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Jean Caplan . 2

CARDIAC FITNESS SIGNS AFTER

. STRESS—-FREE RUNNING WHEEL ; : \

EXERCISE (IN RATS

Rats were trained én a fo rewarded running program rather
than the usually implemented type where gunishment is used to
motivate ru;ning. Trained rats'we;e §izst assessed for
cardiovascular fitness as a result of this type of training, and
then, their responses to the psycholoéical stress of an.open-
field test was EOmpared wlth those of non-exerciseq-conérol
groups.Renners were givéﬁ'peanut butter reward fot ine:easiﬁg
their day-to—day running wheel exercise during the- 10 week
program. From the middle to tﬁehend of the progfam, heart rate
was monitored weekly. At the ‘end o; the program Runners and the
., , two control groups were tested'for emergence laterfcy, sq?eres/

_crossed, urination and defecatan in an open-field. Heart rate
(EKC) requnse increased equably for all groups after the stress
*of handllng durlng the. EKG procedure or because of food or food
[ expectancy during the,runnlng period. Runners tecovered faster
than otﬁer~groups from this stress.” Runners decreased £mergence
. ~ .

time in the open-field over. sessions while other groups did not.

The psychological stress due to handling, reward expecﬂancy or

[

\ reward, was unexpected. * Chronic exposure to the stress of
//ézerc1se reduced the response to psycholog1ca1 stress elther by

making Runners less sensitive in their peak heart rate tesponse

<
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to this stress, or by making them capable. of more t;pid heart
rate recovery. Runners habituated more quicklyI to the s-t:geas pf -
tl_ze open-:field. as reilectedq by emergence times. VQ‘ty rapid
emérgence times suggest that a' more stres;ing' open-field
-condition, should beé used in_"fu'tu‘re studieas. Data from the
"present study suggest that if reliable fitne"sfs could be
established: with refinement of this paradigm it might be a better

analogue of human fitness effects than other available analogues

" due to its absence of punishment used to motivate animals to run.
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This }nvegtigétion examines the concept of stress as well

as ways an organism has of coping with different stressors. The,

.specific questipn addressed in the study described below 1is
‘whetheé exposure to a physical stresgor,'ru;ningr changes an
‘animal's response to a psycﬁqlogical stressor, exposure §o\aﬁ
open—fiéld. Thete“aré’many problems in the literature related to
d;finitions of stress and stress responses, as well as the
arbitraryﬂdistindtion fregquently made between physxéal and
"emo'tio‘nal s;:résgorg and stress responses. The notions of
tolerance and cross—tqglerance, borfoﬁed.from pharmacology, qﬁfgr
~potential models for understanding the mechanisms by which an
organism develops resistance'to stress. Chronic exposure to a
stregsor such as exercise can producgmeither a tolerancg'to that
par;icular stress&r, or, it may produce‘a c;osé—tolerahce to

other streséo;s. This developed tolerance or cross—tolerance
- would help minimize the ensuing wear dnd tear-ﬁn the body. This
sect}oﬁ atfz;gés to clarify the confusion in the litg;ature
related to the concept of stress'%nd stress respoﬁses ana

describes how the various bodily systems function todetper to

help the organism better tolerate stress. ©
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SECTION I DEFINITIONS OF STRESS

.~

M ’

o Semantic .Confusion

~ (\ .
‘'There is often semantic confusion in discussions of stress

since some investigators treat stress as an environmental
. / .
stimulus and others treat it’as the organism's response to that

stimulus. Dictionaries provide technical and non-technical

examples of each type of definition: \ »

In technical definitions, "a clear distinction is maae .

between the terms "stress” ana “strain". 1In Webster's Unabridged

.Collegiate Dictionary "stress"” is defined as the force exertea
% . .

upon a body while "strain" is defined as the body%“s response to

that force.

5

When non-technical definitions are used, confusion arises

because‘the twb termé, stress and strain, are used
in£erchangeaply. Stress is in some cases treated asﬁthé force
‘being exerted while it is in other Eases treated as the fesponse
to' such a force. Webster proyides both types of définitions and

doubly confuses the issue by including each of these terms within

’

one given definition. For example, "a condition existing within

e;astic material because of strain o:“defofmation by external
forces”. Ranéom House Dicéionafy separates its def}nltlons into
two categoiies, "mechanical"™ and "pnysiological", but again
"stfess“ ana "strain" are used interchangeably. Selye (1976)
states hié‘linguistic'inability to.distinéuish between the term

*stress"” -and "strain" as having been the historic source’ of the

.
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confusion. ‘ ' . \ \
N . | B

Ways To Minimize The Confusion -

.
-

To ellmlnate confu31 n in the present study, "stress" will

be used to de&crlbe the fotce or condition exertec on the body,

while "stress response" will be.used to describe. the body's

reaction to such stresses. ' Furthermore, each of these terms will
‘be operationally specified when they are used. Thus in a
particular section runn}ng wheel exercise, for examble, may be
speqified as the "stress"™ and increased heart raFe, for,exaﬁpie,

,may be defined as the "stress response"”,

SECTION 1II NOT{ONS OF CROSS~-TOLERANCE AND‘CROSS—REé;STANCE
To&eragée and ctoqs-toierance are terms borrowed from,
pharmaébiogy. Drug tolerance -has been defined as éheﬂpioqess by
which drug sensitiv1t§ ;é reduced as ;'fqnction of drug
experience, Cross-tolerance is defined as a dec:eased
sen51t1v1ty to’gne drug- which results from experlence w1th
anopher‘drug. When two drugs show cross—tolerance, it is

presuﬁeq that the two Arugs have actions on a common mechanism.

Sensitivity to stress, like sensitivity to drugs, decreases

as a function of some Kinds of experience. For example Selye

(1976), has noted that adrenocortical activity ri;es sharply
during the beginning of a stressful event, then tapers off to a
level slightly above normal, if the stressful evgnt continue%.
This tapering off of adrenocortical activityloccurs quring

Selye's "resdistance”™ phase, and tnerefore 1s not due to

v

-
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*exhaustion or an inability of .the cortex to maintain high levels

)

. P s . N
of activity. Sensitivity to one stressor can decrease as a

function of experience with another stressar. Thus the concepts

of tolerance and cross-tolerance could be applied to stress, and

. X L1
cross-tolerance between stressors could be inferred to involve a

common stress mechanism for the two et':i:ess stimuli. Such a

-

. . . . . .
concept is reflected in Selye's discussions of "sgpecific
resistance” and "cross resistance"” whdre resistance is used in

the same sense as tolerance. ISelye assumea a common stress
mechanism when he found that there was cross-resistance to one

stressor developed as a function of experience with another
z : ~
stressor. / p '

- v

! -

-Drugs and stressors can be/given acutely, where only one

Y

exposure is provided, or where sufficient time between “exposures.

[

is allowed to preclude the development of resistance, or

chronically, where exposdre is given of ten enough to cause
. ‘ . '

development ‘of reslstance. Tests of cross-resistance would

‘typlcally 1nvolve chronlc exposure to one stress stlmfél.us, ana

-

acute testlng of the response to a second stress stimulus.
Cross-—reSLStance between the two.would imply a common stress

response to the two stimuli.

SECTION \III GENERAL VERSUS SPECIFIC STRESS RESPONSES

v

Introduction L

Though stress responses hrave been ‘arbitrarily
categorizea as being either general or specific in nature,

in actuality these responses include components of both. A

[Py
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’ ' - general . stress responsge is’ conce iwved as a multlfaceted
. [ £ 8

response ellcited by all stressors and pro,a‘ucmg cross-

tolerance: between them. A specific stress response, on the

other hand, would be unique in character, elicited by its
. N , ' .

. own specific gtressful stimulus ”whe’re tolerance would
. ~— .

» - " L) ) '
develop only to that spegific stimulus. However, as it '

. ; i
| exists in nature, the stress response has both general’and‘”

Ps »

specxflc qualxtles. Some stressful stimuli are more ablf
than others to prime the syYstem for adaptlng to or reslstlng

other stressors. ostman & Sjostrand (1975), found that the

P
stress of running_was. aetter able to prime the system for

] , resisting other stressors than the stress of a cola
environments ‘ = —~
Selye ] Concegt

Selye (1976), desczlbes the overall response to a stressory

as congisting of both speéecific and non—specxflc components;. That

. is, any stressor which acts upon an or"gan‘is,m produces both
specific and non—spe‘ciflid' effects. Though Selye has coined the
term "GAS" or Gene/ra.l. A;dapt'ation Syndrome to describe the non-
specific part of the response, he has not ¢oinea &n Aequj;_valen't \

term for the gpecific pax':t. "Here it will be referred to as the

Y

) "SAR" or Spel’:ifi.c Adaptation Response. The GAS is 'that\.pa'r t

¢/ which is always elicited no matter which stressor is doing the”

’

eliciting. Selye has noted three types of changes whigh occur

together .consistently 4in response to any ‘stressor: the adrenal

cortex} ‘hypertrophies and incr.ee’é\es its actiwvity; the thymus,

= g -’
spleen, lymph nodes\‘and all ‘other 1lymphatic tissues atrophy; and

the stomach and duodenum develop ulcerations. These changes’
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occur to different dégrees depending on the strength of the
stressxng agent. The specxf1c part of the response, the SAR, is

that part which 18 unxque 1n chiiiﬁter, elicited by its own
specific stressor. , Examples of spec1 ic responses mlght be the
organism's increased rate of breathing in 'response to lack of

oxygen, or a highly specialized adjustment such as strengthening .

of specific muscle groups in response to chrohic"usage. Selye

emphasizes that all‘stressors‘elicit a general as well as a .
specific response‘and it is _+he specific pert of the response
whith must be‘removed inﬁQ:;:r t0 - uncover or isolate the GAS.
. The GAS is the lowest conmoq;denominator of all stress responses
for Selye, and it is on'this syndrome that he cnooses to fbcus‘

his interest.

L]
-
-

Alternate View Of The Stress Conoeth

-

Mason (1971) discusses new findings that have emerged
in studies of endocrlne regulation which haVe 1mportant

}mplications concerning "stress" theory. He questlons
-
Selye's concept of a general syndrome showxng that at‘least‘.J

some stressors can cause different responses:from others in
the pxtultary adrenal cortical- system. For example, Mason
has “demonstratea thet when cold isruseé as a physicel
stressor urinary hydrocorticosterone (the metabolic

byproauct’of adrenal. cortex activity) increases, whereas

<

‘'when heat is used, urinary hydrocorticosterone decreases.
. Exercise or fasting, on the other hand, cause little change .
in these levels. Thus, the adrenal cortex does not always

» . . . ’ ‘ -4 . » .
increase its activity in response to noxious stimuli.- Mason

. / ‘ N
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went onito suggest why Selye mlght‘haQe thought such a

general syndrome was prevalent. Researchers studying the

endocrine response to physlcal stressors, such as Qeat,

cola, exercise or fasting, hdve come to realize .that tne
. ° - : Y N
endocrine system 1s extremely sensitive to psychologicadl

factors wnich went uncontrolled 1n Selye's WwWoOrKk. Tnus, the

-

situation was more complex than Seiye realizea due.to the*

’

difficulty of separating the effects of the stress stimuil

in his experimgnts from a variety of psjbnoldalcal/factons

[

such as frustration, fear,‘discomfort, novélﬁy or tnreat,

aii of whicn may have accbmpanled the testing situation, but

only some of which were, facfors aadressea within his

exberimentaI parhd;§ms. To the degree that Selye failea to
[ ¢ : ' -
‘ appreciate common, factors in aifterent paradigms, he woula

- . ’
- ¢ B
have confusea generai responses to the test situation ww .

the more specific responses {0 test stimuli. Some examplies

of uncontrolled contributing factors mignt be hnandling

-~

(Le;q;e, 1960), novelty,(Lgdlne, 1971), ana daylight (Rusak
. . t . ,
& Zucker, 1975). o v
- A

3+ . ‘ . , \

SECTION IV STRESSFUL STIMULI

Physicau Stresdgrs

l

There are wide variet%es of both pnysical ana
. T ’ - '
psycnologilcal stressors utilizea by 1nvestigators of stress.

Physical 5557550rs can ber aaministered to an organism either



*

¢ .

via the externai or internai environment. Investigators like
Be¥ger eiial (L980), Levine (1960), Denenberg'(1963),
McCarty (1979), Anisman & éklar (L979), Wiliiams ana
,:L "’ , -Eichelman (1971), Milier et al (1978), and Miller and Malov
(1977) have usea skock as a physical stressor. 'Lev1ng

(1960)}‘,\ Kramar (1953), Bartlett (1956), Zimkin (19:64)“, Katz

L. ‘(1979)7and Ostman-Smith (1?790‘descrlbed’the'effects ot
ekposurefto éold, where as‘Zimk;n (1964). ana Maseon (1971)

descritde those alde to exposure to neat. Engle (1953)

used 1iiness whiie Levine (1960) ana Zlmk1§ {(L964) discuss
. the uses of leukemic cells, toxic levels of giucose, or

N otner toxic chemicals as physical stregsors. Thus,

”

investigators of stress have used a wide varietfy of pny51cal

" st%: iors elther introducing them into the boay of ;qf

organism or into the external environment surroundlng “it.

-

Psychological Stressors

. - Psychologicali stressors are stimuli or situations 1in

the external enﬁ;ronment whicn are stressful, not because

w

they are paintul or noxious, but, it is assumea,’ because
ney .are unpregittable, uﬁcbntro;lable, or perceived as
threatening 1n some way (Welsé, 1968; 1970). These

/ gstressors are not listea among pnysiological stressors
primaril& beéausé of the diffticulty 1nvesélgators have 15
spec1f%1ng tném by their physical propertlés. "Psychological
stressors are, ;n taét, pnysioioglcal stimull, but their

"

physical dimensions are often poorer predictors of tneir
- “‘ "
stressfulness than are their conditionea assoc*atlons or

¢ % i
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'presdmed (unconhitionea) 51gn1tiqance ftor £ﬁe subject.
Investigators such‘as»Bradyl(lQSB) ana wWeiss (1968, 1970,
i979) have given aitferent groups ot animals equal
in;ensities, curations, and frequencles_ot eiectrlc shock
yét some groups have.conSLStenﬁly developed more severe

gastrointestinal lesions tnan others. It must therefore be

!

assumed that less obvious variables, other than intensity,
auration and’frequency of shock, were critical components oOf

the stressfuyl event. Both Braay ana Weiss have triea to
- . s’ . . N -

isolate the elusive 5omponents thougn the two naa aifferent

v B

1deas as to wnat théy might be., Brady has discussed such.

‘tactors as the demanding conditien of having to preés'é

¢ 4

N A o ) )
lever to avoid 'shock as well as the "social' interaction

’

petween "executive" ana yoked contro: animals, where one has

the responéib1lity of avoiding shock for both, as’ important

’

contributors to ulcer se&exity.  Weiss, in interpreting very

similar experiments, suggesfed that the-ability to control:

the shock decreasea ratner than increased the stress of the

! ' ” &
situation. That-Brady and Weiss can agree as-to the

dimensions of the physical stressor: (shock ‘intensity,

duration, and freqdency) but not apout the giméh51ons pf the

psychological stressor, iliustrates tpe tatt that tne
) £

psychological category reflects' the more: pooriy understopa.

ana Least definable components. Other investigators nave
‘ . v .

lookeda at sucn things as hanaling, physical restraing,

tunnel emersion time, pright iigmt, novedl environment ana

airfferent rearing conaitions in their attempts to assess the.

roile of psychological factors 1n stress. For exampie,

e
4

“n
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Levine (1960), Denenberg (1963), Denenberg g'Smlth (1963),

Denenberg & Grota (1964) and Weiningér (4954) have studiea

‘hanollng as.a psychologlgélAstressor: Bartiett (1956) ana,
. - x

Weininger (1954) nave stucledlphysical restraint. Tharp and

Carson (1975) have stuajea tunnel emersion. Bartlett (1956)
S
studieag bright lignt while Levine (1971), Studelska & Kemble

(1979) and Denenberg & Grota (1964) have studiea other’

‘"ﬁqvel environments besxd%s,those mentioned above. Whimbley
. N b .

ana Denenberg (1967), Denenberg & Grota ana Holioway,
P

" Dollinger & Denenberg (1979), investigated aifferent rearing
conaitions as psychological sS$tressors . These ana other

pnysical and psychological stressors are usea by

A

investigators as tools to observe how different organisms

- .

respond. to, or cope with, unpreaictable, uncontrollable, or

otherwise threatening conditions in their .environment.

. - BN
Thougn psychological stressors are more elusive than

bhy51ologlcal*stressoré due to the difficulty 1investigators
nave in specifying them by their physical properties, they

are Stlk; useful 1n researcn since they can represent

stressful life events.

SECTION V . STRESS RESPONSES -

» * o
: . 5 . -
% ‘There are wide varieties of both "physiological"™ ana

’
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"emotanal" responses studiea by investlgatorsliq the field of
stress.  The distinction made between physiologlcal'gno eqotionax
reséonsés”commonly used in the literature 1s a false one, since,
in actuality £hese responses are not mutually exclusive. It is
1n the area of emotional responses that¢ this false aistinction
between emotiocnal ana physical becomes a problem, since emotional
. . .
responses are presumably reflections of phyélologiéai. activxty;

This is further demonstratea by the operational definitions of

emotion which involve autonomic responses, such as changes,k in

heart rate and hormonal levels. Thus 1t 1s difficult to discuss,

- . .

M . : ~
emotional responses as being distiact from physiological ones.

[y

Recognizing this difficulty, stress responses will pe presenEec
. b ]

in this section accoraing to wnether the stressors which eiricitea

them were considered physical ordpsychological in nature.

Respohding Assoclated With Physical Stressors ;

‘A vérlety of physical stressors have beén used 1ih the
laboratory situation as a ,means bf‘observing an organzém's
‘{esponéeé to stress. The responses measured have been just as
vérlea. 'NeuroenQOCriﬂe responses‘suéh as ad;énogortlcbtropln
hormone (ACTH), steroids produced by the adrenal cortex,
norepinephrine (NE), ana eplnéphrlne (E), were measufeo by Levaine

i

{¥960), Engel (1953), Kramar (1953), McCarty (197$)! Anisman
(1979), Berger et al (1980) .and Osgman andggjostranc (L975) .in
eresponse to such phy51ca1 'stressors as shock, c¢la, ‘leukemic
cells ana toxic agents. Lev1ne (1957; 1960) ana/zimkin g1964)

notea survxval time after aaministration of pathogenaic agents.

Levine (¥960) measure& bocy weight and gastric infestinal ulcers,

11 » -

- ~
-
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wnile Miljer, GIOSSN&AJ Richardson, Wistow & Thomas (1978) ana
Miiler & Malov (1977) noted cardiac aamage as a result of shock.
Katz (1979) measured ghgorphins following cola water emersion.

Engel (1953) recordea the giucose/insuiin response to illness and

Kramar (1953) notea capililary re91stan§e to cold. Berger et ail

(1980) measurea plasma cholesterol changes following shock, and

. v
Wiliiams & Eichelman (1971) récorged tai1l blood pressure changes

/
H

"as a result of shock. b ; .

» o

"y

r - 1

Responding Associated With Psychological Stressors ' Q\\\\\ . .
"A varaiety of psychOLOgical'stressors have been Sééa in tnhe
laboratory,‘ us the phyﬁical stressors were, also as a means of
observing the organism's responée to stress. Levine (1971) an

L B
Engei (1953) measured tlie neuroendqcrine responses (ACTH,

corticosterone, NE, E, ana adrenal weight) to such psycnological

stressbrs as_thﬁélding,qﬂ'an appétitive reinforcement., '~ Levine

(1960) measured ratg ot growth éfter Aanalxng and Weininger

(1954) lookedad atvgéstro-intestlnal ulcers and_ heart damage

following handling. Barélett (1956) ana Weininger (19%54) both

measured body temperature in response to the psytnologlcal’
stres;ors, restraint ana 'handiing.

-

SECTION VI " TOLERANCE AND CROSS-TOLERANCE
‘ 1

]

Tne phenomena of tolerance and cross-tolerance ofter

potential models for understanaing stress related disoraers.

Both psycnosomatic and various emotional disorders are incluaea

*

12
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within this categot&;' Phy51010§ical manlfeétatkons thought to be
assoclated with some underlying stress are\ofted-part of the
presenting symptomatology. Because these mﬂnlfestatlons c&n be
disabling, if not life threatening, methodas for aeveioping

resistance to stress are of interest.

Psychosom#&tlc Disorders -

Psychosomatic "adaisorders are those resuiting from the

intluence of emotional stress or conflict on a predisposed

somatic organ or system. In these conaitions there 1s a

recogni;ea pnysical'dlsease or aisorder brought on by or

exacerbated by some emotional factor. Illness such as peptic
-

ulcer disease, hypertension, neurogermatitis, colit1§, migraine

headaches, hyperthyroidism, atherosclerosis ana asthma, are often

spoken of as having psychosomatic determinants but many other

oi;eases have been considered as well. ‘Selye lists a variety of
symptoms as #elng indexes of stress. ﬁgny of these such as
pounding of the heart, diarfhea, vomiting, and migraine
head;ches, are also symptoms of psgchosomatlc disorders. One
dssumptlgn about psychosomatic, disease is that different
1nd1v1&qpls have different organ sensitivities ana thus aifferent
lndividuals display different organ sympgoms 1n response to any

stressor that activates the GAS.

Emotiona. Disoraers

0

Emotional aisorders or psychoneuroses are generailly

viewed as maladaptive attempts to deal with fear or anxléty.

They include phobias, obsessive compulsive neuroses,

hysterical neuroses, and anxiety and depressive reactions,

~ 13 E)



all of which are tgought to be exacerbatea by stressd,

a2

particularly by stress reiLatea to tne anxiety of fear in
question. Includea 1n Selye's list'of inaexes of stress,

some ot which have been mentioned in relation to
psycnosometic disorders, are a number of symptoms wnicnkgﬁé
reilated to psychéneuroses éuch as 1nsomnia (often an
inaicator of emotional tension), inability to concentrate,
pounding of.the héart, general 1rritabiiity, sweating,
hyperexcitation, or depre551on. Most of these symptoms seem
to be relatea to a state of general arousal, a péimiﬁg of
the organism's bodily syétems for aétion, whereas those
symptoms usually assocliated with psychosomatic disorders are
- More organ-specific. In the case ot the s§mpt6ms assoclated
with psychoneuroses, it seems that different.ininiauais
aispiay similar general arousal states in response to a

variety of dai1fferent stressors, ,Whether these stress

’

related symptoms are expressed as a state of general arousal
or are mbre organ specific in ngtﬁrg, their. disabling
effects may be avoided or minimized by using treatment
methoas modeled on the phenomena of tolerance and cross-

tolerance.

leerance:‘é Method For Deveioping Resistance To Stress

Exercise, systematic desensitization, and flooding, a1l

-

r'epresent methods for developing resistance to physiologlical ana
emotional stress by-developing tolerahce to the stressor.

Exercise -

Exerclise is a technique which utilizes repeated exposure to

14
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a physical stressor (such as oxygen aebt) as a means of

decreaélng the stress response elicitea by ‘that, stressor.

Types o‘ exercilse

ﬁxercxse can be carried out in a variety of ways ranging.

from short intense sessiohs to mgre prolongea lesé intense ones.

Some t&pes of exercise, such as weight li1fting ana sprinting,

ténd tﬁ-deyelop'power og strength , while other types, suchn as

iong distance swimming or - jogging (rupning), have a tendency to
\ .

develop endurance. Different schedules of ekercise, such as

singiLe oOr 1ntermittent exposures (acute);,; demonstrate the

subject's baseline state of fitness, while chronic exposure to

n
physical exertion proauces adaptation which causes relatively

long term changes 1n some components of fitness.

Tolerance effects of exercise :

The type of exercise program chosen will affect how the

body‘adapts itself to that particular stressor. Some programs

seem to allow the organism to develop the abiiity to tolerate a

N )

greater variety of &tressors than other programs. Aaaptive

t

mechanisms aue to cnronic exposure to exercise@(runnlng) occur 1in

the neurocendocrine system,.skeletali muscles, cardiorespiratory

.ana métabolic systems which work together, making the body more

efficient 1n providing tuel ana oxygen.for the working musclies
(Fox, 1979; Eaington & Edgerton, 1976; Guyton, 1276). The
neuroendocrine system affects the boay by direct neural

sktimulation as well as by hormones secretea 1nto the blooustream.

Often there 1s overlap between neural ana hormonal activity so

- I3

that organs receive dual stimulation. With exposure to cnronic

-
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exercise, tne autonomic nervous system steps up its activity thus
aiding the other systeps of. the body to buila up a tolerance to

the increased deman

put upon them. Some information on the
general functioning [of the neuroendocrine system will ' demonstrate
L

communication system coorainates the other
)

how this complicate
systems while under th tress of exercise,

During exercise the sympathetlc nervous system 1ncreases
the rate and force of the heart beat directly ana stimulates the

adrenal meaulla to secrete norepinephrine ana epinepnrine\1nto>

the blood (Guyton; 1976). The i1ncreasea gemana on the adrenals
due to exercise or emotional stress causes them to hypertrophy. ;
Norepinephrine ana epineph;lne usually work as a team when
stlﬁuiatlng the various parts of the body, one acting as a :

stimulator and the other an inhibitor to produce, through their

degree of imbalance, the reguired aegree of activity. Epinephrine

is more effective in 1ncreasing cardiac output ana metabolic rate ’

- s .

(increasea rate of glycogenisis in the liver and mu?cles;
:1ncreased rate of gxubose releaseg into the biooa) ;hlle
norepinephrine 1s more effective 1n increasing the totaldl
peripheral resistance to ‘avoia vascﬁLar sheck. The
scardiovascular system seems to develop an 1ncreased sensitivity
to norepinephrine due to repéatea exposure to the stress ot
exercise (Ostman-émlth; 1979). This woula seem to allow the
cardiovascular system to meet changing demanas more éplckly and ’
with less prompting. The'parasympathetlc nervous system has the

opposite effect from the sympathetic nervous system on various

R
organs such as the heart musclie, coronary arteries, broncni ana
16- -
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intestines (Guyton, 1976). For example, it decreases. the raté éna'

force of the heart beat directly by its action on the Vaéus

nerve, constricts coronary arteries, mildly constrictg the

bronchi and increases peristaisis. Because of these effects the

parasympathetic nervous system would not seem to play an

important role during exercise but would take over once exercise

was terminated to help bring the various boaily systéms back to
baseline levelis 'of fundt}oning. Maybe it is for this reason that

4 .
changes due to repeated exposure to exercise have not been

studied.

1

Cortisol, a hormone released from the adrenal cortex, has
the same effect on metabolism°a§ epinephrine, 1ncreasing the
prdﬁuctrqn of glucose 1n the liver and -inhibiting glucésg uptake
and oxidation py many parts ot the boay. Like norepinephrine,
cortisol enhances_ vascular activity to avoia vascular shock and
actually allows norepinephrine, to induce vasoconstriction. The
nervous system works together with the hormones to co—-ordinate
tne\bgdlly systems 1in developing a greater tolerance to the

stress resulting from chronic exercise (Ghyton, 1976).

'The "skeletdl muscles are a system which develops tolerance

to the stresses of exercise by-4ncreasing their ability to .

éxchange gasses (oxygeh and carbon dioxiade) as well as ingtreasing
their efficiency in the utiiization of fuels. These changes due
to chronic éxposure to exercise are directly relwtea to ﬁhe
types of exercise used (eg. strength VS endurance training) (Fox,
1979). In strength training tne emphasis is on a change 1in
contractile mechanisms. The muscles hypertrophy cau51ﬂg thear

hltochoncrla to increase 1n both size and number, tnus supplying

v
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more cells to dggl,with the increased work. This ihproves ﬁhe

muscles' ability to supply- high énergy phosphate--adeqogine

triénoépnate (ATP)--necessary fof the'proquatlon of work. In

enaurance training the emphasis 1S @Qn a change in metabolic
’ o A

mechanisms. The concentration of about 20 enzymes is increased

as 1s their rate of activity, allowing for the 1i1ncreasea

]
metaboiism of glycogen, a fuel necesary fQr the resynthesis Qf

ATP (Edington & Edgerton, 1976;. The muscles develop the ability
to store more giycogen as well, thus allowing tor an increased
store of readily available fuels. They become capable of
metabolizing increased amounts of faté relative to cafbohydrates
making them more gWersatile in their usage of fuels and alliowing
them to accumulate less lactic acid. There 1S an increase 1n
capidlary oevelopmént providing a larger surface area for the
exéhange of gases thus increas;ng the efficiency for extracting
oxygen from the blood (Fox, 1979). There 1s alsoO an increase in
myogiobin in the muscie cells which pro;ides a source oé oxygen
when the usual supply is deplgtea due to the'increased demands of
exercise. The“muscle tissues adapt in such a way aS‘to’De
maximally efficient in transporting and utilizing both‘oxygen and
fueis to keep the musclies functioning under prolonged exertion.
fhls 1ncreas€d ability to adapt to prolonged physical exertion
means'the body is better able to tolerate such a st;aln.
4 Theucardioresplratory system prbviaes for the uptake ana
transport of oxygen to the working muscles as welil as for the

removal of wastes such as carbon dioxide ana lactic acid. " This

system adapts in a 'variety of ways to better deal with the

L 2 18
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lncreiseq qemanas for oxygen and the increased meea fbr waste
rehovai . with chronic exposure to exercise'tpe heart
hypertropnies, ipncreasing 1tS‘genéral strength and its force df
contracéion(ﬁd@ton, 1976; Fox, 197Qf: It endurance training
has been used, the volume capacity of the ventricles increase

whiie the thickness of the heart muscle remains .relatively

constant. This combination of lqrger'ventricular cavities ana:

stronger ventricular contractions is associated with an increase
1n stroke volume. The resting heart rate becomes ldwer ana
greater work ;nten51ﬁy can be performed at a given heart rate.
The heart muscle also becomes more resistant to hypoxia (low

oxygen) due to the 1ncreased number of mitochondria ana tne

ability to use lactate as fu#dl when the avaiiability gf oxygen is

i

diminishea. Finally, the blooa volume incrgases as does the

nemaglobin concentration, allowing more oxygen to be transported

to the muscles for each contraction of the heart. All Qf these

chamfes make the heart more efficient in pumping the blood, ana

allow 1t to continue functioning adequately even when 1ts own
oxygen supply has been diminished, dug to the stress of prolonged

. {
physical exert:ir. - .

With chr

: . [}
ic exposure to exercise the lungs also adapt to

) .

the increaseaq d%mands put upon them by increasing, their volume,
" thus making more oxygen available to the caraiovascular systeh
(Fox, 19537 Guyton,VIQZ%): *To further improve tne efficiency of
oxygen transport toqthe muscles, the caplllagﬁes develop the
ability to extract more oxygen‘ff%m a given volume of air. If

these aaaptlbe mechanisms are unable to meet the oxygen neeas of

. [
tne working muscles, the lungs 1ncrease theilir rate of

-
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_tor the oxygen transport system. e i

!

ventilatlpn, thus providing a more rapgﬂ turnover of. fresh air ’

»

A4
The metabollc system ptov1des the body w1th the energy it

needas durlng exerclse receiving input from the neuroendocrine
system and skeletal muscles. Fuels can be metabolized either
aerobically’ or anaeroblcally (Guytoﬁ}.1976L With aerobic

metabolism carbohydrates ana fags are efficiently broken down

with the help of oxygen to proauce the energy necessary to t'uel‘4

biological processes without the formation of lgc%lc ao}d. With
anaerobig metabolism, howeverﬁﬁcsrbohydrates are inefficiently
broken down, ‘- due to the absenoe‘of oxygen causing the byproauct
lactic acia to be producea. If tne”body cannot utiiize or get

a

rid of the) accumulating lactic acid from the working muscles,

f ' % }
these muscles' ability to function will be namperea. Despitg the

~r

disadvantege of lactic acid build up, the anaerobic system

provides a guick but short lived source of energy necessary for.

the biological processes occuring during short but strenuous

. L) .
periods of exercise (Guyton, 1976). Endurance training tenas to

)

developaerobic relative to anaerobic metabolism (Fox, 1979).

Thus: chronic exposure to the phy31caL stresses of exercise
develops acdaptive mechanisms in the dlfferent boduly systems
which help the drganism to tolerate, more effectlvely, the extra
oemsnds‘placed upon it during such ‘exercise. “In other words,

exércise leaas to the development of stress tolerance 1n many
- R
systems of the body. . '

f

4

Systematic Desensitization and Fiooding

F S

Sys€ematic desensitization and flooding’ are also

) -
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’technxques which utilize repeated exposube’to a stressor as

a means of decreasing or eliminating the response elicitea

by that streséor. Systemaﬁlc desensitization uses muitiple

and éradually increa%ing intensities of exposure to an
‘énxlety provoking situation to reduce the response to that
;;tuations ‘'Flooding, on the other hand, uses multiple

. exposuggs to an anxiety provoking situatlén, but 1nstead of
éradually increasing the lqtensity of the situation, so as

to ‘avoia overloéaing the clieny,‘uses the most intense
condition fight from the onset o ’therapy. The hign arousal

y ellicited by this "sink or swim" approach is expected to
expose the underlying causes of fear so tha£ they may be
confronted, thereby reduéing the anxiety response. ‘Whether .

" the emotional stressor' 1s presentea in large doses or small
ones, each proceddfe Jinvolves the repeated exposure to that

P /

stressor. ¢

Cross—-tolerance: A Method For Developing
Resistance To Stress

Anoiher potential method for developing resistance to

f %
stresg/hould expioit the phenomena of cross-tolerance. ‘An

’

organism chronicaily exposed/to one stressor might develop
’ . -

adaptive mechanisms effective in dealing with other stressors.

Cross-tolerance Between Tzo Physical Stressors

~

Ir an organisméis cnroniéally exposea to a physical

stressor, the adaptive mechanisms aeveloped'as a result ef thas
\doadl oy '

repeated exposure may carry over to.other physicaily stressful

.

si1tuations. leﬁerent stresﬂors nave been used to demonstrate

’ " . 21‘
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this.

‘Cross-tolerance between shock and other physical stressors

+ .

€

Many of the édaptive mechanisms develiopeda through

exposure to chronic shock are effective when the organism

has to later deal with other physicAl stressors. Levine
(l960) found' that rats previously exposed to repeated bouts
of mild'shock in infancy, showed less reactivity as aqu;ts

¢

to physical stressors such as toxic injections of glucose

"and swimming in a water maze. This pre’vious exposure to the

stress of mi1ld shock resulted in the animals developing a

¢

cross- tolerance to a dlfferent sttessor sucn as the toxic

agent glucose, where it was demonstrated that these animals
. ’
survived Jlonger. When circulating steroias were measured

-, o

immediately following the current bout of electric shock, 1t
was found that the animals which haa had previous ch‘ronic
exposure to the stress of mild shock in 1nf'ancy showed a
much higher output of acrenal'.sterouxs, such as
cortlcésterone, 1n the first 15 minutes after the presently
administerea shock, whe;:eas pefore this shock both groups®
levels of ~steroi‘ds were egqual. 'I;he rats- which had not been

v

previously exposed to chronic stress in infancy achieved the

Same output of steroids after shock but these lLevels were

n

4

reached more sliowly and remainea elevatea longer than those

of the groups previously exposed to stress. The greater

speed ana shorter duration of .the steroid response in those
o«

animals previously exposed to chronic stress might i1mprove

their ability to. tolerate new stressors by havihg theilr

22



4

+
defense mechanisms already primed for quick efficient action
and by allowing these mechanisms to stop ftunctioning as
quickly as possible once they are no longer needed (Levihe,

1960) .

— — e e e e e ko

»
stressors -

Mény of the adaptive mechanisms developed through one

. -
particular type of chrwenic physical exercise‘,Tuch as jogging,
ith other types of

3
exercise such as the bicycle ergometer or swimming, or with other

are also effective wiren the body has to deal w

physical stressors such as cold, heat and toxic agents. The body
' : A

has to make less of an effort in-acapting to these new stressors,

thus increaseda tolerance for these stressors is demonstrated.

Ostman-Smith (1979) has compared. rats sho have undergone chronic
it
exposure to swimming with those that received chronic exposure to

L4

cola ana found that both groups showed the same degree o.f cerdiac-
ana adrenal hypertrophy. The caraiac and adrenal hypertrophy are
signs of adaptation develioped in the cardiac ana horm<‘)nal‘ systems
aé a result of the increasea stress of either cold acclimat‘:mn or

swimming training and these refiect tolerance effects. Because

2

of the same degrees of hypertrophy one might assume that chronic
‘} ' i
swimming and ch&xonic exposure to cold were equally'stressful in

this experiment. When exercised and cold acclimated rats-were

put in a novel\ environment (at normal room temperature) both

o«

groups excreted less noreAplnephr ine than controls, suggesting

| . : .
that both swimmers and cola acclimatea animals were more easily

abiLe to agdapt to the novel environment than were the controis

- -
.
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SLnéé these grougs' secretea less norepi'nepnrine. During
L e :

subsequent colc; 'exposuré, both e’xe‘rcise,c; and cold acclimated
groups haa less of an increase in norepinephrine secreti'on than
did the controls. This demonstrates ‘devélopment of tolerance to
cold stress in the one group and bross-tolerance between exércise
.s.tresis and cold stress i1n the other. .

In another'examplg zkil\nkin (L964) looked at cross-—-tolerance
developing. between physical tr~aining and such things as colad
stress, l;eat stress, and administration of* toxic substances
(such as trichlorethylamine anad X-1rradiation), and tne strgss
assocliated withl‘ transplanted malignant tumours. For cold sttess
he measwured time iaps\e before onset of convulsions, while for
toxic substances and heat stress he measured survival ;ime. He
also found that moderate exercise 1s more effecgive than
excesslive exercise in producing this c'r‘oss-tolerance whiilg too

little exercise is ineffective.

Cross-tolerance Bertween 'The Physical Stressor, Exercise, And

Psycnological Stressors

If an organism is c¢lironically exposed to the physical
stfressor, exercise, the adaptive responses 1t develops as a

"result of this repeated: exposure may carry over to_‘

pPsychologically stressful situations. The adaptive effects of

“.chronic exposure to exercise on the bodily systemq have already

been described. \Some of the adaptive mecnanisms may also be

3

' effective when tﬁhe boay must deal with psychological stressors

)
[4

such as restraint or tne open-field.
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Previous studies ' ®

/

Previous studies.have shown that adaptation to a physical
stressor allows anx%als to improve thelr ability to tolerate
novel psysghological stressors. Bartlett‘ (L956) 'attemptea to see

if cross—tolerance would develop between the physical staessors

¢old or exercise and the psychological stressor restrhint. The -

organism's response to;estrai’nt was measured by tqa hypbthermfa
whicn deveioped from that immobilization. Rats were fu:st’ run to
exhaustion for 12 consecutive days arid then exposead to cold and
restraiqt_ simultaneously. This combination of running followed
by cold and restraint proaucea some 1nhibition of hypothermia
(cross—tolerance)u though this dig not occur in animals that had

had exposure to running for only six days. Adaptation to a

s‘eemingiy unrelated stressor, forced running, may protect against -

the threatening situation of restraint. N

Tharp and Cérson (1975) also assessed wheéther cross-
tolerance woulé develop between a physical ana a psfihologlcai
Stressor. They first exposed rats to an eight week ;.p”rogram of
the physical stréss of either ruf"m;ng or swimming and then to the

. Psychological stress of & novel situation, the open-fieid.

Runners ant Swimmers each performeu differentiy in the open-field

from the controls. Runners and Swmyﬁers entered significantly

. mMore total number Of squares ‘than did the controls. The control
groups defecated significantly 'more‘ ana had longer‘lat'enc.ies iq
leaving the flrs;: sSqguare. Thus cross—t'olerance,oqeveloped, to
some degree, between the physical stressor,‘iexercise, and the

psychological stresso}, the open-field. These and othner

1nvestigators of the effwcts of running have usualiy canfounded

25 -
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running with other stressors, such as shock or a motorized

running wheel (where the animal gets'“tuhbled“ about in the’wheel

if he slows down or stops running. These are used to EP‘CE the

animals to‘*run. Thus, from these studies, it cannot be

-

determined whether the observed cross-tolerance was between

running and the subsequent psycholOglcal stéessor, or rather

\

between the associated stress\of shock or the moving treadmill

.~ -

and the psychological stressor. / . '.

The present study

The present study was designed to determine whether chronlc

'é}posure to the pnysical stressor, runnlng, could produce cross-
)

tolerance to the stress of the novel 51tuat10n, the open-fleld.

Threg groups of animals were utilized, Runners and two dlfferent
control groups, Matched Controls and Caged Controls.‘ Matched

Controls were employed to account for the effects of the extra
. » .

\handlng as well as those of the running environment. Caged

-

. Controls were employea to demonstrate how animals might respond
not thaving received ‘the extra handling or the experience of

]

running in that- particular env1ronment.‘

Runners performed dally in the act1v1ty wheels. Unllke the

study by Tharp and Carson, this group was food- reWarded for

runnlng w1thout the addltlonal use of such threatenlng condltlons
as shock or a motor;zed act1v1ty apparatus as a StlmulUS to
fOSter running. This would allow for adaptation or tolerance to

develop to the increased work load of the chronic exercxse alone, .

rather than some comblnatlon of that work lLoad plus the added

stress due to shock or the forced actiwvity caused by <the

1 *
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moterized equipment. . Matched Controls received the identical

treatment as Runners except their actibity wheels were
stationary. Caged Controls remaineda in the heme cage ddring this\
treatment. . )

~

Heart rates were measured weekly for all groups. At the
terminatlon of the exercise program, Runners' ana non-rudnners'’
' behavior scores were comparea in the novel environment of the
open-field. .

It was expecteﬁ that tolerance to the stress of exercise
woula develop us;ng a food rewarded runnlng program and woula be:
refiected in either: decreased heart rate response to, or increased
heart rate recovery from, the stress of the runnlng sessions.
The major question of interest was whether ‘crogg-tolerance
betweehf thé ‘physiological stress of exercise and8 the
psychological stress of the open—ﬁield would develop and be

refiected in Runners having a faster rate of adaptation to the

novelty of the open-field relative to Matched or Caged Controls.



“ METHOD SECTION .

-
Subjecﬁs: Thirty three'male Wistar rats ranging from 43-45 days
of age and welgblng 125-150 grams, served ‘as subjects. Animals
were housed in a reverse cycle room (12 hrs. o{ aark startlng at
10 a.m.) where they were initially pairea in standard stainless

steel lab cagéé for one month before being individually housed.

Apparatus: Standard Wahmann aétivity wheels were used with
10"xe"k5" side Eages and siidiné partitions. Each éctivity wheel
was fitted with a micro switch, a flashing light (connectea to
the micro switch) mounted in front of the running rat, ana a

brake which allowed the wheel to rotate only in one directaion.
’ A (‘

Stationary running wheels were of the same dimensdons as the
activity wheelé but. there were no side cages used. A light,
mounted on. eacn stationary wheel,‘was coupled electrically to é
spec;flc activity wheel so tha£ wbe‘i}he light mountea on the
activity wheel flaéhea, S0 éid its twin mounted on the pairea
stationary wheel. . The lights were ereo to flash with each 360
degree revolution of the activity wheel. An Esterline Angus
'event'recorder, Style number 90M, as well as counters, were used
to ﬁeqsure the number and patterns of revolutions run in tne
wheels. Grass Instrument Model 7 Polygrqaph with aliigator clip
lLeaas waf used to record'heaft rates (EKG). All stjects haa
subcutaneéus electroaes pe;%anently implantea on either side of

their thoracic cavities for this purpose. A three tower unit

maade it possible to record the EKG's on tn're'e animals

simultaneously while at tne same time reducing the movement

&
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articfact. \The tpwers were nine inches apart and 16" above the
base, with each tower platform being a box measuring 9"x3"xl.5".
The open~-field used. for activity measures, was 36"x36"x12" high,
made out of plywood. The tloor was divided into 6" séuares and
painted in a cream and ‘biack checkerboard design. The si1des were
paintea a cream color as well. Car.x::ylng boxes were used to
transport animals, eight to nine at a time, from home cage to
testing rooms. These were fittea with opaque covers to keep
subjects 1n the dark.: Both test rooms were dimliy lit by 25 watt
red, translucent bulbs. Room temperature was kept constant at 68

degrees Farenheit.

Procedure:; Pre Testing All subjects were handled ana weighed

daily during which time they were groupea together (see Figure
L. Standard Purina rat chow and water were provide'd ad libitum
for the first three weeks, after which access to food was limi tea
to one hour per day. At the conclusion of that hour, a one inch
food pellet was left for each rat. Water was ‘prov”id‘ed aa libitum
throughout- the,exper iment. « ‘

Three weeks following the. impiementation of the restricted
feeding schedule, the mean weight‘: for each subject was calcx{latéd
from the last five consecutive welghts recordea. Based on these
weignts, subjects were then dividea 1nto three equal groups
(n=11), having mean group vlreights of 26_5 grams, 266 grams and 265
grams. These were then randomly labeled either "Runners”,
"Matched Controls"” or "Caged Cdntrols™. Testing squadas,
consisting of one nmrember, frgm each of the experimental groups,

were formed to control for the possible effects of time of aay on

, ' 29
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performance, as well as a means of main;aining a constant
Runner/Matched Control comparison. All squads were aadministerea
the experimental prloceaur'es sometime betw‘e\en\ the; hours of 10:00
am and 3:00 pm. Times of treatmengs were rotated within this
period since peak activity 1s supposed to occur during the first
. houfs of darkness (Zucker & Stephan, 1973) and all squads coula
not be processed within such a restricted period of time. Since
.each squad was consPstently camprised of the Same ﬁembers fram

each of the three groups, for all experimental procedures, the

time factor was again controlled for. Runners and Matched

£

Controls were given four days to become. familiarizeg with the
experimental routines and equipment to be used‘(spending 10
minutes per day 1n the activity or fixed wheels). Exggrimental
prbcedures weére carriea out during the week (Monday to Friday),
but animals’were still maintained on the restricted feeding

schedule on non-testing days. -

— L]
General Testing Prgcedure The testing period lasted a

total.of 12 weeks (See Figure 2). For the Elrst five weeks the
Runners' speed (ndmber’of wheel revs./unit time) ana duration of
running was progressively increased to one hour per day, five
days a week. Matcned Controls' time spent in their stationary
wheels 1increased at the same rate as that of the Runners; though
no restxictlon'was put on the degree of activity they performed.

, .
In the fifth week all subjects had e;ecrocardiograms (EKG)

recorded for the first timel, This measure was continued wee LKy

L «

for six weeks. Four different readings were . taken per session:

Basellhe, 2na Stage (Immeaiate post run for Runners), 3ra Stage

(15 minute post run for Runneré), and 4th Stage (30 minute post

31
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run ‘for Runners)2, The day of the week that squads were tested
was rotated. Until EKG measures were begun, Caged Control
‘animals remain‘ed in their home cages when the Runners ‘and Matched
Controls went to their wheels, tnough they had remained with
their ’;;x:oup members while the weights were being taken. During
‘the 12tn week all Sguads were exposed tlo two 1Q minute sessions

in the open-field3, .

>

5 .

Specific Test Procedures Testing began within one hour

after the onset of the dark cycle (between 10-11 a.m.)(See Figure
3). Squads of animals were first weighed and then transportea in

v

a darkened, govered box to the already dimly lit testing rooms.
The ani;\als designated to have EKG's done that day went to the
.EKG room where they were placea 1n the towers for 15 minutes
be fore baseline readings were done. The other animals waitea 1in
th'e running room.in individual boxes for that same period of
time. Animals in towers hada their EKG leads attached five minutes
before measures were to be recorded. Ten second segment's were
recordea ana extrapolated to beats per min‘ute.‘ If electrical
interference occurred aue to movément in any one lof the subjects,
another 10 second segment was recorded for.all three. On
termination of the baseline recordings that squad of animais was
moved (again 1in 1‘:he dar kened transport box) to the rL:mning room.
All Runners were placea in the siae cages of the acti-vity wheels
with the partltléng séparating them from tne wheels, cilosea.
Matched Controls were placed in their fixea wheels, then the
partitions were slid to the side of the running whee]‘.s aliowing

the Runners access to their wheels, and closed behind them so

4
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. wtne tower, leads-attached, and a 10 second reading taken. 'The

b ~

they could not feturn to the siae cages unt1il the designated time
\
for running wgé complieted. Counters ana event recorder were

: }
activated as soon as partitions were\closeo. Peanut butter was

\

given as a reinforger for running immediately on termination in

the wheels. 1If an animal had performea its average number of

revolutions or more for ‘that period of training (for éxample;fit
may have averaged approximately ,800 revolutions per hour,

therefore must equadl ox;\better that score), it received this
» .

rewira. If perébimance was nbt up 4o par the reward was not
given. Both control groups received the same reward if their
squad Runner had serited it. Thus aﬁimals learned tdﬁ%xpect this
‘because of the repefted presentations over ille. " This was
demonstrated by the hlgh.igvel of "activity directed towards the
peanut butter being presentéd to them {most anlmals‘wodid lunge

foreward and attack the reward). - Just before termination of the

"

. o
running period, the Caged Control animal, waiting quietly 1in the

A

dimly 1iluminated EKG room, was given a peanut butter rewara: (1t
warranted) ana removed from hig waiting box where he* was
immediately plLacea in the EKG tower. Leads were connected as

before and a 10~seconq;:eading was done. The Pséudo,ﬂunner was

removed from its cage,’ given peanut butter, if warranted, and
~ \ .

immediately transportea to the EKG room where 1t was placed in

~

Runner, in the meantime haa still been running. All flashin

-

lights were now fixed in 'the "omn" position signalling, for the

v -

animals, the te;min‘tion of running for the day; the wneel was
stoppeg and counters for all Runners stoppea. If the Runner

‘ .
designated to have its EKG done nad run the appropriate Aumber \

” i3
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of revolutions then it was given peanut butter and immediately
.transferrec from the running room to the EKG tower, where the
same EKG procedure was performed. All three subjects remaineda in

their towers with lgads attachea for the next one half hour.until

ﬁéll of the readings were completed. In the meantime, the

" remaining squads of Runners and Matched Controls were removed

from their wheels and given their peanut butter if eaéh squad's

Runner had run enough. They were then placed together in the -

£

transport box to await the return of the squad having 1ts EKG

done. Once readings were coqpleted,\alA.subjects were taken back
to tpelr home cages in the darrened transport box where they
waited one hour befqre beiﬂg fed. Control“anlmals that had
waited in home cages, since they were noé having EKG's done that
'daff were given peanut butter it their respectize squad Ruﬁner;

hag performed adequately.

i
~

Open-field testing- was doneéTﬁilowing termination of

” i

running on two different days for each subject.. Sqguads of

animals were transported in,darkness fQ the running rooh where
_they remained in their bex to wait their turn. The animal to be
testea was‘put in a smaller darkened box and moved to a novel
brightly iluminated room (usual overheaa fiourescent lights).

Here the subject remained in the box until just prior toﬂbe1ng"
<1 - .
placed 1n the field, .so that thie brightness of the room might ada

to the 'stress of the novel copditlon. The 1id was removea and
N \ : ‘
the anxmay\?uietLy placed 1in’one corner of the fiela with its

nose towards the corner. Emergence Time from that.corner sgquare
.

plus the Humber,,of.insidé squares crossed, outside squares

N R ~ a

,

36
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crossedland\total number of squarés crossed, for the first and

'second five minutes were recorded. A score was given when both

"

front feet moved 'into-a new éqhate}‘ Defecation and urination

were algé noted. The second ten minute test session was done two
days later following the same p;océdure, except that the corner

square in which the subject was first placed was changed to

¢
. 2

another corner.

4
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RESULTS

Analyses* of végianCe were utilizea for weightf oben-field
and heart rate data’uéing BALANOVA Cléss B design for repébted
meas@:es'(Herzbérg,lQGB)f Independent variables for each
d;pgndent measure‘are‘smearized in Table 1; source tables are in
Tables 2-7. ‘

Body weight showed a main effect for weeks as can be seen

in Table 2, (F(9,270)=164.47; p<.0001). This refliects an
increase over weeks as shown in Figure 4. There 'was no
significant main éffect for the group factor and no significant

interaction.

@
1

Runners, speed and duration of rﬁnning progressively
increased over weeks. This 1ncrease occﬁrred for both measures
auring the first six weeks of the training program ana then
leveled off for the duration (See Fléure 5). ’

. Heart rate showed a main effect for weeks as can be seenlin
%able 3, (F(4,360)=4.07; p<.0Ql). This reflects’a‘decrease in

<
heart rate over weeks which can be seen in Figures 6 & 7. There

was no main effect for the. group factor and no significant
1nteraction between groups and weeks. Heart rate also showea)a
main effect for stages within sessions shown in Figure 8,
(F(3,360)=28.99; p<.6001). This effect is examined further by

. ® .
using the Scneffé post hoc test (C. Diff.=27.12; p<.05),
demonstrating a significant 1increase between the\Basellne
(nabituateaq) ana‘Stage 2‘measures, as well as a s¥égzgicant

decrease between Ehose measures of Stage 2 and boﬁh Stpges 3 &:4.

\‘,/-\/
’ i - . .
P ) .

{
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TABLE 1

1

Data Analysis Summary Table
Analy51s of Variance: BALANOVA Class B
Désign For Repeated Measures
Where Factors Listed Represent Highest Level Effects

Designs, And Anything Lower in The Hierazchy is Assumed

+

Dependent Variab;es
Body Weight
Open-field -

~-Total # of Squatesj
-Inside Squares

-Outside squares -
~Emergence Time

‘Heart Rate ~

Indepéndeht Variables

Groups

.Groups
‘Groups

Gtoups
Groups

Groups

“39.

X Wegks’

Stages
Stages
Stages
Days
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¥~Stages
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Time
Time
Time

Weeks -
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¢ C TABLE 2~ - . - :

hAnalysis of Variance SOﬁrce Table foc -
Body: Weights of All Animalgs Over Ten Weeks

Source ss af- Ms F P
Groups. (G) . - 865.7 . 2- 432.8 © .82 n.s.
Error . 158106.0 30 ' 5270.2 e
b ‘ ) ) . , ' . - ! ’
Weeks (W) - ' 174622.0 9  19402.5  164.47  <.0001
GxW ' -~ 3130.7 18 . 173.9 1.47-  n.s.
Error. (WxS) . 31851.5 270 118.0
. 1 . ' ‘ ,
¢
R e
’ L 4
( AN ‘ Q
\ | . 1
, 1
B ‘,‘ ’4.1 ° i \
‘.41. A . . . -,
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_TABLE

Analysis of Variance Source Table For -

it S UG

]

3

Heart Rate For All Groups Over. Last Five Weeks of

Exercise Program

Source .88
Groups. (G) . . 31015.3
Error 294028.0

. b

.Stages ("s") '150762,0
Gx"s" . 42805.4
Error (TxS) 156033.0
Weeks (W) 41590.9
wa ' ‘ N 8,48802
-+ Error (WxS) 264938.0
"S"xW 9997.2.
> \
Gx"S" xW 21791.0
Error {("S"xWxS) 254705.0

df’

120 1

T 12

360

43

24

Ms

15507.7
9800.9

50253.9

'7134.2
1733.0

10397.7
'1061.0
2207.8

833.1

908.0"
707.5

’

1.58 - n.s.
29.00 <.0001
4.12 <.001
4.71  <.001
" .48 n.s.
1.18 ' n.s.

1028 nisho

)
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53,

There was a Group-by-Stages interaction for heart rate shown

- in Figure 9, (F(6,360)=4.12; p<001). An F-test For Simpile

Effects was used as a post hoc test (Bruning & Kintgz, 1977),

showing tﬁat Matched Controls"and Caged Coﬁtrols"heart rates
did not differ from each other over stages (F(3,360)=.12; p<05).
A second FL?est Fér Simple Effects was éomputed te compare
Runners with the two control groups (Matched and Caged.ContrOLs)
combineada. Results showed Runners' heart rates differed
significantly from the combined Controls' w%3,360)=4.48; p<.0l).
Scheffé's post hoc test (Brumf\g & Kintz, 1977) showed that the
Runners, heart, rates recovered significantly faster than Controls
between Stage 2 and Stages 3 & 4 (C.Diff.=46.92; p<ﬁ5). "While
heart rate was below Baseline at Stages § & 4 for Runners, thfs
was not statistically reliable. ? |
Total Ndmkgr of Squares crossea in the open-field showed a
main effect for time (minutes) as can be seen in Table 4,
(F(1,30)=51.46; p<0001l). This reflected a decrease in sguares
crossed from the first to the second fivé.minutes of each day
shown in Figure 10. Tnere were-no main effects shown for
gays - . or treatments.and no interactions. /Number of Insiae

Squares crossed showeF-a main effegt for time (mlnutes) as seen

in Table 5, (F(l,qp)=l4.48; p<.0007) but there were no main

_effects for the group or aay factors. There was a

significant interaéﬁion betweeh aays qnd time (minutes) as
seen in Table 5 Flgures 11 & l;, (F(1,30)=6.15; p<«. 02): A
Schefﬁe post hoc gnalySLS (C. Diff.=7.99; p<. 001) showed that
animals crossed more inside squares on Day 1l than on Day 2, but

o o

’

IS
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: © L TABLE 4. B -
N : Analysis of Varlgnce ,Sourde Table For
Total ‘Number of Squares Crossed in The-Open-field First \
K < i -~ - And Second Five Minutes Over Two Days o
- Source , 8 af MS E P
‘Groyps (G) © 5274.2 . 2 2637.1 731 n.s.
/ Error. - . 253070.0 30 8435.7 . '
' . B AR ) - . i
Time (T) 129469.0 ., 1. 129469.0  51.46 <0001
© GXT - 1296.6 2 648.3" ‘«26 * n.s.
. Error (TxS).  75481.1 \K " 2516.0 - |
l' ' " .
A o . L ¥ [
Days (D) ' 315.3 1 315.3 .10 n.s.
Gx"s" . 4380.2 2 2190.1 .70 n.s.
Error (DxS) 93958.5 30 Y 3132.0
f.z :
TX"S" | > 31.0 1 31.0 <34 n.s.
GxTx" 8" ~ 3244.1 2 1622.0 1. 78 n.s.
Error (TXDx8) . 27349.9 30 ' g9ll.6
3 ' '
]
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& :
% ' ,
?é. s ’. 1
¢ “+
. 49
:« o u 4 “
b = f'
é;~ v . B



e

of Squares

3

Total Num

t\?r

@
'

9

.\/
R = A—A
MC= @--@
cC= B3
N N
/l
1

)

n ;
Day Day 2
FIGURE 10 o ,
T ——ta . ' ‘
Total number of squares crossed Y
as a function of minutes within aays .
l ! *- l ’ -
‘,, . 4
- v "- . - ’
) *
- NEEE , *
- X
50 .
¢, s

' . o
R s e - ol
¥

1

A

[




TABLE 5 )

Analysis of Variance Source Table For
Number of Inside Sgquares Crossed In The Open-fleld
First And Second Five Minutes Over Two Days

R 4

L
Source ‘ ss af Ms F B -
Groups (G) . 4498.9 2 249.5 . .51  n.s.
Error } 14692.4 30. 489.7
b’ ,
Time (T) 2754.6 1 2754.6 14.48 <. 001
GxT L 243.5 2 . 121.7 .64 ¢ N.S.
Error (TxS) , 5708.7 © 30 190.3
l ‘ . L4
Days (D) 411.3 1 411.3. 1.59 . n.s.
GxD i 1449.2 2 '724.6 2.79 ° n.s. . ~
Error (DxS) 7784.3 30 259.5 ‘ M
2 . S ‘ ‘-
- TxD 761.3 1 761.3 6.15 , <. 02
GxTxD : 238.6 - 2 119.3 T .96 n.s.
Error (TxDxS) - - 3713.9 30 . 123.8 , *
.3 R S
: - ,

51 e T
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only aduring the first five minutes of the days., Also,
animals on Day 1 significantly decreased their inside sguares
crossed over time. There was no significant interaction

?
involving treatments. The Number of Outside Squares crossed

showed a main effect for time (minutes) as .can be seen in Table

6, (F(1,30)=69.57; p<.000l). This reflects a decrease in outside
Squares crossed over time for both aays as shown 1n Frgure®

13. There were no main effects for either the group or day
(replication) factors. There were no signifiéant interactions.
Emergence Time showed a /main effect for days as can be
,séen in Tabie 7, Figure 14, (F(1,30)=22.62; p<0001l). 'There was
a group-by-day 1nteraction, seen in Figure 15, where an F-
Test For Simple Effe’cts was carried out showing significant
differences 1n performance beétween the groups on Day 1,
(F(2,30)=3.70; p<05) and on Day 2, (F(2,30)=3.41; p<05). A

Scheffé post hoc test showed that these differences occurred

between Runners and Matchea C‘ontrols on Day4(c. Riff.=1.19;

p<.05)} Results just failed to reacn significance between the.

performances of Runners and Matched Controls on Day 2, (C.

Diff.=1.19; p>.05'). The differences between Runners and Matched
Controls on Day 2 was 1.17. Individual Scheffé tests were done
for within group complarisons demonstrating thgt Runner§'
Emergence times changed 51gn1ficant'ly over - aays (C.
- D1ff.=.96; p<05) while Matched and Caged Controls' times did
not. This refiects a decrease in Emergence Time for Runners over
days . |

Neither urination nor defecation scores changed

"significantly between treatments or days in the open-fiela

54
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Analysis of Variance Source Table For
Number of Outside Squares Crossed In The Qpen-field

TABLE

s

First And Second Five Minutes Over Two Days

Source .

"§rpups (G)
Error
b

‘Time (T)

GxT
Error
. 1

(TxS)

Days (D)
GxD

.Brror (DiS)

TxD
GxTxD
Error

(TkaS)‘

ss .

. 5843.3
167319.0

100928.0
173.1
43524.9

20032.8
- 1440.2
62602.0

224.1

 1065.7
26116.2

ag

-

2
30

QN

55

ON

M5 .

2921.6
5577.3

Y 100928.0
86.6
1450.8

120032.8
720.1
2086.7

224.1-

532.8

870.5

F
.52

69.57
.60

97

.35

.26

.61 '
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. TABLE 7
. .+ Analysis of variance Source Table For
: Emergence Time
: ' Two Days
' source ss af”
Groups (G) ‘ .é 2
. Error . 47.5 30
» <. b
- GxD _ 14.8 2
Error (DxS)° 35.5 30.
1 ‘ ’ . »
ﬁb
:;‘ )
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no additional stressors such d4s shock or motorized equipment

(activity w;leels, tread mills). Whether this imprgvemeht in

[

caraiovascular fitness ‘_influences measures of emotionality is
Less clear. While Runners did show mnfe rapid habituation to one

of the several open-field measures, other open-field scores vere
s . -

inconclusive.

Heart rates increased for all groups between Baseline and

¢

Stage 2 of' testing. For the Matched and Caged COntrol‘s, the
source of heart rate increase was due to either handling, ‘reward
expectiﬂncy,. or reward, here after to be definea ds psychological. ,

v

DISCUSSION "
¢
) The present study shows that rats can improve in,
cardiovascular fitness with a food-rewarded program that contains ° .
i
¥
'
¢
H
¢
1
S
]
i
Runners, on the other hand,  experienced these same psychological '

stimuli (handling, expectancy or reward) plus the 'physiological &~

S M w e

effects of running, just prior to EKG taking. It is impossible

to know to what degree the increase in heart rate of Runners was

-‘
due to these psychological factors.-.and to what degree the

increase was due to running. This problem has ari1isen because

Runner s never had their EKG's recordea without the confound of

running and -thus their responsiveness to handling, expectancy or

reward alone was not determined. If running contributea to the
heart rate increase in the:fizners, then the psychological

factors might have haa less of an imbaxt on this gréup than on

24

IR w3 PR Sk

Y

the two control groups since the total art rate was the same

'

K

o e ow ke,

for all groups. On the other hand, heart rate may ' 9&‘
. . . /"
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) addrtlveﬁ/thus fhe pqsslple contribution of running to heartﬂrate

. increase would not necessitate a decreased influence of

. psychologieél factors for that measure. If this were the case

r

" .’ then, ﬁTesum@ply, fitness protectea Runners from the effects of

. ‘the. psydtiolodical factors which elevatea heart rate 1in the other
. N . -

. -

two groups. On 'the other hand, if the psychologicai factors had

equal im@act on all three groups of animals, then runnifig
t . K ‘ » : .
- o contr%buted nothing to thle heart rate of Runners. This 1s

possible since the antenslty of running had not been sharply
'lpcreased,durjgg the exerc?se program. Thus animals may have

. -+ -
prov1ded, producrng a minimal -4ncrease 1n heart.rate.

L4

Controls and Caged Controls from the elevat®on 1n,beart rate,

whatever its cause. his‘{s a fitness effect which seems to be

-

¥elated to the exerfise regimen (Keller, 1980). 'To the degree

b.that the incagase heart rate of the Runners does reflect a
response to éxercise, the heart rate'recovery reflects a simple

¥ , 4
:tolerance to exercise stress. On the Othlf hand/ to the degree

* that the 1ncrease in- heart rate in Runners reflects a response to
the psychoioglcal factors of hanaling, expectancy or reward, and
not to‘runnlng 1tseL£,‘the aeceleraﬁed recovery oOf Runners

jreflects a,cross-tolerance, betweer these psycholoéieaL factors
and the pDYSlOlOglcal stress of exércise. Thus %t 18 posslble

' .7  that exercise reduced the response to pSych3logical stress. If

¢

-

50 this could have occurred iﬂhgpe ofﬁtwo ways: either it maae
: -

3

Runﬁers less sensitive in their peak response to pSYCholqgrcai,

. .
. ) . Y .- '
. ,

- N ~ X
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been ‘able to agabt to the level Of intensity of exercise

B Runners recovered significantly faster than both Matcned
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. factors, or it made them capable of more rapid heart rate

.

'\. ) Y ) . .
reécovery. Whether the fltness?minlmlzed peak impact or maximized

recovery requires furth@x\ifsearcn, as does the question of

. - i
whether the heart rate respohses to psychplodﬁcal factors were

a

due to the handling, the expectancy, or the rewara.

It is difficult to evaluate how effective the rgnning

' .,
program was since EKG's were not bequn at the onset of the

&£

prdgram due to unforeseen equipment problems (see footnotel) and

because heart éhte was never measured for Runners in the absence

Y

-
i
e k.

i

of running. It seems unlikelyjthat the running at tﬁa\end of the

program was particularly stressful, since Runﬁ%rs' heart rates

ER

did not exceea those of the control groups. Yet, Runners might

=

-

nave shown an initial increase in heart rate during the early

e 2

part of the prodéamo which by the time EKG measures were begun,

would have dksappeardd due to developing fitness. There is_,/)w

b3

Chead M oh b A v

another pofgxpility to be considered. Running at the end of the

- ] . .

program might have beén stressful but heart rate measures in

w

Stage 2 nmight net have reflected this because heart réges haa

~.

already dropped significantly by the timT EKG equipment was

hookea up. Barniﬁg, Duncan & Thorstensson (1974) have found that

: A

heart rate can significantly drop within five to seven seconas
" , .

after tgrmination of exercise.' Thus, it is impossibuie to-tell

precisely what factors the heart rate response for Runners was

. , L
- composed of. It 1s also p0551b%& that exercise st1ll.%aa some

© ¥

effect on tHe heart rate response of Runners at the end of the
\J 2

progrdh since their heart rate response -to the psychological -

.

factors light have been diminishea due'to the development of
' /

.

e

crcs$—toierance. This cannot be strongly emphaé&zea however, .
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'since there could havg been an interaction effect between the

exercise andwpsychological factors. The faster heart rate

\

recovery *(what ever its cause) shown by Runners at the end of the

study would%seem to support the idea that the program was
J ‘

effective to some degree. Scheuer & Tipton %1977), found thaR
physically fit ipdividuals' heart rates recovered faster than

unfits’'. Running would’Bpt,lead to faster recovery by the-end

v

of the program if it did{nct‘haﬁa some'signiflcant effect during
the érogram.J’It séems most plausible that thi's effect
reéresented, atileast in the early phases, a cardiac challenge of
some sort. In future studies, the/heart rate response to

Y '
exercise sh%i*&w:e monitored,earlier in the program.

Open-field scores in general were not different across

trégzgént groups. That is, running did not affect number ~ of -

¢ - -
squares crossed, whether inside squares, outside squares, ar

total numbér of squares are considerfed. The open-field situation
L' -
\

appears to have been an inadequate stressor for the purpose of
b ’

this experiment, since there wa&s no increase in actaivity after

lnitigi exposure. Scores actually decreased monotonically over”

N

time. under the present ‘conaitions. When the opgn—fiela 1s

clearly stressful, the initial period iﬁ\onefyh which freezing,

urination and adefecation are high while activity is low. 7In
. “~ -

. - , ’
subsequent periods urination and defecation would typical.iy

decrease while activity increases. Walsh and‘Cummihsf(l976), in
thefr critical review of the open~fieid test, have aescribed

various findings which both support and éontest this view. In the

~

present study 1initial freezing and Fubsequeht iqpiease in

-~

' ~ ’ %
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activity were not seen; exploration was hign from gthe start ana

decreased progressively. A more threatening open-field, perhaps

better lighted, or possibly where the animais had_prev1ouély been

shocked, might have provided a more adequate psychological stress

for testing the present hypothesais.

One open—field?score, Emergence Time, did reflect more
rapia hBbituation in tggwRunner group. This fact suggests that
furthet tdsts yith a more streésful psychological variable may be
fruitfultl Interestingly, emergence times in the present study
(1-4 seconds) were much shorter than those/recqrded in other

studies (one or more minutés: ‘Tharp & Carson,.1975). If a more

stressing open-fiela condition were usea and longer emergence’

times were broauces( differences in groups® emergence times might
nawe become more apparent. %W view of the fact that in the

present éxperiment the open-field test was generally insensitive

"
in all of its measures except for Emergence Time, and since Walsh

and Cummins (1976) have reported inconsistencies in results when

this test has previously been wused, , another psychological

stressor might be preferred to the open-field such as heart rate
"4 v '
response to a sudden loud noise, or emergence time after a loud

‘noise or restraint ‘(measuring hypothermia).

Data from the present stuady éuggest that this paraaigm may
‘ \ L ' \
still be .worth pursuing. If reliable fitness could be

Y

established with refinements of this paradigm, it might be a
I R

better analogue of human fitness effects than others which are

currently available (Harpur, ]980), since.it does not utilize

r

punishment such as shock or motorized kunning equipment to

65
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°

motivate the ‘animal. - Thus a true measure of fitness would be

v

achieved without confounding gffécts of the stress of running

with the stress related to those procedures used to motivate the

2

animals to run. Several of the weaknesses discussed here could be

.

readily reduced in future studies thereby'allowing better

evaluation of this poténtial analogue of human fitness.
' ! .

[
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Footnotel Heart rate measures were begun at this late stage

because of unforeseen problems arising with the’apparatus

originally to be used. This less invasive means of measuring

neart rate, by using a tail clip, was found inadeguate due to a
movement artifact. Thus subcutaneous electrodes had to be

implanted at the last moment. '

missing for two'additional measures (those recorded at five and

- ten minutes post run). P
! A Y

Footnote3 fThe eleyenth week of testing was used to collect data

¢
~

-

on serum lactic acid levels which were subseguently stoien and

thus are urfavailable.

Footnote 2 'oOnly four readings were usedlbecauseltheré was data

PN,
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