. is obe51ty, which has
-typicai]y been associated with inactiv1ty (e. g« Bloom and Eidex, 1967
Thompson et. al., 1982) For examp]e, activ1ty levels in obese and lean -
humans were studied by Bloom and Eidex (]967) They reported that

obese subjects were significantiy less active than lean subjects as
measured by dai]y indices such as time spent on their-ijft and time per |
day spent in bed. ' o ‘ N
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A study by Mav1ssaka11an (1982) prov1des an. 1nterest1ng 11nk e

between anorex1a nervosa and obes1ty “He’ found that preventing
- exercise . for 1 hour after meals faci]itated welght ga1n 1n two féma]e

patients hosp1ta11zed w1th anorex1a nervosa Continuat1on of th1s

therapy program after re]ease from hosp1ta1 resulted in both women b

becomlng obese. Accord1ng to the se]f starvat1on mode] postmeaT

prévention of exerc1se fac111tated we1ght ga1n because the suppress1on

of food intake by activity was d1srupted

T Constderatlon of findings: from- the present study for the "o .-

o

development and treatment of anorexia nervosa explicates the need to
mon1tor intensity of exercise in anorexic patients; hyperactivity
associated with the- d1sorder.may be. attr1buted spec1f1ca11y t0\1ntense

exerc1se (i.e. of high rate and/or pro]onged durat1on) Treatment of

“andrexia nervosa through . behavior mod1fication techniques. could

1ncorporate a contingency between food consumpt1on and act1v1ty wherein

the act1v1ty was controlled for 1ntensity (rate and durat1on) A

similar approach would also be useful as a post-treatment means to help

'ensure‘weight‘gain is maintained.

Treatment of obesity may be advanced by 1mp]ementing exercise'
programs requiring a high rate of energy expenditure over moderate time

spans or lower rate exercise for prolonged durations. The benefits of

this may be twofold - increased metabolic requtrements and, according

~ to findings from the present study, declining food intake. Both

effetts. of course,-wou]d»theOretically promote Weight‘1oss.

P
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F1nd1ngs from the present study are 1mportant 1n demonstratlng that
~,du_e to changes 1n rate of runn1ng, 11m1t1ng whee] access does not have N

:a dlrect effect of 11m1t1ng activxty 1n ratS~on restr1cted food‘~ EREITE
[}
Qt“ Furthermore, rate of wheel runn*ng is an 1nf1uent1al var1ab1e in the

self -starvation effect. That is, a very h1gh rate of runn1ng, as shown

by rats allowed 6 hours of wheel access per day, appears to exert the.
same suppressxng effect on food intake as a moderate rate of Sﬁdﬁ?ng
for pro]onged duration (23 hour condjt1gn). Because of possible ,.
confound1ng effects of 1nadequate'dai1y food oresentation and$an'.
1nappropr1atevstarvat10n cn1ter1on, however:, a cr]tical precedent for .
future research is rep]1cat1on of the present study but w1th |

-

) mod1f1cations to clar'ify treatment effects for no 2 hour or 12 hours
, of nheel access. -Such mod1f1cat1ons shou]d 1nc1ude extens1on of daily
food access (e g. to 90 m1nutes) as well as a starvat1on criterion
based on da1]y food intake.

With regard to the latter modification, it is suggested that
Routtenberg and'Kuznesof'sl(1967) criterion of 1 g of food on any day
‘may be too stringent and could present ethfca] prob]ems. Use of a
higher criterion (e.g. 5 g per day), however, wou]d likely circumvent
this potential complication and still be effectlve in 1nd1cat1ng
declining food intake. If daily food 1ntake is employed as a

. starvat1on criterion, it may also be useful ‘to imp]ement an equivalent
definition for we1ght stab111zat10n. An example is stabilization
defined as food-intake on Day 4 of any 4 day'period{sgual to or

exceeding that on Day 1. Use of such a criterion would provide



.

food 1ntake wh1ch counterﬁndlcate self-starvatlon.

o s e o e
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methodoT0g1Ca1 coﬁs1stency and q]so a]]ow senswtlvity to 1ncreases in-

P TR T P

A
-~ .

Experimenta] man1pu1at10n of rate of wheel running in future- u'f.'”"

_research will likely provide a pract1ca1 methodrfor investigating the

ro]e of intensity. of exercise in.self- starvation in rats. It is

feas1b1e that such’ research will also provide the impetus and direction
for 1nvestigat1ng 1ntens1ty of exercise and human weight d1sorders,

specifically anorex1a nervosa and obes1ty

¢
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‘TableA
Fr:equencies of Stabilizing vs. Starving S\ubjgcts
K - = .- : ek : "' R
Criterion L ' Starvation ' ¥ Stabilization
. . Observx§d N | . Expected ‘Y Observed  Expected’
. ~ . Frequeney- Frequency - Frequency ° Frgquency
Group - T . kN
Control  * 2 2.6 2 1.4 %
2HR C -2 2.6 2. 1.4
L 3 2.6 1 1.4
12HR 3 ., 2.6 1 T4
. 23HR L3 L s 1 1.4
' Total U & I 7 |
j
n=4 \
df =4 o !
'Obtained Chi Square = 1.747 . |

~ P{Chi Square 21,747) >.0.70
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ADJUSTED MEANS FOR WEIGHT (grams)

: Table A ‘ :
Kjerstad Data, Non-runners Exc]udéd

Group . Control 2HR © BHR R 23HR
Time 1 1220.62 - 217.07 518.16 213,89
. 2 213.12 .206.32 210.41 203.56
3 204.62 - . . 198.32 . 202,66 195.89.
4 196.62 189.82 ' 193.91 184.89
5 - - 194.12 .184.82 , 181.41 17155
Table B

‘Last 5 Days Data

Group. Contiol - 2R 6HR . 12HR . 23R
Time 1 203.08 198.62  213.83 . 193.44  210.54
2 199.32 - 196.62 = 208.83  191.44  208.34
3 198.32 193.37  201.33  188.44 200.29
4 196.58 190.37  193.58  183.19  192.54
5 196.58 186.87  182.83 . 177.19  184.04
Table C

Last 5 Days Data, Non-runners_Exc]uded

Group " Control 2R 6HR 12HR - 23WR

Time 1 - 202.02 196.38 © 209.64. 193.98 | 209.37
2 198.27 194.33  204.64  191.98  207.37
3 197.27 191.09  -197.14  187.3] 196.37..
4 195.52 - 188.09 . 189.39  180.98 ' 186.59 .
5

195.52 184.57 - 178.64  172.31  174.03




ADJUSTED MEANS FOR FOOD INTAKE (grams)

4 Table D. .
Kjerstad Data, Non-runners Excluded

51-

y

Group Control 2HR 6HR 12HR 23HR
Time 1 9.37 8.78 7.76 7.99 6.29
2 9.47 - 9.86 . 9.08,  9.12  7.89
3 9.89 8.9 10.54 - 8.92 9.26
4 10.97 - 9.88 9.36 8.96 6.53
5 10.59 9.76 7.14 8.96 4.83
~ 5
R )
v Tab}.e E
'f‘ﬁf lLast 5 Days Dat.a
Group ° Control 2R e 120R 23R
Time 1 10.57 11.74 9.53  9.68 8.88
2 11.07 . 9.86 10.47 9.38 6.93
3 10.62 - 10.78 10.18 8.98 7.23
4 11.42 . 10.41 9.73 9.58 7.81
5 10,67 19.94, 7.65 8.85 5.86
<:ab1e F
Last 5 Days Dath, Non-runners Excluded
Group Control 2R 6HR, - 12HR 23R
Time 1 10.47 11.49 9.06 8.88 9.30 -
2 10.97 9.61 - 10.01 8.88 6:53
3 10.52 10.54  10.54 - 8.88 - 6.67
4 11.32 10,16 10.16  9.11 6.70
5 10.57 9.69  9.69 8.94

4.80
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-

ADJUSTED MEANS FOR RATE OF WHEEL RUNNING (turns/hour)

Table G :
gjergtad Data, Non-runners Excluded

>

Group 2HR J6HR T 12HR 23HR
Time 1 54.24 -2.93 25.59 '57.23
2 63.99  -2.68 _ 42.59 2.3
3 103.49  17.57 71.59 ./ 84.32
4 101.74 210.32 144,59 .~ 191.32
5 177.49  562.82  369.93 350.65
~ Table H -
Last 5 Days Data
Group \ . 2R SR 1R 23R
Time 1 31.22 -8.06  26.64 80.71
2 47.22 5.94 54.39 117.46
3 84.7; ©27.94  120.39 254.46 '
4 109.97 . 231.44 188.64 272.46
5 173.72 555.44  272.89 376.45.
- . Tablel:
Last 5 Days Data, Non-runners Excluded
n U e . ) b
Group - 2HR . BHR T2HR <7 23HR.
Time g 40.09  8.39 47.93 ° 60.76
56.09 . 22.39  84.59  109.42
3 | . 93.59 44,39  °172.93 292.42
4 ‘ » 11884 " 247.89  263.59 - 316.42
5 _— .

182.59 . . 571.89 376.26 454.75
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ANOCOVARS OF WEIGHT

Table A
Kjerstad Data

54

) Sum 3f _ Degrees of Mean .
- Sougge Suares - Freedom Square F Prob.
Group ©1935.905 . 4 1483.976 1.81 © .182
~ 1-st Covar 23383.865 .- 1 23383.855 87.59. .000

Error 3737 394" 14 266.956

~»%" o

M(1) 15207 680:_gb “”f~ﬂgv 15207.680 . .

M(1)G 269.320 - 4 67.330

Error. - 2635.200 < L1 . 175.680

* " . 2. AN

M(2) A .357 1 b 357

M(2)G 149,285 : 4 37.324

Error 662.214 I 44.147

M(3) 37.845 1 37.845 . 3.54 079

M(3)6 153.030 . 4 38:25F7  3.58  .030°

Efror " 160.425 - 15 10.695 '

, Tab]e B -
Kjerstad Data,. Non-runners Exc]uded
Sum of Degrees of - 'Mean

Source | Squares Freedon =~ Square F Prob.

Group’ 1405.908 4 351.477 1.7 .37

1-st Covar 13449.100 1 13449.100 44 .84 .000

Error 3599.182 12 299.931
- M(1) | 15317.696 1 15317.696  95.50  .000

M(1)6 - 550.233 4 139.808 .87 .506

Error -2085.166 13 160.397

M(2) 42.403 ] “4'2.403 1.65  .221

M(2)G 294.841 4 - 73.710 2.86 .066

Error 334.952 13 - 25.765

M(3) 53.382 IR '53.382  6.13 .027

M(3)6 198.377 # 49.594 5.69  .007

Error 113.250 1 N 8.7
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- Table C
Last 5 Days Data

. Sum.of Degrees of Mean :
: Source Squares Freedom Square F Prab.
Group 1624.544 4 406.136  0.80  .549
1-st Covar 8200.164 1 < 8200.164 16.11 .001
Error® 6107.118 12 " 508.926 |
T M(1) 5085.706 1 5085.706 30.84 . .000
M(1)G 1444 .086 4 361.021 2.19 127
Error 2143 .958 13 164.919 '
M(2) 92.146 1 92.146 7.61 .06
M(2)6 115.156 4 28.789 2.38 .105
Error 157.446 13 2.1 r
M(3) 2.200 1 2.200 .66 .429
M(3)G 10.136 4 2.534 77 .566
- Error 43.041 13 3.310 :
Table D
Last .5 Days Data,.Non-runners Excluded
Sum of Degrees of %@l Mean : N
Source Squares Freedom "' Square F Prob.:
Group . 2544 .562 4 636.140 1.25 .336
1-st Covar 18654.775 1 18654.775 36.53 .000
Error 7149.574 14 510.683
M) 4324.500 1 4324 .500 21.89 .000
M(1)6 1084.400 4 271,100 1.37 .290
Error 2963.900 15 © 197,593
M(2) 53.175 1 . 53.157 3.54  .079
M(2)E 76.128 4 19.032  © 1.27  .325
Error 225.000 15 15.000
M(3) 2.000 1 2.000 69 .418
M(3)G 10.850 4 2.712 +94 .468
Error 43.350 15 2.890 h
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&

ANOCOVARS OF FOOD INTAKE

Table E
Kjerstad Data

A

s Sum of " Degrees of Mean )
Source * Squares. . Freedom ,. Square F Prob.
 Group -8765.109 4 2191.277 2.56  .084 .
1-st Covar 15457.083 1 15457.083 18.08 .000

Error ' 11966.966 14 . 854.783 '
M(1) : 330.245 1 330.245 .98  .338
M(1)G . 759.230 - .4 189.807 .56 .694
Error 5073.825 15 '338.255 .
M(2) 3202.889 L 3202.889 14.28 .001 .
M(2)e 2255.235 4 - 563.808 2.51 .085
Error - ° 3364.517 - 15 224.301 -
_ ¢
M(3) . 2.205 1 : 2,205 .02 .889
M(3)G 348.320 ’ 4 87.080 ° .78 .552
Error 1664.175 ‘ 15 110.945
" Table F *

~ Kjerstad Data, Non-runners Excluded

Sum of Degrees of Mean
Source Squares Freedom Square F Prob.
Group 89.518 4 22.379 2.70  .081
1-st Covar 85.584 1 85.584 10.33 - .007
Error ' 99.386 . 12 8.382 : )
M(1) .412 R 412 15 .708
M(1)6 13.837° | 3.459 1.22 .348
£y ror : 36.751 13 2.827 ‘
M(2) - 27.216 - 1 27.216> 13.88  .002
M(2)6 27.007 4 6.751 3.44 .039
Error 25.482 13 ~ 1.960
M(3). .020 1 .020 .02 .900
M(3)6 3.142 4 . .785 .62 .657
Error . 16.519 13 - 1.270 .

O



b ‘ s
Table G L “g,
Last 5 Days Data LS s
Sum of Degrees of Mean
Source - Squares ' Freedom Square - F Prob.
Group 14¥72.212 . 4 3543.053 3.10  .050
1-st Covar 21976.008 1 21976.008  19.24  .060
Error 15994691 14 . 1142.477 SR
M(1) 1485.125 o ' 1485.125~  3.48  .081
M(1)G 864.400 4 216.100 .51 .731
Error 6397.175 15 . 426.478 -
M(2) a3 . 1 174.432 122 286
M(2)e - 1035.585 4 ~ 258.896 1.81 2 .179
Error 2143.339 “15° 143.889 '
M(3) 780.125 - 1  780.1g5 6.68  .020
M(3)6 548,350 4 137.087 1.7 .361
Error 1751.825 | 15 © 116.788
. Table H
Last 5 Days Data, Non-runners Excluded
- _ . , :
©Teel L Sum of Degrees of . Mean
Source SqdareSN.u“_u,u Freedom #;SQUare F Prob.
Group 160.074 - 4 40.018-  3.40  .044
1-st Covar 94.030 . ] 94.030 7.99  .015
Error 141.199° 12 11.766
M(1) 16.885 1 ' 16.885 4.99  .083
M(1)6 19.548 4 4.887 1.45 274
Error 43.951 -*‘éi? ©3.380 |
M(2) .896 .89 . 0.59  .457
M(2)6 11.273 4 2.818 1.85  .180
Error 19.849 13 1:526,
M(3) " 5,856 1 5.856 4.5  .052
M(3)6 5.212 4 1.303 - .1.01  .435
Error 16.697 A ) 13 I '

t.288
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ANOCOVARS :OF RATE OF WHEEL ‘RUNNING

Table I

Kjerstad Data

58

M(3)

o—

Sum of Degrees of | Mean
Source Squares Freedom Square - F - Prob.
Group | 82259.600 3 27419.866 1.10 .388
1-st Covar 120950.007 1 120950.007 4.87 .049
Error 273209.042 1] 24837.268
M) - . 925376.400 1 925376.400 24.69 .000
M(1)6 239753.150 3 79917.716 2.13 .149
Error 449723.850 12 37476.987 _
M(2) 195762.875 1 195762.875  20.65  .000
M(2)G 92912,803 / 3 31304.267 3.30 .057
Error 113751.035 12 \9479;292- -
5394.006 1 5394.006 - 2.43. 144
M(3)G 9325.068 3 3108.356 1.40 =290,
- Error . 26612.025 12 2217.668 ‘
Table J
Kjerstad Data, Non-runners Excluded
o Sum-of . - Degrees of. Mean o
Source Squares “ﬁg; ~ Freedom Square F Prob.
Group ~37108.479 3 12339.493  0.63  .613.
1-st Covar 131570.770 1 131570.770 ©  6.72 .029
Error 176154.912 9 - 19572.768 5 ‘
M(1) - 842464.07% 1 842464.072  20.33  .001
M(1)G 2269%: ,2@% 3 .. 75651.421 " 1.94 .187 - -
Error 389893.30 10 38989.330
Ga ] T~
M(2) 203264.5§1 1 +  203264.551  20.33 +.001
M(2)6 89581.238 ' - 29860.412 -
Error 999;70148 10° - 9997.714
M(3) 11304859 CYe 11308859 8.07 017
M(3)G . 3358.562 3 - 1119.517 .80  .522
Error - 14003.483 - 10 1400.348 o PO
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f . . Table.K G
) o Last ‘5 ‘Days. Data- LT
: S - Sum of '.De_greéls of Mean: A
‘Source Squares’ Freedom - Square F Prab. -
Growp . -164854.795 3 54951.598', 1.43 286
1-st Covar ' 189573.927 ] 189573.927 . - 4.93 048" L
Error - 42271T.572 - +, 11" = 38428 70 T
My T 944640.225 : 9 944640.225  28.33 " 000
M(1)6 215465.425 3 .71821.808 . 2.15 .147
Error 401527 550 12 . 33460.629 . -
M(2) | 73660.017 1 73660017 9.28  .010 |
M(2)6 115727 303- 3 . 38575.767 4.86 . .019
“Error - 95245 ,535 12 7937.127. . :
M(3) o, 864.900 R 864 .900 . 025 .626
M(3)6 . "% 4592450 . = 3 1530.816° .43 728
Error. * 41682 M50 0z 3473837 . .
' - Table L f; .
Last 5 Days Dath Non-runners Exc1uded
e Sum of *° Degrees of Méan. . . B
Source : Squares Freedom ‘Square - F Prob.
Grow. 194031, 750ﬁ?~?’ L3 © 64677,253  2.49 126
©. 1-st Covar . 73482.102 . R --73482,102° . 2.83 oaA27
_Error - ' 234021 364 . - .- *4:9 - 26002 373; ' s .
M) 1068631.929*;;; o 1068631 929 38.85 ' .000 -
M(1)6 . 207170.451. .y . 3 69056.817 . 2,51  .118
Error 275049 441 0% 0 '_247504_9&‘4 | ,
M(2) - ' 68716.14F RN 68716.143 . 7.32  .022°
- M(2)6 10649T 928 - fe 3 35497 316 -3.78 .047 "
Error 93916.220 10 9301622 o T
“M(3) - 546,288 Ty 546,288 . .13 .728
M(3)6 ¢, . 4589.554" 3 :1529.851° - .37 . .777 -
- Ereor :o 00 ;41576;?,66 - 10: . .4157.676 = . sl
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\
ANALYSES OF VARIANCE - KJERSTAD DATA, ALL ANIMALS INCLUDED
Anova of Body Weight

.Sum of .‘ Degrees of .~ Mean F . :
" Source Squares - Freedom Squares Ratio "Prob.
A 15870 - 4% 3560.938 2.191 .- .9
waithin : 27L]6.OOQY 15 1807:733 ‘ o R
B  15252.000 4 3813.000 ' -65.384 . .001
AB o 576.750 - 16 . - 36.047 .- - .618 .857
BS-Within ~3499.000 60 58.317 : .

ApoVa of Food
. Sum 6f“d ~ Degrees of Mean F :
Source \ Squares . Freedom Squares -Ratio Prob.
A 86.190 . 4 " 21.548 1.173
Sijthin -275.531 15 18.369 . . ‘ : )
B 134,690 4 - 8.673 - 47596 . .003. .
AB T 42.067 16- 20629 1.393 - 176 -
BS-Within ‘113.230 60 1.887 k ;
. . U
T Anova of Wheel Running:

. ~Sum of Degrees of Mean Fr : .
~Source Squares ~Freedom- . Squares - Ratio Prob.
A 68048256.000 3 22682752.000 - 3,142  .065

S-Within.  86638969.000 12 7219913.000 .. =
B "+ 143063040.000 © 4 35765760.000  15.283 .00
‘AB 5169728.000 12 . -7097477.000 .3.033°  * .003
. BS-Within. 112334368.000 48 . 7 2340299.000 .
o L St
L
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'ANALYSES OF; VARIANCE - KJERSTAD DATA NON-RUNNERS EXCLUDED j
Anova of Bodyt Weight L
.  Sum of . Degrees of Mean ( F . o
. Source ~Square§ _ Freedom Squares Ratio Prob.
A .. 6862.28) 4 1715.570 1.309  .318
S-Within - - -17044.000 13 1311.077 o
B 15421.770 4 3855.442  77.979 © * .00]
AB . : 1106.030 16 7 - 69.127 ©1.398 .- .180
BS-Within 2571.00 52 - 49,442 ’
Anbvévpf Food
, Sum of Degrees of ~ Mean ~Fo
JSource Squares *  Freedom Squares-‘ ~ Ratio Prob.
A 112,297 4 28.074 1.953  .161
S=Within x .]86.885 13 ]4;373’ L o '
B 26.578 © 4 6.685 - 3.883 . .008
AB L 53.112 16 ' 3.357 .. 1.962  .035
BS-Within 88.997 52 .. :-Lﬁfpf B '
Anova of Hheéi'Running
.. Sum of Degrees of  Mean F . '
Source . Squares ;Engedom 'Squares Ratio Prob..
A 109287200.000 3 36429056.000  13.291 . .001
S-thhfh ‘ 27409808 .000  "'}JQIQ_Q;~j“2740980q000 N
B . 191842016.000 = -4 47969496.000 . 40.687  .001 .
AB . 134177376.000 12 11181448.000 <;' 9.486 - .001 -
BS-withfh  47151216.000 40 - 1178780.000 4,
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~ ANALYSES OF VARIANCE - LAST 5 DAYS DATA, ALL ANIMALS INCLUDED

Anovq of Body Weight

—

—“Sum of

F

A

BSWithin

48 2258906.000

- Degrees of Mean
Source . Squares Freedom " Squares = Ratio Prob.
A 11725.006 .4 | 2931.250 1.704: .201
S-Within 25799.000- 15 1719.933
B 4380.000 & 4 1095.000 20.178 .001
AB 1179.000 16 ‘ 73688 1.358 .194
BS-Within 3256.000 60 . 54,267 |
| 'l‘l
Anova of Food
Sum of Degrees of = Mean- Frowe o ‘
Source Squares Freedom Squares Ratio Prob.
e ‘v yd .
A - 130.254 4 © 32.563 1,286 .319
S-Within 379.684 15 25.312 “
: , ~
B 24.884 - 4. 6.221 -3.239 .018
AB 28.118 . 16 1.757 .915 .557
BS-Within '115.246 60 1.9
Anova of Wheel Running
: Sum of Degrees of Mean Fo S
Source \~ Squares Freedom Squares - Ratio Preb., -
147218880.000 3 49072960.000 = 3.860  .038
S-Within 162557312.000 12 12713109.000 ) ‘
B 3115230144.000 4 28807536.000 12.753 _+001
AB . 63629184.000 12+ °5302432.000 . 2.347 .018
108427520.000 - - .

T

— ‘
* _ k/

L
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ANALYSES OF VARIANCE - LAST 5 DAYS -DATA, -NON-RUNNERS EXCLUDED

Anova of

Body Weight

N ,

Sum of

Foo

- 59524096 .000

)

1488102.00Qy,

Degrees of Mean
Source Squares Freedom , Squares Ratio Prob.
A 3912.134 4 - 978.033 .889 .498 .
S-Within 14302.000 - 13 *1100.154 ' -
B 5183.160 4  1295.790 28.588 .001
AB 1542.574 n. 3 96.411 2.127 .021
BS-Within 2357.000 52 45.327

'~ Anova of Food
- Sum of Degrees of - Mean F .

- Source Squaﬁgs Freedom Squares . Ratio Qrob.
A’ 163.363 4 45.841 . 2.834 .09
S-Within 235.215 13 - 18.093
B 23.705 4 5.926 °  3.369 016 fﬁﬁh

- AB : 40.380 16 - 2.524 1.435 .163
BS-Within- 91.480 52 - 1.759 . ‘

’ Ahqyglof Nhee1 Ruﬁﬁing
. ' Sum of Degrees of . Mean F ,

Source ' Squares - Freedpﬁ“'_ _ Squares»_ Ratio . Prob.
A 239901168.000 ot '.79967055;060' 23.505 ) .001
S-Nitain 34Q20608.000 10 3402060;000, , ' _

B - 152939408.000 4. 38234848.000  25.694 .00
AB 98175120.000 - 12 8181260.000 5.498 . 001 -
BS-Within . 40 .
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'NONADJUSTED MEANS FOR WEIGHT (grams)

Table A

Kjerstad Data

\

Group  Control  ZHR  GHR 12HR 23HR
. \ ‘ :

Time 1 227.00 -  216.00  205.50 213.25 244,25
2 219.50 205.25  197.75  _ 202.25 230.00

3 -211.00 197.25. 190.00 -~ 194.75 226.00

4  203.00  188.75 181.25 186.25 217.00

5  200.50 - 183.75 168.75  175.75 193}5§

&
" Table B
Kjerstad Data,'Non-runners Excluded
& o .

Group Control 2HR 6HR  12HR 23HR
Time.l  227.00 . 216.00  205.50 = - 217.33 233.33
2 219.50  205.25  197.75 207.00 219.00

3 211.00 - 197.25  190.00 199.33 216.00

4 203.00  188.75 181.25 = 188.33 205.00

5 200.50 . 183.75 168.75 .
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- -
Lo 3 .
_NONADJUSTED MEANS FOR WEIGHT (grams) \ |
. Table ¢
Last 5 Days Data

Group Control MR 6HR 12HR © 23HR
Time 1 207.00 195.50 199.75 . 192.50 224,75

2 203.25 19350 -~ 194.75 190. 50 222.75

3 202.25  190.25  ‘187.25 . 187.50 214.50

4 200.50  187.25 179.50  182.25 206,75

5 . 200.50 183.75 168.75  176.25 198.25

A P
' A
Table D
Last 5 Days Data, Non-Yunners Excluded

Group- - Contro! 2R ] GHR 12HR . 23HR .
‘Time 1 ° 207.00 . 195.50  199.75  196.66 214.33

2 .203.25  193.50 194,75 194.66  212.33

3 202.25  190.25 - 187.25 , 130.0C 201.33

4 - 200.50  187.25 179.50 183.66 . 191.66

5

200.50 183.75 168.75 175.00 179.00 -
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NONADOUSTED MEANS FOR FOOD INTAKE (grams)

Table E
Kjerstad Data

Group  Control 2HR 6HR . 12MR | 23HR
Time 1 9.87 8.70 6.75 8.07 757 %
2 9.97 9.77 8.07 10.00 9.17
3 10.40 - 8.82 9.52 9.70 10.47
4 11.47 9.80  8.35 9.87 . 8.57
5  11.10 9.67. - 6.12  9.35. 7.40
Table F
Kjerstad Data, Non-runners Excluded

2 J . N
= - ]
Group Control 2R GHR . 12HR 23HR
Time 1°° 9.87 ~ 8.70 6.75 ' 8.26 6.80
2 < 9.97 9.7 .. 8.07 < 9.40 - 8.40.
3 10.40 8.82 ~  98.52.  .9.20 9.76 -
4 11.47  ©  9.80 8.35 . 9.23 7.03
5 11.10 9.67 6.12 9.23 5.33
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J
NONADJUSTED MEANS FOR FOOD INTAKE (grams)
- Tabtle G
Last 5 Days Data
Group Control . 2HR 6HR  © 12HR . 23R
Time 1 11.00 1.4~ 800 - . 9.57 10,42 -
2 11.50 .  9.52 8.95  3.27 8.47
-3 11.05 10.4 8.65 . . 8.87° 8:.77
4 11.85 | 10.07 8.20 9.47 9.35
5 11.1Q ‘ 9.60 6.12. - 8.75 7.40
= ':w;
+ L
i . TJable H
R Last 5 Days Data, Nvonv-runn'e‘rs Excluded
Group-  Control ~  2HR .  6HR 12HR 23HR
Time 1 11.00 " 11.40° 8.00_ 9.16. 9.83
2 11.50 - 9.52 » 8.95 - 9.16 7.06
3 -11.05 ~10.45 : 8.65 - 9.06 - 7.20
4 11.85. *10.07 8.20 9.40 . 7.23
5 11.10 9,60_ 6.12 © 9,23 .:5.33»



- ) . 70 °
NONADJUSTED MEANS FOR RATE OF WHEEL RUNNING (turns/hour)
~ Table T
' Kjerstad Data .
<
Group ST Y 2HR - CBHR 12HR 23HR
. e ,
Time 1 59.50. . 32.75 14,50 10.75
' 2 ©69.25 33.00 27.50 21.50 -
3 _ 108.75 53.25 " 49.75 49.75
4 107.00. 246.00 103.75  210.00
5 182.75 598.50 273.00 - 326.50.
T Table J ‘
Kjerstad Data, Non-runners Excluded v
i )

‘Group 2HR 6HR 12HR ., 23HR
Time 1 0 59.50 7 " 32.75 T 19.00 9.33
.2 ' 69.25 33.00 36.00 14.33

3. .- 108.7§ ...53.25 '65.00 36.33
4 107.00 : " 246.00 138.00 143.33
5 . 182.75  598.50 363.33 '302.66
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NONADJUSTED MEAUS FOR RATE GF WHEEL RUNNING (turns/hour)
;’ L s //‘R\ —3
A . :
p. Table K
Last 5 Days Data
droup | 2R 6HR I2HR . 23R
Time 1 3825 3820  26.50 | 30.75
2 . 54.25 - 49.00 54.25 - = 67.50
3 - 91.75 7 71.00 = 120.25 ~* '204.50
4 , "117.00 ' 274.50 188.50 . 222.50
5 180.75 ';_v598 50 272.75 326.50.
7 7
Tab]e L
Last 5 Days Data, Non-runners Excluded
s om
Group : éup . BHR  12HR 23R
. i . V — - - ) - l

Time 1 38,25 35.00, 7 35.00  40.66

2 \ 54.25 49.00°  71.66 89

3 91.75 71:00 160.00 - 272.
4 117.00 274.50  '250.66° .  296.33

5

180.75  598.50 -~ 363.33 434,66




