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Abstract
AN

The power oqutput achieved in and metabolic ad stments

(Voz) to a wide variety of exercisé intensities in rats of different

r -

'aerobip fitness levels was‘investigated. Thirty male Wistar rats

were divided into five groups; sedentary control (SC), exercised-

run wheel (El), exercised"(E2), conditioned-run wheel (Cl) and

.conditioned (C2). The-animals were trained and/or conditioned on

~
-

. o | i . &
a vertical treadmill for 8.weeks. The SC group was traihed_for a

period of 1 - 2 mins., once a week, while the E1 and E2 groups

were exercised twice a week with a-progressive increase ‘in dura-

hd il

tion. The C1 and C2 groups were’ conditioned four days a week to a
B - /

maximum of 30 mhnutes per\day An intermittent test for maximal"

oxygen consumptlon was performed at the end of 'the 7th and 8th

-

‘week. Expired gases were collected from a nose cone and heart rates

~ Ie

recorded. There\was no Significant dlfference in maXimal oxyggn
s -

.'consumptfgn between groups However, the slope of the linear ‘re-—

gression lines for‘VOé and power output was steeper (p<0 05) . for
. -

the conditioned (C1 and C2 pooled) as compared to the non-condi-

' tioned (El E2 and sC pooled) groups. ThlS suggests that an adapta-

| S

o h *

tion in the conditioned group hasg occurred. At the lower power

outputs, thé rats' heart rate increased rapidly to near~max§mal values.

Since VO' continued to rise at¥ower output lévels above the levels

where heart rate has: levelled off, the increased VO2 must be achreved

by enhanced extraction at the tissue level. Therefore, the different

slopes in conjunction with similar maximum V02 values for the differ-

tent groups suggest that the rat may not be an ideal model for man

when studying exercise adaptationsyincthe oxygen transport system.

v

2
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- INTRODUCTION \

v

For ovér 100 years, the domesticated rat has been used for
scientific studies in Eﬁrope. The Norway rat (Rattuﬁ norvegicus)
was the first animal to be domesticated for the sole purpose of .
scient}fic rgsearch (Richter; 1968) . Adolf Meyer imported the
domesticated rat to North America for studies on the brain -in
1890 and shortly thereafter, H.H. Donaldson recognized their
potential for scientific -research and established the famous
Wistar colony in Philadelphia (Richter, 1968).

(:7 " The use of animals.such as the labdratory rat in research
allows a range of manipulation of both depenéent a;d iqdependent
variables, which is often inconvenient or impossible, either for

s practical or eph%cal reasons, when studying humans (Plaut, 1975).
Experimental variables of i%?erest can be manipulated a great
deal with animal populatiog; along'with some other.factors which
otherwise yight affect the outcome of the\studyt Ready access to
tissue samples e.g. brain, heart, liver, etc. froﬁ the rat are

not normally permitted when researching with humans (Plaut, 1975;

3

rLane-Petter,“l976). Furthermore, the undertaking of longitudinal

_studies as wel; as replication and the extension of prevfbus work
is de possible because of the short-life span (approx. 3 years)
and/growth period of the rat (Richter, 1968, Plaut, 1975; Roberts
ana Goldberg, 1976); Of particular advantage the rét‘s size and

economy as well as its high resistance to infection, makes it én

ideal model for surgical and physiological studies (Richter, 1968;

Plaut, 1975). o



The taboratory rat has bheen used for some time in the
medical scicnces. Ity dietary needs are very similar to those of
man, thereby providing discoveries ot the nutritive value ot

vitamins (Matschiner et al., 1967; Bieri et al., 1969). vVarious

ey

strains of laboratory rats have also been bred in order to study

cardiovascular diseases (Okamoto, 1964), \ypertensxon (Koletsky,
~ .
1973) and obesity (Bray, 1977). The rat has many other medical

'
1

applications such as clinical investigation of diseases, cancer
research, drug research as well as the study of endocrine function

and environmental factors.
|

Until recently, research in exercise physiology has been
conducted solely on Humans. However, this situation has changed
considerably over the past ten years with animal research no@
beiﬁ% carried out frequently (Oscai ané Mole, 19755. A substantial

number of studies have examined the acute and chronic éffects
of conditioning on enzyme activities (Saubert et al.,1973; Hollozy
et al., 1975; Hickson, 1976; Jobin, 1976), ligaments ana tendons
(Tiptop et al., 1975; Booth and Gould, 1975), musScular hypertrophy
(Goldberé et al., 1975; Baldwin et al., 1977), teméerature regu-
lation (Bakér and Horvath, 1964; GoLgnick and Ianuzzo, 1968;
Popovic et al., 1969), hormones (Trenkle, 1974; Gollnick and
Iangzzo, ;975), proteins and nucleic acid concentrations (Wilkinson,
1977), muscle structure (Bowers, 1974; Cosmas aﬁd'Edington, 1975)
and many other variables using the rat as a model.

An underlying assuﬁption when dealing with animal modeis

such as the rat is that it is possible to obtain data on animals
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and theh extrapolate these:findihgs to‘humahs (Oscai and Mole,
1975).fIn many cases howeter, generalizabiiitf from animal
studies may not'always be possible and'therefore may just.
1hd1cate research needed with huhan subjects (Hardln 1965; Oscal

and Mole, _1975). If exercise phy51ologlsts are to- extrapelate

to man the data whrchehas been obtained -on thé laboratory rat during
exercise, then it 1s necessary ‘to show similarities between thetrat
and man. Only in thls way can the rat be thereby justlfred as an

~

adequate ‘model for research 1n this area.

b Although the restlgg heart rate of the rat is approx1mately .

flVe times that of man, research has shown that bradycandia with

endurance condrtloning occurs in the rat O%arnard et al., 1976;

r

Tipton, 1965; Lin and Horvath, 1972) as well as in man (Sutton

. . ‘ \
et al., 1967; Frick et al., 1967; Ekblom et al., 1973). The heart

- rate (Jones et-:al.,: 1960) and metabollc adjustment (Shepherd and

Gollnlck 1976) of the rat to submaximal steadytstate exercise
is very similar to the pattern observed in man (Mathews and Fox,
1976). Shepherd and Gollmryk (1976) have shown a linear increasé

in oxygen consumption-with wdrk intensity (running speed) up to

maximum in the rat. This relatiohship is well established in

" humans (Astrand 4nd Rodahl, 1970; Mathews and Fox, 1976). Barnard

et al."(1974) reported a decrease in maximum heart rate with

aging in the rat, which corresponds to the decrease in maximum

v

heart rate seen in man with increasing age (Shepherd, 1968;

Robinson et al., 1976).

During an exhaustive run it was shown that heart rates in

£

TN



the rat were significantly higher than the rates recorded at a

v

submaximal endurance,.run (Barnard et &l., 1974). This is in agree-

ment with Saltin@é’(l@64) data for humans. A graded treadmill

‘test for rats devélopéd by Wranne and Woodson (1973) showed a
linear increase in heart rate with an increase in running speed
“.._and/or gradient; a well known phenomenon in man (Astrand and Rodahl,

1970}\Ma€hewsyand Fox, 1976). These results are contrary to.the
.. _i.';.)f ‘ .

-findiﬁ%s offBarnard et al. (1974) who observed heart rate responses

to various levels of exercise which are quite different than the

response observed in humans: A closer look at their data (Barnard
‘et al., 1974) revealed some.interestihg fiﬁdings. In éalculatiﬁg
the percentage of maximum hgart‘rate at submaximal levels, they
suggesfed that the relative changé in pgart rate is from zero
beats/per minute to the submaximal heért'rate and the range of
maximum heart rate ;s from zero to maximum. In doing so, they aré
implying that the range between zero and resting is a functional
porEion of the increase and therefore inflate the calculated
pefcentages. Wranne and WOoason (i973)‘on the other hand usgd the
relative change from resting heart -rate to submaximal hea;t rate
and resting haart rate to mgximum heart rate as their fuﬂctionai
ranges. Therefore, »heir-(B?rnard et ai., 1974) reported value of
80% maximum Leart rate at the lowest power output (13.4 meters/min.)
is dramatically reduced to 50% when utilizing thé functional range
of Wranne and Woodson. Thus, with applicaﬁion %ffﬂpanne and Woodson's

functional range to the data of Barnard et al. (1974) a linear

relationship between heart rate and running speed exists.
3 Cad
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Blood lactate levels at maximum work for the rat (Wranne
ahd‘Wood;on, 1973) resemble concentrations éhat are observed in
mAn‘at'haximal work (Astrandland_kodahl, 1970) . According to
Popovic et al. (1969) the stroke volume of the rat‘during exercise
dogs not iﬁcrease.léimilar resultsware reported iﬁ man QA;n

- T i
miscular work is performed in the supine position (ﬁéiﬁ%ton and

Edgerton, 1976), the heart is in a similar position in the rat

during exercise on the horizontal treadmill.

-]

=

Although the rat's capacity té dissipate heat appears to
be poor; a graded effect on b;dy temperature during exercise to
exhaustion (Gollnick and ianuzzo, 1968) corresponds to -observed
values reported for humans (Robinson, 1963) .

Along with the changgs that gécdf—iﬁ the cardiovascular
system, major biochemical adaptatiéns can ‘occur in skeletal muécle
with conditioning. MammAiiqn skeletal muscles have been classified
by a nﬁmber of difféfent systems during'the past fifteen years
(Cl;se} 1972). The classificafion schemé ;tili;ed by Peter et al.
(1972) seems to be the most functional. They classify muscle fibers
as fast-twitch-glycolytic kFG),'fasﬁ—twitch~oxidative—glycolytic
(FOC) ana slow~twitch—ox%dative (SO{ according to.contractile
speed and me;abolic proéerties. There are a few basic metabolic
diffgrences among the skeletal muscles of the rat and human. In
man, the 50 muscle fiber has the highest oxidative potential,
while, the FOG has an intermégiate oxida#ive potential lying some-

where between the SO and FG fibers (Holloszy et al., 1975). Thé

S0 muscle fiber of the rat on the other_hand has intermediate



ox1dat1ve potential with the FOG fiber being the most oxidative

9

(Holloszy et al., 1975). It should bea901nted out that the flber

-

composition of human skeletal muscle is heterogeneous in nature.

Whereas, lnathe rat a number of muscles such as the soleus and
Sy | ‘ |
plantaris a£e relatlvely homogeneoulen thelr fiber composition.

~ & .
Although this appears to be a disadvantage in attempting to

'extrapolate from‘rat to man, it allows, the researcher an oppor-

* tunity to examine the relative effect of various conditioning pro-

tocols on certain fiber type populations (Hoiloszy and Booth, %976%.
Holloszy (1967; 1973) has shown ehat major bigchemical
adaptations occuf in skeletal museie of the rat with endurance
conditioning. A finding of similar biochemical edaptations has'been
confirmed by Morgan et al. (1971) for human subjects. Depletion of
glycogen stores has been reéorted eo occur. in both nat (Gollnicg
et al., 1970) and man (Lappage, 1969; Taylor, 1971) during prolougedv
exercise. Free fatty acid utilization and uptake as well as thel;
release from adipose tissue has also been shown to be influenced
by prolonged -activity in both rat (Jones and Havel 1967). and man
(Hagenfeldt and Wahren, 1971). ManX investigators have reported
an increase in skeletal muscle’glycoéen content for rats (Groliman,
1955; Gollnick et al., 1970) and man (Bergstrom and Hultman, 1966;
Lappage, 1969) following regular conditioning programs. An increase
in total mitochondrial protein due to increases in‘the.size and
number of mitochondria, has been reported in skeletal muscle in

both man and rats (Holloszy and Booth, 1976).

From the substantial number of comparisons that have been

A

/
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pPresented, it is suggested that the laboratory rat is an excellent
experimental model for research in exercise physiology.

Exercise physiologists have émpldyed running and swimming
| NN

programs most frequently to evoke a conditioning response. The motor-

driven treadmill (Critz and Merrick, 1962; Andrews, 1965; thtia

et al., 1966; Koniski, 1966, Brannon et al., 1968), running. wheel

(Wells and Heusner, 1971) and exercise drum (Jenner abd Byrd, 1974; .

Shepherd and Gollnick, 1976) are the most common modes for running:*
] . - .

the laboratory rat. Méhy laboratories use swimming as a form of
exercisevwith the addition of weights as a means of standardizing
the workload (Déwson and Hogvath, 1970Q).

Quah;}fication of the work done,b?céach animal while

. . k4 .
swimming is unknown and m e influenced by a number of factors
_ . B - . o
(Griffiths, 1960; Baker and Horvath, 1964a; McArdle, 1967; *Hardin,
. H

1968) .. Treadmill running, exercise drums and running wheels provide
some, control over the speed at which the animals are to train,

IR ) '3 . ‘ ) .
however, because of the horizontal component the amount of work

or power output actually performed is difficult to calculate in

physical terms (Hardin, 1965).

Resgarchers have employed various coqditioning protocols
over the past ten years and have shown a number of physiological
chang®s. Tablé 1 represents a number of conditioning protocgls\
that have been reported in the literafﬁge. éufew authors (Baidwin
et al., 1977) have made an attempt to just%fy tﬁe condition;ng
protocol used, however, the majority give no rationale for the'

13

selection of the speed, incline, frequency and duration. Often
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important information is not reported, thereby making c®mparlsons

between studres extremely dlffrcult (see Table 1).

If the prlmary objective of a conditioning program is to
achleve optlmal lmprovements in a selected variable then appllc—
tlon of the progreSSLVe overload prlnc1ple 1s .essential (Mathews
and Fox, 1976). With endurance conditionlng'the,intensity of the pro-
gram rather‘than‘the-duration has been reported to elicit the
greatest lmprovements (Shepherd 1969,pWenger and Macnab 1975)
Astrand and Rodahl (1977) have stated that "an adaptatlon takes
Place to a given load; in order to achieve further 1mprovements,

the training\intensity has‘!o be increased."™

A common procedure‘is to progressively ingrease the speed

., of the treadmill and*duration of the run during the' first few

;

. weeks and then to maintai%lthe animals at a selected speed and

~

duration throughout'the remainder of the experiment. Whether the
procedures employed by most researchers (See Table 1) progre531vely
overload the rat throughout the entire duration of the study is

questionable. If the intent is to compare thevadaptation of con- "

ditioning and/or exercise between the rats of various studies or

o

to extrapolate to man, then the relative intensity of the conditijon-

ling program should be known; The determination of: the precise
power ontput the rat is performing on the horizontal tread&ill is\
L . _ :
serlously confounded by the horizonta omponent of:rdnning and/or
gait!changes. : 3 .
A vértlcal treadmill has been designed which allows the
power output'performed by)the rat to be measured (Russell et al.

XN

oy



-

1978) . 'Along with the measurement of oxygen consumption (considered

the best measuf% of aerpbic metabolic raté) researchers will be able

rate responses to differerft

_the capability to qu‘ the conditioning stimulus. This will in

turn improve the generalizability to humans during exercise.

The purpose of the study is:

. _ o . R
To determine the relationship between the power outputs
achieved in and heart rate and metabolic adjustments (VOz) to a wide

variety of conditioning intensities in rats of different aerobic

fitness levels.

‘Terminology

Maximal .oxygen consumption -.the maximal rate at which oxygden can

O 4
7

- N ( K R .
consumed/minute,

o

',thput - performance of work expressed per .unit of time.
Traini;g - activ%ty designed to teach a particular skill.

Exercise.— any éhysicél activity.not intended to improve skill,
;trength or gpdur;ncé,‘but to maintain these.

Conditioning - acﬁivity designed to imp;ove the physical'performaﬁce

‘'such as’ strength ér endﬁrance, as opposed to skill.

°

loads can be determined; it will enhance -

10



METHODOLOGY ‘ , ‘ N o

ANIMAL SELECTION AND CARE

Thirty male Wistar rats ( WOF (WI1) Spécific pathogen frée
CFN) approximately five to sgven.weeks of age.were ;btained through
the Director of the Health/Sciences Animal éenter at the University
of Alberta from the Hoodlyn Farms, Guelph, ontario. Upon%grrival,
the animals were randomly assigned to one of five groups, a control
group (SC)( two exercised grougs_(El and E2) and two 9ond1tioned
groups (Cl and C2). The contrql groub (SC) was essentially given no.
exerc;se;'alghough they were exposed to,ﬁié,t;Qthill once a wéek.

The exercised group El was exercised on the treadmill twicé_a week

and had voluntary accegs to a running wheel (see Fig. 1). whereas,

.

FIGURE 1 VOLUNTARY RUNNING WHEEL

n
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TABLE 2 " DESCRIPTION "OF EXPERIMENTAL GROUPS
. AND NUMBER OF ANIMALS ASSIGNED
© TO EACH CONDITION-
ANIMAI, GROUP C NUMBER OF ANIMALS
' (N)
1
SC” - - Sedentary control group . , 10
- (no_ exercise)
. \
§ ‘ v
El - Exercised group (exercised on treadmill 5
twice a week, access to runnlng wheel)
E2 - Exercised group (exercised twice a week 5
on a treadmill) P
Cl - Conditioned group‘(conditioned 4 d/wk. i 5
on a treadmill, access to running wheel)
G2 - Conditioned group (conditioned 4 d/wk. . 5

N on a treadmill)

+

Althowygh this group is designated as rece1v1ng no exerc1se, they
were exposed to the treadmill once a week.

exercise group E2 was exercised only twice a week on the treadmill.

Both conditioned groups Cl and C2 were conditioned on the treadmill

four days-a week, however the C11group had voluntary access to é -
running whéel (see Table 2). The animgls were housed in standard
9" x 18" x 6" cages. Animals in groups El and Cl (Table 2) wére
exposed to the runﬂipg wheels on glternate.days because of a limited
number' of running wheels. —

Purina rat chow containing 23% crude prdtein and water was
provided ad libi£um. All animals were given a week to adapt to the

new environment which included a reversal of the day-night cycle

(light 6 pm. to 6 am.). Weighing of all animals in groups SC, E2



13

and C2 was carxried out every 3 to 5 days (see Appendix B-1). Animals

in groups El and Cl were weighed every day (see Appendix B-1).

1 Y
Each morning, the’cages were rotated on the cage rack, soiled papers

in the running wheels were changed‘and food and water replenished.
DESCRIPTION OF TREADMIDL o ‘ -
- The animals were trained and conditioned on a vertical
treadmill (rotating ladder) consisting'of‘B/B" roller chains, 1.11°

meters in length, connected by 3/10" rods wiﬁH a 3/4" pitch (see

Fig. 2 aﬁd Fig. 3); The ergometer is powered by a General Electric/
’ )

D.C. variable speed motor which allows the e}pefimeter a constant
'speed range of 5.7 to 17.4 meters per minute. Small variatigné in \
.verti;al elevation are possible with é";ange:pf 63° to 90° (see

o : 3 T _
Appendix C). Motivati&nbto run was provided by a compressed éir‘

jet, which was hand-held at the bottom of the tZS4dmill.
TRAINING PROTOCOL

At the end of the adaptation week, all animals'were_givenﬁ
seven days of orientation to climbing on the vettical‘treadmill.‘
Following this brief orientation; the max;mum heart rate was deter-

mined for each animal by progressively increasing the speed until

no further increase in heart rate occurred. For the remainder of

\\fhe study, the Sedentary control group (SC) was trained for a'period/

of 1-2 minutes once a week (Sap.), while the.exercisé groups El and
\

E2 were exercised twice a week (Wed. and Sat.) with a progressive e

increase in duration (see Appendix D-1). The conditioned groups

Cl and C2 were conditioned four days a week (Mon., Tues., Thurs. and

N



¢

Figure 2 Front view of vertical treadmill

S

[

e

Figure 3 Vertical treadmill and equipment for the
measurement of expired gases (A, vertical treadmill;
¢ B, flow meter; C, mixing chamber; D, vacuum pump)

L
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Pach conditioning day consisted ol two gessions of pro-
gressive duration up to a maximum.o! triftoen minutes for mozit
.
animals (sce Appendix D-2). The morning sessions were held
B ! .
between 0700 and 1000 hours and the afternoon sessions betweoen

1400 tb 1700 hours.

In am attempt to progressively overload the animals in
groups Cl, C2, El and E2. a criterion heart rate from 580 to 610
.beats per minute Qas chosen fer each animal.. As the maximum Beart
rate decreased with aging, the criterion heart rate was reduced
to a range of 570 to 590 beats per minute. The speed of the tread-
mill was therefore adjugted to maintain the ahimal at the criterion

o

heart rate (see Appendix H) so that the same relative ihtensity

Q
was maintained throughtout,

Sincé précise measurements of power output will.enhahce
the capability to quantify the training stimulus, a pilot study
was carfied out in an attempt to determine the steepes? incline,
animals could manage and still have a sufficient duration of exer-
cise. From 69O to 76o there was little difference in running times.
However, longer running times were found to occur at 76° than- at
Steepér grades. The‘gmall angular difference allows the rat to
exercise on the treadmill without having his center of gravity
outside his higd feet.\Therefore, the overhead work of maintaining
this position is minimizéd. The vertical distance travelled is

determined by finding the sine of angle theta (8) times the distance

travelled (Mathews and Fox, 1976). The sine of 76o is 0.97, however



A

igcreaéing the incline to 90° only .increases the sine 8 to 1.00.
; o . . o . .

.Therefore from a physical point of view, 76 will allow precise

measutrements of vertical distance travelled as well as prdvide a

sufficient duration of exercise. ¢ ’ k IR ;

’ WL

EXPERIMENTAL DESIGN

=

In fhe present study, five groups of experimental animals
were selected (T%ble 2). The number of traini%g and conditioning

. , - : .
days, access to running wheels (for some animals) and a variety

© I

of conditioning inténsities-were'emplsyed in an attempt to obtain
“'a wide ranée'of maximal oxygenlconsumption'values.

i Aﬁ iqtermittent test for maximal‘oxygen cohsumétion was
perfdrmed at the end of the seventh week. Thesduration of the
study depegded upon the animals réacbing asyﬁptétg of maxiﬁal
oxygen consumptipn( iqspite of/gﬁaitionéi‘conditioni;g. A ievelling

. . .
off criterion of 5% or 1&éss over a one week period waslgstablished
for termination‘ofothe studii At the end of the eighth week, all
but two(animalé showed a‘leveiling off of maximal oxygen conSumptionz
The reﬁaining 2 animals‘showed a levelling off.at the end of the
nineth week.

At the end of the ninethuweek, three animals wére trained to;
run on a horizontal treadmill (Collins) consistlng of a wide endless
belt on rollers‘divided into 5 compartments. Motivation to run was
prévided by a comprgssed air_jet, wnich was hand-held at the back
of the compértment. Akter three consecutive tfaining days, a sub-

maximal oxygen consumption test was performed. The animals ran at

a variety of speeds and inclinations for a duration of three minutes



each (Table a) ..

DETERMINATION OF HEART RATE

|
pDuring the week of adaptation, two electrodes were placed

on each animal for determination of heart rates. The rats were anes- o

thetized lightly with halothane using a Flugtec 3 vaporizer. Two

stainless steel 3-0 monofilament sutures were placed pilaterally

on the back of the animal approximately one inch from the/dorsél

r

midline and just above the scapula (Eisentein and Woskow, 1958).

When heart rates were recorded, two Mueller‘#34c alligator

]

clips soldered to a length of Belden $8429-10 twisted cable were
[ " o A '

clipped to the sutures ¥n the animal's back. EKG paste was applied

to the ends of the alligator clips to provide a better conductive

medium between the sutures and clips. The leads were then cénnedted

o

to a Sanborn 350-3200A ECG Preamplifier. For the purposes of the

conditioning sessions, aﬁétorage oscilloescope was connected to the

oqt?ut of the ECG preamplifier (see Fig. 4).

&=y

VERTICAL PREAMPLIFIER ~ QSCILLOSCOPE
TREADMILL

FIGURE 4 A SCHEMATIC REPRESENTATION OF THE APPARATUS
FOR DETERMINATION OF HEART RATE



//
. "4 1‘
Heart rates were recorded during basal conditions, resting in the
cage,, pre-exercise and during exercise. Basal heart rates were re-

corded during the light portion of the daily cycle. If at all

possible, care was taken to not awaken the animal during the mea-

"

sureﬁent of basal heart rates.

DETERMINATION OF OXYGEN CONSUMPTION

.For the collection of the ekpired gases, a nose cone (éee
Fig. S5 and 6) was developed (open‘;ystém). Its operation depénded
upon a negative pressure with ;he air drawn through by a yacuum

L3

pump., A}r flow was measured by :a Matheson 0.200 - 20 liter flowmeter
‘(see Fig.h3)..The rate of air flow was set at 5.5 liters ;er minute.
The air>samples were immediately anglyzed by a Beckmgn metabolic
cart. A SOO/hl. aliquot of air was sampled from the mixing chamber
(see Fig. 3) and analyied for %02 and %coé by means of an OM-11
oxygen analyzer and a LB-2 carbon dioxide analyzer. Reference gases
of a known concént}ation (Consumer' Welding Supplies Ltdf) were
used for éélibration“of the gas analyzers. The total response time
of the system w;s eight seconds. Calculation of oxygen co;sumption
was corrected for STPD.

Maximal oxygen conéumption was determined by a discontinu-
ous treadmill test, The animal climbed for ur minutes, followed
.by a rest pégiod of approximately 10-15 minutes. The treadmill speed
‘was then increased and the procedure repeated. Expired gases were
measured throughout the test until an asymptote occurred or a

decrease in oxygen consumption was produced with increased power

output.

19
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Figure 5 Collection pof pre-exercise oxygen consumptions from
a rat on the vertical treadmill

>

Figure 6 Mask utilized for collection of expired gases
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DETERMINATION OF POWER OUTPUT

The power output performed by the animal is reported in
SI units (watts). The following equation was applied to calculate

the power output (Russell et al., 1978) :
. =3 .
" P=W=xVx 93.80 x 10 X Sin ©

where: W is the animals'weight-in gfams.

V' is the ladder veloci# in meters per second.

<r

8 is the angle betwéen_the_laddér surface and horizontal.

STATISTICAL ANALYSIS

A one-way gnalysfs of variance {Winer, 1977) was carried

out on the data to compare grcoups. The Newman-XKeuls tést was used

as‘a‘post hoc procedure to locate 'significant differences between

22

group data which was pooled into either conditioned‘or unconditioned . 

groups. Group regression lines were cdalculated using all data

N

points from each animal (up to VO2 max) . A test for ﬁomogenity of

~

regression was used to test the slopes of the regression lines for

/

the ‘conditioned (Cl and C2 pooled) and unconditioned (El, E2 ana

'SC pooled) groups. An alternative method for calculating the group .-

+ .

regression lines was- used (post hoc), where the slopes of ‘the .
. 7
individual regression lines (Appendix E) for each group were

y
’

averaged (see Addendum) . Significant differences were accepted at
the alpha level p is less than 0.05, where p is the probability

that no difference exists.



Results ' ' >

-The results are summarized in tapular and graphical form
representiné the mean values and staddard error of the mean (SEM) fo;
eech g:oup. Raw data of the dependent'variables for all experimental
animals can be found in Appendix B. Individual regression lines\for
‘oxygen consumption (l/min).end power output for each animai is
located in Appendix E. Tables of statistical analy51s and post hoc
procedures are located ln Appendix F.

Body weights'increased with growth‘throughout the experiment
with no difference between groups at the beginning of the condition—
ing progrem,(fig. 7).dThe Sedentaty control (SC) ‘and exercised (E2)
group showedjxhe hlghest body weight at the end of the experlment

and were not different from each otHer (p>0.05). In descending order

- the exercised~run wheel (E1), condltloned (C2) and conditioned-run

s Ty -

wheel (C2) were dlfferent from the former two groups and from each
other fp<0.05) after 58 days (Fig. 7).

' Maximal oxygeh,consumption/unit body Qeight is illustrated in -
Fig. 8. The kxercised group (E2) hae a siqnificantiy louer maximal
oxygen ‘consumption: (ml/kg/min) than the sedeptaty control kSC)‘end
\tﬁe conditioned groups (cl and C2). There was ng difference (p>0.05)
among groups inyuaximal oxygen consumptioh whed’expressed'in 1/min. "’

?heylipear regression lines for the oxygen consumption (l1/min)
end power output for edch experimental gioup is shown/in Fig. 9. .,
The‘slope‘for tbe conditioned groups (Cl and C2 pooied) wds steeper

(p<0.05) than theé slope for the non-conditioned group (SC, El and

E2 pooleqd).

23
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Table 3 Heart rates at different levels of activity obtained from
the rats during the 2nd and 8th weék of the experiment

/

Basal Resting - Pre-exercise Maximum Paroxysmal
(asleep) in cage . ‘ Exercise Tachycardia
2nd- 407 (8) 447 (6) " 504(25) 647 (25) 844 (1) .
week +10 21 4 . . +3
8th 300(5) 354(4) 403 (20) ~ 597(20) - -
week 8 12 5 +3

% t SE (N) ;
' There was no significant difference in pre—exercige oxygen
consumption (Ql/kg/mini for the experimehtal éro;ps (Appendix B)
Heart rate data obtained from rats dufing the 2nd and 8th
Week of the experiment is shown in Table 3. Méximum heart rate
Adecreased (p<0.01) from 647 * 3 beats/min. during the 2nd week té~
596 = 3 beats(min. in the 8th week of tHebexpérimeht. There was no
significant differenée in maximal heart rate between the experimental
groups at either the 2nd or 8th week. Prg-exercise heart rates de-
creased (p<0.01) frém 504 + 4 beats/min.hduri;g the 2nd week to

403 % 5 beats/min. in the 8th wégk. iﬁgre was no significant difference
in the pre;exercise>heart rate between the experimental groups ip '
eithex the 2nd or 8th week of the experiment.

The'resting heart rates recorded in the cages‘:after one-
half hour re§t decreased (p<0.0i) from 447 % 21 beats/min. in ﬁhe
2nd week to 354 £ 12 beats/min. in the 8t5 ;eek. Basal heart rateg

whiie the animals were asleep also showed a decrease (p<0.01) from

407 * 10 beats/min. in the 2nd week to 300 '# 8 beats /min. in the 8th



"week of the experiment.

Figure 10 shows the_relationship between heart rate and
power output for the different experimental groups. At the lower:
power outputs, the rats' heart rate increased rapidly to ﬁeaf

maximum values and then plateaued.

Horizoﬁtal Treadmill Exercise

Submaximal oxygen consﬁmption and heart rate values obtained
while selected animals wefe running on the horizontal treadmill
are shown;in.Table'4._Oxy§en con;umption and hearg rate increased
progressively when speed was'heia conspant and grade elévated or
vice versa. The powe£ output was calculated from the vertical ]
component only and doeé not include the horizontal component of

running.
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Discussion

Body weight progressively increased throughout‘the duration S
. - o ,
of the study in all experimental groups (Fig. 7). This observation

has been well documented in a variety‘of‘conditioning,and exercise

programs such as isometric conditioning (Zika et al., 1975; Exner ’ /

”et'al,J 1973a ana b), sprint conditioning (Staudte’et al., 1973;

-Houston and Green, 1975 chkson et al l976a),‘endurance condi-

r . -

tioning (Baldwrn et al. 1975- Huston et al., 1975; Muller, 1975).

Houston and Green (1975) suggested that an appetite~ suppre551ng

’effect,occurs when rats are subjected to a vigorous conditioning

~

program. This effect may combine with an increased energy expendi-

2

ture thereby resulting in a smaller increase in the body weightsl

. ™.
o . " : =,

of the exercised énd/or conditioned groups.

At the conclusion of the present'study, the group. that
exercised once a week (EZl—dld not differ in body welght from the

3

sedentary control group. However, the other experlmental groups

had srgnlflcantly lower body welghts than the E2 and SC groups
and were also SLgnlflcantly different from each other, (Fig.. ‘7).
The experlmental gra'p exp05ed to the greatest amount of total

23
Work (c2 : condltloned run wheel) dlsplayed the least welghg.)
galn followed by ‘the conditioned (Cl) and exerc1sed -run wheel (E1)

groups respectlvely. It appears that body weight changes are not

only dependent upon the age and sex of the animal but alsomupon

the intensity, duration and total work of the exercise and/or.

conditioning program. <

The most popularly used procedure to evaluate the intensity

31
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or quantity of metabpolic overload in an exercise bout has been

. . . : : . N @;
the measurément of oxygen consumption (Scheur and Tipton, 1977).

LS

eflects the eﬁficiency of uptake, transport and utilization of

oxygen oy the*caiéiorespiratory and muscular systems.. The maximal

" oxygen ¢C nsumptjoh yalues observed in the present study fanged from

64.4 to .7 .m /kg/m&n. (Fig. 8). The'experimentai group -that- - p - 5

exercised (E2) tw1ce a week had a 81gn1f1cantlytlower maximal
oxygen consumptlon than the sedentary control ( C) and condltloned

o

groups (cl and C2). There seems_to’be no appareng reason for the

.

lower values obtained from the E2 group.as compared to the

¥edentary controls. There was noyeignificant difference in makimal
oxygen consumption between the other experimental groupe in
spite‘of substantially‘differen amodnts of chronic exercise. *-
The values reported in this study are sllghtly lower than those
preVLOusly reported in the literature for rats running.on a
tfeadmill or running wheel_ Wilson et al. (1978) reported maximal
oxygen consumptlon values of 91 + 2 and 87 * 2 ml/kg/min. for
uneondltloned male and female rats respectively. Shepherd and
Gollnick (1976) reported a ma¥imum value of 95 % l.4.ml/kg/min.’
for male rats cohditioned five days a week for a period of six
weeks. A number>of possible reasons exist'for the higher values
reported in’ the llterature. For e#ample, Wistar .rats were used

in the pre;znt study, whereas Shepherd and Gollnick (1976)
selected rats‘from the Sprague-Dawley strain. Wilson et-al. (1978)
chose Okomato-ARoki as well as\Spragoe—Dawley rats for their study.

The type of ergometer utilized to obtain maximal values was different

in each\study. Wilson et al. (1978) employed a horizontal treadmill



while Shepherd and Gollnick (1976) used a motor-driven running wheel.

<

In the present study, a vertical treadmill was used which required

a climbing motion'father than a running motion. Both Shepherd and

) . . <~ »
Gollnick (1976) and Wilson et al. (1978) failed to report their
~values corrected to S.T.P.D. (Standard, Temperature, Pressure, Dry,

e.g. 760 mmHg., 0® C.): This 'was likely an oversight. However, if

the reported values were not corrected to S.T.P.D., the differences

"in maximal oxygen‘consumpt;on between- this étudy and the ggported
ones would not exist. The maximal oxygen consumption values reported
for swimming rats range from 55 to 80 ml/kg/min. (Baker and Horvath,
l964b; Kraﬁzihg and Mark. 1967; McArdle, 1967; Dawson and Horvath,
1570); These reportedvyaipes are loweq'thanvthe observed values
ithhé present study. It is difficult to compare'swimﬁing to

running since the physical quantification of the power output

while swimming is very difficult. Mchrdle (1967) has suggested

it

‘thdt the'addition of weight to the swimming rat does not increase
the ox;gen consumption but actually reduces £he ability of the
animal to exchange gases at the surf#ce.’The loWef valﬁes of

. Lmaximal oxygen consumption obtained while swiﬁpipg would suggest
that swimming lends itself to submaximal exercise programs but
is less suitable to overloads of near maximal intensity.

Since ;here was essentiaﬁg} no difference in maximal
ox&gen consumption between experimental groups, One could conclude
that the conditioning-program produced no change in the aerobic
capacity of the’rats. However, when the slopes of the' regression

lines for the conditjoned (Cl and C2 pooled) an@ non-conditioned

(sc, El and E2 pooled) groups are compared, they differ significantly




.

- i )
(Fig. 95u This suggests that an adaptation in the conditioned
group has occurred. A possible explanation is that at the Higher
power outputs the conditioned rats were able to meét the inc#easea
demands throuéh increésed aerobic catabolism whereas, the non-
conditionéd animals derived a éreéter’éercentagi of the required
energy to perform the work from anaerobic éources.'This could

" imply ﬁhat chronic conditipning,as»performeq in this study, eliciﬁs
an increased emphasis on agrobic metabolism atihigher pqwe; out-

puts rather than an elevated maximal oxygen‘consumption. In man

\ . %

oxygen consumpticn at submaximal power outputs are very similar

but the conditioned athlete is able to extend his oxygén consump-

=

" tion. The different slqpes (also 'see Addendum)  in conjunétidn‘with

similar maximal oxygen consumption values for the different groups
: i ’. T e

-~

suggests that the rat may not be an ideal model for man when

4

studying exercise adéptations in the oxygen tr: rt system.

o

Pre-exercise oxygen congympﬁions were hi%#er (34 * 2 ml/kg/
min.) than most values reported iﬂﬁﬁge literaturé (Kratzing and -
Mark, 1967; Pop?vic‘% al., 1969; Shephexd and Gollnick, 1976).
Since the rats were accustomed tq:Qearihg‘the mask only when
placed on the treadmill, it is suggested that they‘were anticipa-
ting the start of exercise. This is consistent with the eleyéted
resting oxygen_consumptions reported by Shepherd and Gollnick
(1976) and also with the anticipatory rise in colonic tempe re
of fats prior to exercise reportéd'by Gollnicklénd Ianuzg£o—(1968).
Also the mask itselfvmay»precipitate elevated metabolic rates

in contrast to the chambers used traditionally.

The individual regression line for oxygen consumption

34



—  —amd power output indicates that a linear relationship exists

~r

e

(Appendix F). This is consistent with the findings in man (Mathews
land Fox, 1976). The adjustment to éubmaximal steady staté exercise
in.théjfat also follows a pattern that i§ often documented in. >f
human research (Astrana and Rodahl, 1977). Therée was é 3 to 4

minute period before oxyéen consumption plateaued and in many cases
then showed a dfop which'iSjggequenﬁly evident in man.rHeﬁce,

although ﬁhe response to increasing power.outputsvis guite different
in the rat %pdel, the lag time associated with the slow accomo-
'aatiqn in the caréiovascular System to a single powerloutput is
coiparable man.

The maximal heagé;rates~obsérveé during the 2nd aﬂdi8th
experimental week (Table 3)sare566hsiderasiy‘higher than those
previously repofféd by other investigators (Barnard et al., 1974;
wfanﬁe’ang Woodson, 1973). Since the'rats in the present study were

‘'younger than{those in Barnard et al. (19745 and Wranne and Woodson's

e~
e

(1973) studies, it is possible that the elevation was due to the
use of younger animals, Another explanation may~be the different

spacial orientations of the heart. When the rat is running on
the horizontal as in the two former studies, the relationship
@

between the heart and the body may be likened to the supine position

in man, where stroke volume is at maximum due to maximal venous re-

- ~

turn (Edington an?/Edgerton, 1977) and hence heart rates may not
be elevated to the\same extent to meet the same cardiac outputs.
on the vertical treadm;ll,’the heart must work against the forces

of gravity to move blooa\from thgnloWex(extremities and to the
- . J'”/ N ' '
upper extremities. This may "drop stroke volume and hence heart rates
. ' . N

3



Robinson, 1978).

e e —

must be elevated to meet the reguired cardiac output. In the pre-

/

i

sent study, a decrease in maximal heart rate with aging was observed

which is consistent with the findings of\Barhard<et al (1974). This

observation is similar to that reported in man (Shepherd, 1968;

P;e;exercise heart rates (Table 3) are,similarntgvthose
reported by Barnard et al.:(1§74) and Wranne_and Woodsbn (1973).
During the second experimentallweek, the pfe—exercise heatt rates
wére signifieantly higher than dur%ng the eighth Qeek, suggesting
tﬁat at the younger age the animals were more excitable; Thia .
may be due iﬂ partwto their being much‘ﬁbre familiar with the
handling and exe;éisiné after six weeks. However, pre-exercise
heatt rates wete still elevated over the respective restin§ values
in the eighth week,,This.type of anticipatiod tO'exetcise has also
been sheWn to increase the oxygen cohéumption (Shepherd ahd
Gollnlck, 1976) and rectal temperature (Gollnick and Ianuzzo, 1968)
of rats. The restlng heart rates (Table 3) obtained after the
animals had rested for at least one—half hour are‘similar to tho%e"
reported‘by other iavestigators (Tipton et‘al., l9é6; Gollnick
and IanuzZo; 1968; Barnard et al., 19745. Basal heart rates.

(Table 3) were recorded during the light portion of,éhe animal's
daily cycle and ohly’repprted-if the animal remained asleep. Basal
heart rates Aecreased significantly from the second to eighth’experi;
mental week. ’

On a number of occasions, heart rates were recorded in the

700 to 900 beats/mln. range (Appendix G). This tachycardla usually

‘occurred ‘when the animal became frightened with the heart rate

}
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returning to normal within a few seconds. In man maximal exercise
heart rates are the same as those elicited under heavy emotional

stress. It may be that the maximal exercise heart rates reported here

nd elsewhere are not exceeded during exercise because cardﬁac

§

utput would not be augmehted due to decreased filling. Howgkgf,
- . \

~when using the rat in exercise and emotiofally stressful environ-

ments, the heart rate ‘may be *elevated béyond'theAfunctibnal range

and hence became less jefficient. LfithiSvis'the,cése,>it certainly

suggest tha£ electric shock as a motivator may be counter pro-

ductive for optimalvcaréiac'function during’éxercisg.

The heart rate response of the rat to various levels of
power output'(Fig. 10) is different’ than the heért rate response
observed in man. Figurevlo illgstrates the rap}d rgspcnsé of ﬁpe
heért to various power outputs. Popovic ét al. (i9é9) have report-
ed tﬁat gtroke volume does not ipcrease with exercise in<thé ratwm
Therefore,-it appears that any increase in cardiac output @bulﬁ o
come Ssolely from an increase‘in heart rate. Hence, in‘orde; to
elevate cé:diac ouﬁpﬁt heart rate ii at o; neér maximal values at
Nthe low power outputs (Figure 10). Si@ée oxygen‘cohsumption
‘continues’to rise ‘at power output levels above the levels wheré—
heart rate has levelled off, the increased oxygen consumption must
beAaqhievEd by enhanced extrac;ion aE the tissue level. Certainly
the.qxidative potential of-rét‘skeletal muscle responds'very ”
éuickly to aercbic conditioning prqg;ams (Holloszy et al., 1975).

Table 4 sﬁows the data obtained on 3 -animals running at

'varying speeds and inclinations on a traditional horizontal tread-

mill. When speed was held constant and grade increased or vice versa
e i .
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an increase in oxygen éonsumption was observed. For example, at

26.8 m/min. BL3 increased his oxygen consumption from 53.2 ml/kg/min.

! .

at 4° grade to 68.7 ml/kg/min. at lOO grade to a further increase

. - .
L] . . .

of 78.2 ml/kg/min. at 16° grade. This is in agreement with Wilson

et al. (1978) and follows the same pettern that exists in man

(Mathews and Fox, 1976). However, it is in disagreement with the

. \ . : . .
work of Shepherd and Gollnick (1976) and does not support the find-
‘ . . .8

ings of Taylor et al. (1972). Taylor et al (1972) have reported
that in animals weighing less than 1 kg body weight, the metabolic
~cost of running is not significahtly changed by the angle of the

. B /
running surface._Shepherd and Gollnick (1976) support this finding

- -

with rats using ‘a running wheel. Therefore, since both speed and .

grade on the horizontal contribute to the metabolic overload

on-the animal, comparisons between studies whereln dlffe;ent

grades and speeds are used become tenuous. If standard elevations -

could be adapted it would certalnly improve the generallzablllty -of
the results. The vertical treadmlll used in this study offers a )
reasoneble alternativé and permits the celculation of physical werk
and power. .
A closer approximation of the bower oueput on tbe
horizontal treadﬁillucan be estimated from theuoxygen consumption
collected at a specific speed and grade. Assuming_ghat a given
power eutput on either the vertical or horizontsl requires the

same a@gynt of oxygen consumption, then the individual regression

lines found in Apéendix E could be used to estimate power output

~on the horizontal treadmill, if oxygen consumption was known.



General Discussion
One of the most common changes that occurs with physical-
conditioning is a lower heart rate at submaximal poﬁer ontputs

(Astrand, 1977). A common practice of the majority of 'researchers

conditioning rats is to Progressively increase the'speed of the

treadmill and duration of the run during the first few weeks. The

o

animals are then maintained at a selected speed and duration through- .
out the remainder of the experiment. It is presumed that during the
first few weeks the rat undergoes a progre351ve overload However,

once the criterion speed is reached and no further 1ncrease takes

‘a

place it is.doubtful as to whether-an-optimal conditioning effect

occurs. In an attempt to overcome this problem, the heart rates

e
’

of rats conditioned in the present study were monitored. The
heart rates‘wefe maintained in a range of 580 to 600 beats per
minute by varying the speed. A progressive increase in tne power
output was observed throughodt and was a functidh.of’increasing
speed and/or-increasing body weight (see AppendiX'H).

Another common practiee when conditioning rats is to
utilize a,multi-animal treadmill and therefore condition five to
ten rats.at the same time; When heart rates are.measured at a
" common speed and grade, they vary con51derably as shown 1n‘Table 4.

For example, the three rats measured at 26 8,m/m1n., 4° grade

K a

demonstrated heart rates of 529, 546 and 563 beats/mln. This

7

could lead to a large variation in the values of a number of

/ v

dependent variables commonly inVestiéated since the relative inten-

'sity at which each animal is being conditioned is different.

However, at the faster speeds and/or greater inclines, the heart

'
-



rates are more similapi(Table 4) . Sinée conditioniné rats by/heart
ratés is very time consuming and not practisal if a large number is
required, it is sudgested %hat a grade of at least-lOo and a speed
of approximately 30 m/min. be egployed.
In the past, many investigators utilized changes in heart
. .,
raﬁe} muscle glicogen; etc., in an attempt to evaluate the strenui-

ousness of the exercise since the measupement of oxygen consumption

was difficult. Shepherd and Gollnick (1976) have suggested that the

results from their study can be extrapblate to aﬁy type of running

device where rats run at controlled speed®’. They have assumed that

an increase in grade does not increase metabolic rate as was

‘ discussed earlier. If their tia is applied to the rats in the

present study that were measured on the horizontal treadmill, then

& gross over-estimation of their oxygen consumptidn would result.
Therefofe, it is suggested tﬂat the use of running speed to
evaluate the strenuousness of thé exercise boqt is improperf

In man, the linearygelaﬁio;ship betweeh heart iate and

" ‘ : <
oxydgen consumption at submaximalipower outputs allows the use d{
heart rates to esfimate the strenuousness‘of exercise (Astrand,
1977).’Thi§,i; possible in man because of the 200% increase in
hegrt rate from ;esting to maxi&al.éXercisé allowing a wide range.
However invtﬁe rat, heart rate increases only 50%. Therefore at
léw power outputslthe heart rate is at near maximal values, while
oxygen consumption is still at submaximal levels. This suggests
that it would be dubious to predict ongen consumption in the rat

from heart rate.

There are many similarities with regard to the rat and man

2

-
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such as the linear relationship between oxygen consumption and

power output, etc. However, there are a few Qissimilarities such as

o

the rapid increase to maximum heart rate whiéh render the rat as

less than an excellent experimental model for\

\
adaptation to exercise. However, it is suggestied that for the

studying the systemic

study of peripheral adaptations, the rat remains a more than
adequate model since the increase in oxygen consumption would come
mainly from the extraction of oxygen at the tissue level and not

because of an increase in cardiaf’outpet.

: LN
|

..



Cdnclusions

1. Bodf weight was lowest in the experimental group which
waé exposed to the gfé&tes£ amount -of total work. It appears that
body weight changes are not only‘depeﬁdent‘upon the age and sex of’
the animal but also/upon the duration, inte;sity and total wérk of
the exercise and/or conditioning program. .

2. Thé conditioning program failed to produce a significant
difference in maximal oxygen consumption between the experimental
groups in spite of substantiélly different amounts of chronic
e#ercise. However, thé slopes of fhe regression li;es for the
conditioned and non—c;nditioned groups were significantly different.
This suggegts that an adaptation in the conditioned group has occur-
ed. _ ' — | ' .

3..A linear relationéhip exists between oXygen consumption
(1/min) and power output. |

4; Heart rate app\ aéhes maximal values at low power output
levels. However, oxygen conaizption continues to rise at power out

put lgvels where heart rate as levelled off. This suggests that

the‘incréased oxygénvconsgmption must be achieved by enhanced
extraction at the tissue leve{.

’ 5. The different slopes in conjunction with similar 5xygen
consumption valﬁes for the'different groups suggest that the rat

may not bg ;n ideal model for man when studying exercise adaptations
in thé oxygen transport sysﬁemﬂ However, it is suggested that for

the study of peripheral'adaptations, the rat remains a more than

adequate model since the ingrease in oxygen consumption would come

™
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from the extraction of oxygen at the tlssue level and not because of

an lncrease in cardiag output,

- Recommendationsg

aerobic - anaeroblc components of both condltloned and non-conditjion-

e}

ed rats at varying power outputs.
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REVIEW OF RELEVANT LITERATURE

During the past ten years, researchersvhave shown a sub-
stantial number of‘physiglogical changes to occur in the rat with
conditioniné. The conditioning prbtocols that have'beeﬁ used are
.markedly different; ;herebQEmékinq comparisons befween séudies
lgxtremeiy difficult. In the present study, a vertical treadmill
Qas utilized which allows the power output perﬁo;meéiby éhe
rat to be measured. Aloné with the measurement of metébolic work
and the heart ratk responses to various power outputs, the ability

s

to Quantify the conditioning stimulus was enhanced.
I .

£ .
t‘! >

MODES OF CONDITIONING

A Variéty of methods have geen used by ihvestigators k
in an attempt to.stddy exercise—rel;ted pﬁenomena in small animals.
The most coﬁmon ﬁethods used are running animalg on a motor;dribep
treaﬁmill, running>wheel, exergise drum or exposing the animal to
swimming with an additional weight attached.tq the tail or thorax.
| Until recently, motor-driven treadmills were hbmeméde
(Koniski, 1960; Critz anthérrick, 1562; Andrews, 1965; Brannon
et al., 19e68). Thé grade and speed of the treadmill could be altered

" to increase the power output of the animal. Electrical stitulation

was employed as a motivational device for teaching animals to run.

Some ‘control over the power outputs was provided. However, ' there

are a number of problems associated with conditioning animals on

o
.

a motor-driven treadmill. If the treadmill accomodates several

animals at a time then the running speed must be adjusted to the
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slowest animal (Wells and Heusner, 1971). The power output perform-

ed 9y each animal is diffidult to assess when they are conditioned

in groups (Hardin, 1965). All animals can not be induced to train '
on a motor-driven treadmill every day anq some refuse to run therepy
. _ '

being dragged or rolled on the treadmill surface Wiph the possi- '
bility of injury occu;ing,(Thomas and Miller, 1958; Andrews, 1965;
Hanson et al., 19693. Frequently, animals will ge‘bruised a;d cut
in the area of the iower limb (Reardog, 1975) or deve;op‘sore‘feet
from the>&£2£ite of the treaaﬁill, théreby ﬁissing sessions or being .
eliminated ffom the study (Hardin, 1Q§5f_

Wells and Heusner (l97lf developed a controiled runﬁing

wheel for small animals in an attempt to eliminate ~any of the above

S

“tsy problems that occur with motor-driven treadmills. Groups of animals

can be conditioned simultaneously with each animal allowed to
\

respond individually ‘to their running program. The speed and duration

~,

. : Q)
"of running can be regulated, therefore coptinubus*or intermittent

conditioning programs are possible. A major drawﬁack with tﬁis type
of conditioning mode is that'the'péwer output is difficult to.
measure, since the animals do nof always run in the éame position
in the wheel (ﬁardin, 1965).

:Jenness:and Byrd (1974) have recently designed'a "Live—in"
exercise drum unit capable of housing and conditioning forty
anim;ls simultaneously. Handling of animaié is eliminated, however
animals can not be conditioned individually. The reported speed
rénge is from 7.32 - 43.89 meters per minute, thus high-iﬂtensity

<

anaerobic conditioning would not be possible. The authors also —

s



Vil

- factors can influence the swinming times of animéls,

reported sore paw problems while conditioning a group for five
days at 7.32 meters/min. -for fifteen minutes, each day?VCalcula;ion

of the power output each animal performed would also be difficult

with this apparatus.
Swimming has been a populérggorm of exercise employéd
by many laboratories. The equipment necessary is relatively in-

expensive and simple. The laborahory rat requires no training

because of their natural swimming ability. However, number of

N

A number of investigators have shown marked reductions

/

in swimming times of rats forced to swim: in water temperatures

different from body temperature (Tan.et al., 1954; Baker and
Horvath, 1l964a; Beatonl7ﬁd Felekl, 1967) .

Baker and Horvath (l964b) have reported- that the swimming

N ¥
NS4

style of all animals is not the same.- Scme animals never allﬁw

and swam for several seconds. A few rats would,sihk to thewbdtm m

T

by standardizing the poWer output, several methods

rats havekbeen emploied (Haxrdin; 1865; 1968; Dawson*3




~as found to occur at a running speed of 49.5 m/min. The authors

/ < ‘ | :

¥

q . e ‘ ‘ .
1970) . Another siurce of variability in swimming is the possibility

of trapped air bubbles in the fur which increases the buoyancy

N

of the animals (Dawson and Horvath, 1970). Yevick et al. (1969)

have reported an increase in chronic murine pneumonia with &wimming

-

rats-as compared to the sedentary controls. This would imply that ™

longitudinal studies inlﬁﬁégh swimming is used may not be advisable.
) : .

'

p _ . )
In additien to the above factors that can affect swimming per-

formance, the quanéification of power output while swimming is

[

not possible.

OXYGEN CONSUMPTION STUDIES (RAT) :

‘Re}ativgly little is known about the oxygen consumption

.

of the rat duri@g maximal exercise. Shepherd and Gollnick (1976)

adapted a running wheel' to determine oxygen consumption at a

number of different speedst(l6-67 m/min.) during a four to five

! : a2 4

. s 1»“-9 .
week- period. Their results demonstrdﬁed that oxygen consumption
. ¥

increased linearly with work intensity‘(running speed) up to

maximum. A maximum oxygen consumption of 95.1 * 1.4 ml/kg/min.

suggeét that their resuits can be extrapolated to any type of
running device where rats run at controlled speeds.

: Recently, Brooks and White (1977) reported supmaximal
values of oxygen consumption-around 80 ml/kg/min. in rats exercising
at 43.1 m/min. on a 11.3° slopé. According téwshépherd and Gollnick's
(1976) data'a speed of 43.1 m/min. ;roduces an oxyéen consumption
of approximaﬁely 88 mi/kg/mig. The 8 ml/ké/min. differente qguld

X .
possibily be due to a younger rat used in the Brooks and White study

i
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or a difference in the trainingtmodes used.uThe mean'weight of

their rats was 222 grams, Whe;eae.the rats used\i;gzﬁé\§hepherd and

»Qollnick study had a mean weidht of 373 grams.

~

'Taylor et . al. (1970) developea a régreseion equation to |
p;:hictyoxygen consumption from running speed.'Prediction~oﬁ an

oxygen consumptidn from their equation yields lower values than the

<

equatlon dbveloped by Shepherd and Gollnlck (1976)

Wilson et al. (1978) have recently reported maxlmal values

N

 of oxygen consumptlon for untrained male and female (Sprague Daw-
ley and Okamato—Aokl stralns)rats; A" graded treadmlll test produced
maximal oxygen consumptlons of 91 # 11 and 87 + 11 ml/kg/mlnL for

male and female rats respectively. Max1mal oxygen consumptlon was
7&3& )
eliciteé'at‘a\treadmili speed of 30.3vm/min;.with a 15° inolinatiOn.‘

The authors have shown an increase in oxygen consumption with a

. s
o . { .
progressive grade and speed.. 7 S

)

- -~ : .
Oxygen consumption-in the swimming rat has been studied

’ bj.e numbe; of"investigators’(Baker‘and Horvath,'l964b; kratzing

" and Merk\ 1967; McArdlé, 1967; D£WSon‘and Horvath, 1970) . Maximuml
values have beengreported to range from 55 to 80 ml/kg/mln Com-
parlsons between the studles becomes dlfflcult bemausé GETRHE T e
vatlous metnodologzes utlllzed by each labotatory.

9

’ McArdle (1967) suggests. that the addition of welght does
- ) e

- 'not increase the oxygen consumption in many animals, but actually

. |
. . ‘
reduces the. abilitg of the animal to exchange gases at the surface. |

S

Therefdre, swimming may lend itself to submaximal‘exercise‘programs
" but is less suited to programs of near maximal intensity (Hardin,

1965; McArdle, 1967).
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Oscai and Mole (1975) suggest SEBER:he work‘oapacity of

¢ to a run or swim to

: , o g N ,
exhaustion and then compare the results of the conditioned versus

~

-the control animals. The animal may be‘considered exhausted when
it can no longer right itself after belng placed on its back (Oscalr
and Mole, 1975) or if the animal sits at the back of the treadmill

, for a period of more than 10 seconds, despite being subjected to

B

electric shock .(Jobin, 1977) ® ‘ . L

AN
|

1 A graded treadmill test for rats has been developgd by

Wranne and wOodson (1973) for determination of max1mal work per—

'

formance..The speed and 1ncllnatlon are progre551vely increased
from 26.8 m/min. at 12.5 grade to 34.8 m7min.-at a 27o grade or

until exhaustion occurs. A linear increase in heart rate'with/an;

increasing power output occurred from a average of 412 * 20 beats/

min. pre—exerciSe to an average of 615 + 12 beats/min. at maximum.

Arterlal lactate also increased progre551vely from rest to maxlmum

! .
The authors suggest that the tesf is suited to- detect changes in

blood oxygen transport. / ,

v ]

“/ 2 e N .
OXY GEN CONSUMPTION STUDIES (MAN) .

J

The determination of maximal oxygen consumption in man ¥

has‘teceived considerable attention in the literature. A variety
. ~ ' >

0of continuous (Balke, 1959; cureton, 1969; Kamon and Pandolf,

1972b; Tolson and Ismail, 1970) and dlScontlnuous (Taylor et al.,
3§ 1
1955, Mitchell et al., 1958 Astrand et\al 1959; Macnab et al.,

-

1969) tests have been,developed‘to“elicit maximal oxygen corsumptioh
TR . :
& . . o ‘

>

“ i ‘
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(Kamon and Pandolf, 1972b).

2

. ‘: : Al

w ¢

utlllZlng the treadmill, bicycle ergoqeter and laddermilla

L

It was determined by Taylor et’ %l. (1955) that increasing

y ©

the speed and'keeping the grade constant was not as effective for

5

obtaining an asymptote as 1ncxea51nq the grade with the speed held
\

{
constant. :Shepherd and Gollnick (1976) reported that the increase
in grade was not as important as increasing the‘speed in rats which
‘ - :q O
is contrafabto-what has been observed in man.

The precise power ouptut can be obtained on the bicycle

o

ergometer and laddermill, whereas,‘the‘power output of uphill

.

raning is confounded by a horizontal component (Kamon and Pandolf,:

1972b). B

B

Kamon (1972a) reported a linear relationship between oxygen

‘consumption and power ontput on both the laddermill and bicycle

ergometer;;Laddermill climbing was found to elicit maximal oxygen

consumptjion values similar to uphill running but higher than cycling
A . ‘ > -

- Because of the comple%it

f the direct measurement of

oxygen consumptfeh as well as al demand“madeuupén the

"individuai, a number of indirect me:z;%SOf predicting maximal

B

oxygen COnsunption‘have been developed. The,indirest tests assume

a linear relatioﬁ%hip between heart rate ana oxygen consumption .
and therefore extrapolation to a predicted maximum heart, rate

will yield a prediction of maximai oxygen consumption (Andersbn'

et ai., 1971). One of the most popuiar indirect tests was-developed

by Astrand and Ryhming (1954). A nbmogram is used tq chpute

maximal oxygen consumption from the heart- rate after a submaximal
- . : . . .

oy
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bicycle ergometer ride. When this test is compared tc a maximum

R

blcycle test predicted max1mal oxygen consumptlon is higher (Glass—

ford et al., 1965). The reason for this may be due to the fact

that the submaximal test.to predict maximal oxygen consumption

is not as fatlgulng on the leg muscles as the max1mal test.
Hermiston and Faulkner (1971) used a stepwrse multlple-

%egresslon technlque‘to develop equations for the prediction of

maximal oxygen consumption of‘phy51cally actlve and inactive men.

For example, the equatlon for active men takes into account the age

of the SubJECt fat free welght heart rate, fraction of carbon

vhdioxide in expired gas, tidal volume at submaximal work level

and respiratory exchange ratio. The correlationfcoefficient bet-

~ S

ween the observed and predicted oxygen éonsumption was found to

be 0.90. Other inveStigators (Mastopaolo, 1970; Metz and Alexander,

1971; Jessup et al., 1974) have 1mproved upon the predlctlve

’

valldlty of 51mple regre551on models by 1nclud1nq a w1de varlety

of resplratory and cardlova5cular varlables.
B . " \ -&
For the prediction of max1mal oxygen consumptlon ‘in man,;

a considerable body of knowledge 'has accumulated in the lltefature

s 0
0 & 2]

over the years. However, our knowledge of the physical work capa-rﬂ

city of the rat is extremely limited. There. has been a“scarcityu.

of material in the literature cdncernlng the rat, therefore re=

searchers have not been,abi§ to*@uantlfy their tralnlng programs.‘
: % ¢, 5 P
If we are to contlnue to use the rat to study the effects of

exercise then the relatlve lnten51ty of their condltlonlng programs

i : :
"; Py . . - o o

-

must $e known . e v ' ' p
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Appendix ﬁ—Z

!

Raw-data for maximal oxygen consumption test on the -
/;)/ vertical treadmill
. B of -

o X
~ Fa Skl ‘
 Group An’:&&}> Weight

Power Output

‘Heart Rate

v . ' ‘ 002 Vo,
.~ Number (grams) (watts) * (b/min) (1/min) (ml/kg/’
'ﬁg - ‘. : - - min)
sC ' GRR 370.7 Pre-exercise 445 0.0150 40.46
0.519 558 0.0235  63.39
o 0.821 593 0.0269  72.57
0.958 600 0.0301 81.20
sc  GRP 396.9 pre¥exercise 420 0.0121  30.49 .
| - .. ¢ 0.556 563 .0.0256  64.50
0.691 .- 579 0.0296  74.58
0.804 600 .0.0321 80.88-
TN 0.947 610 0.0343  86.42
. - 1.108 600 0.0331  83.44
sc  RBK' ' 347.9 Pre-exercise ' . 400 0.0104 . 29.89
' ‘6{487-' 558" 0.0200 57.49
0.606 585 0.0211  60.65
0.771 300 010273 78.47
.0.899 600° 0.0280 80.48
:
sC RBL 360.4 Pre—egerciée -~ 0.0111  30.80
o 0.505 - 00255 70.45
: T 0.628 - D.0270  74.92
ste o . - 0.730 b\\__\‘- 0.0299. 82.96
. ;ﬁio.seo"" - 0.0327  90.73
' L 00931 - - 0.0302
. -
'*a o ’ )
P T . . g
& g iy o
s . -+ 9“"_
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Abpendix B-2 continued

P
'Grqpp Animal - ‘Weight Powerxgptﬁﬁﬁ" Heart Rate |, V02 vo
Number . (grams) (watts). - (b/min) (1/min) (ml/ﬁg/
0 min
o C ' _ . :
L nBC - GBK 397.2 Pre-exercise - 0.0114 28.70,
C ‘ e ' 0.557 .- 0.0248  62.44
’ 0.692 . - 0.0259  65.21
0.745 . _ © 0.0279  70.24
o 0.805. L & 0.0270  68.07
sc RPL 347}2 ﬂkPre-exe£cise . - 0.0121 34.35
3 0.411 - 0.0178  51.27
' 0.549 - 0.0183  52.71
0.769 - 0.0212 %1.06
- 0.897 S 0.0249  71.72
sc GRB = 358.6 Préfekércise o= 0.0102  30.40
| 0.424 . . . 0.0211  sa.84
Lo S 0.567 0 - 0.0237‘°-66.o9"
0.727 . - 10.0246  68.60
e . : 0.794 . 10.0234 65,25
SC  BLB .., ‘ 426.5. PrefexeréiSe 390 - 0.0118 27.67
[ T Lo.s05 - 7 osgs [ 0.0285  66.82
v B _/%10.674': ‘ 600 .  0.0315 73.86
B  0.862 . 6l 0.0335 78,55
0.945 - 610 7 0.0339 . 79,48
- . 1.018 600 0.0332 . 77.g4
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appendix B-2 cqatinued

P

67

/_,;_—— i .

I

J / -
\(" i
\‘07/\»/
% vo

Group Animal 'Weiéht ~ Power Output  Heart Rate 2
Number (grams) (watts) (b/min) (1/min) (ml%kq/
. T , N min)
El BL1 377.8 Pre-exercise 364 7 0.0124 . 33.17 //ﬁ—*—’//
0.441 585 0..0200 53.65.// ‘
0.559 581 0.0225 - 60.22]
0.589 - 590 0.0262 7o.ga/
0:699" 600 0.027§ A2.70
0.755 600 ‘0.0265///71.08
) . // \
' ) ~
‘El ~ BKl . 307.2 Pre-exercise 393 .~ -0.0139  45.27
' ' 0.364 578 ./ 0.0162 52.73
0.486 580 / = 0.0215 69.99
) 0.576 . 600 / = 0.0232 75.52
o ™ A :
" 0.681 sy 0.0221 72.04
Y
E1 GR1 331.5.  Pre-exercise 375 0.0142 42.98
‘ 7 0.392 571 0.0169 50.98
. 0.459 578 0.0199  60.03
v 0.524 580 0.0222  66.97
i . 0.621 571 10.0283 85.3Z§
0.734 571 0.0254 76.62 o
El  PBK 337.9 Pre-exercise 368 0.0128  37.88
0.473 541 0,0201  59.49
0.589 565 #0243 71.92
Jg‘?a\“y. ; . =
0.685 571, 5980259 76.65
0.749 571 Jg*%. 72.51
“ 5



Appendix B-2  continued .

. *ﬁ
Group Animal Weight Power Output Hedrt Rate Vo (o)
‘Number  (grams) (watts) - (b/min) (1/min) (ml/ﬁg/
s . min)
. El GBB' 339.8 Pre-exercise = 416 ~ 0.0150 44.14
' ' 0.476 545  © 0.0183 53.86
) - © o.s92 | ssq 0.0196 57.68
0.637 577 0.0215  63.27
0.688 580 1 0.0225  66.22
_ 0.753 600 0.0210  61.79
2 0.811 500 . 0.0190 55.97
E2  PR4 363. 2 Pre-exercise 436 1 0.0183  50.27
. 7 0430 0 0.0216  59.47
, 1 0.574 600 0.0225  61.92
N 0.681 610 - 0.0240  66.08
0.736 600 1 0.0254  69.93
0.805 590 ©0.0238  65.53-
E2 BK4 368.4 Pre-exercise 420 0.0101 27.42
. 0.516 - 566 0.0191 51.85
, 0.642 581 0.0225 . 61.07
) " 0.746 600 0.0269  73.02
- o.sle 600 0.0241  65.42

Fre—exércise 393 0.0120 29.99
0.474° T g 0.0209  52.24
0.633 600 ' 0.0245 61.24
0.750 elo 0.0261  65.23

v 0.811 600 - 0.0251  62.73 °



Continued

o,

Appendix B-2
,
Group Animal Weight Power Output Heart Rate VO2 vo.
Numper (grams) (watts) (b/min) (1/mIn) (ml/%g/
' ' ' min)
E2 PRG 410.1 Pre-exercise 413 0.0098  23.90
' 0.485 585 0.0185  45.11
’ 0.575 - 590 0.0224  54.62
' 0.714 605 0.0264  64.38
0.769 600 0.0253  61.69
cl PR3 313.1 Pre-exercise 421 0.0148 47.21
' ' 0.371 571 0.0152  48.55
0.495° 590 ° 0.0197 62.92
0.587 600 0.0234  74.74
08634 615 0.0260 = 83.04 -
(. 0.694 600 0.0241  76.81
1 -
" Cl PRR %l3.8x . Pre-exercise 436 0.0099 31.62
] ' 0.371 571 0.0169 53.86
0.496 600 0.0206 . 65.65
0.587 600 0.0264  84.13
_ 0.634 600 '0.0241  76.80
cl  BK3 306.6 Pre-exercise 390 0.0110 = 35.82
0.363 571 0.0186  60.67
2128 590 0.0204  66.54
.534 593 \ o;gzéan' 82.84
0.679 571 6.0216/ 70.46
’ 0.792 568 0.0214  69.80

69




Appendix B-2 Continued

Group  Animal Weight Power Output Heart Rate Vo Vo

- Number . (grams) (watts) (b/min) (l/m%n) (ml/%g/
- l min)
cl BL3 241.1 Pre-exercise 414 0.0094  38.60
0.286 545 0.0137  56.59
0.341 564 0.0151 62.37"
0.383 . " 564 0.0172  71.05
0.424. 571 0.0184  76.00
0.536 581 0.0211 87.15
 0.676 545 0.0195  80.55
2 Gr2 1366.8  Pre-exercise 413 0.0140 .37.99
0.434 = 565 0.0258  70.34
0.639 578 0.0276  75.25
0.743 580 T 0.0307 83.70
,0.873 554 ©0.0281  76.81
c2 BL2.  303.2 ‘Pre-exercise 364 0.0098 .32.32
0.359 565 0.0162  53.43
0.479 . 576 0.0191  63.02
0.528 581 0.0218  71.92
0.568 585 0.0252 g83.14
0.614 585 0.0248 8179
c2 Bk2 301.8  Pre-exercise 393 . 0.0102  33.80
0.357 545 0.0198 65,61
0.423 576 0.0214 70,91
0.477 &9 00223 73.89
0.526 590 - 0.0252  83.50.

" 0.611 581 0.0243 80.52



Apgenéix B-3 Raw data for heart rates during the 2pd. week
. 0 i
ih
Group Basal Resting Pre-exercise Maximum
in cage Exercise g,
scC - - 462 655
- - 514 679
- - 545 643
- - 480 632
379 405 467 658
- - 500 643
o - - 500 632
- - 525 655
El 384 412 494 655
- - 505 655
424 486 525 624
- - 494 658 -
E2 408 500 525 667
- - 500 655
- - 494 632
- - 500 1624
- - - 667
cl - - 480 647
405 384 480 658
- - 514 658
- - 545 643
c2 “444 494 500 621
- - 494 667
- - 514 632
- - 545 624
- - 494

643
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Appendix B-4 Raw data fdr heart rates s%rinq the Bth. week

Group Basad Resting Pro-exercise Maximum
in cage Heart Rate
sc - - 445 600
305 4 380 420 610
- - 400 600
4 S - i -
_ I _ .
- - 390 610
El 4. 269 335 364 600
T - 393 600 A

v - - 375 580
L e3¥8 333 368 ©571
e < 416 600
T B2, - - : 436 610
: B T - - | 420 600
T - ‘ - . 393 610
e - B - " 413 N 605
cr oy, o= - a21  els

N T T : - 436 600
S 305 - 390 3 593
307 . 369 414 - 581
T R - 413 580
S - - 364 585
- . : 393 590
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Appendix D-1. Training progression for groups El, E2 and SC

Day Time Speed Rep. Total on Total off
(m/min) (minisec) -~  (min:sec)
1 AM 5.2 1 00:30 -
2 AM 5.2 2 .01:00 00:30
3 AM 5.2 3 01:30 00:30 -
5 AM , 5.2 3 02:15 60: 30 .
6 MM~ 5.2, 3 .. 03:00 - 00: 30,
From this point on, the animals -in {§bup’ SC were trained for a
duration of 1 - 2 min. once a week, whereas animals in groups ° .
f“-?‘ El and Ezqyere exercised at a heart rate range of 580 to 610 AN ¢
ﬁ!i!? P ants{glnf . . ’
E> A v ¥ ' L R . ,
S e PR 3 .
12 o AM % 1 03:00 o
[ PM ‘k* 1 . 03:00 o
.16 v AaM o T oLSe L 01:00 - a
_ PM O 1. .. -°© 01:00 - .
19 . aM A ﬂ;ﬁ;‘ © '04:00 - >
Py s T e 64:00 - .
23 aM ' B 4 S 01:00%, - s
-  PM 1 Yo 0l:00 T o
26 . AM 1 os:00 , % T
. - PM 1 * 05:00 - ‘ ;
30 aM L 1 01:00 . - -
‘ PM : . 1 01:00 - ey
‘33 AM . 2 1 06:00 - - ;&
s pM R 06:60/ " - =3
37 AM . 1 01:00 -
PM 1 ' 01:00 -
40 AaM ' 1 1 07:00 -
.. PM . a1 . 07:00 -
44 . AM REEREEE . 01:00 -
S ) PM B | 01:00 - B
47 AM 1 08400 - o
: - PM 1. 8:00 -
51 AM \ 1 7, 01:00 -
PM - ' 1 -

- 01:00



¥ ‘l
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N 'v, ’ " “ ' ' +
ApPendix D—'2' ' Training prog}ession fbr groups Cl and C2" v
pay - - %ime . Speed Rep. -Total on ‘Potal off
' ' ' *(m/min) : . (min:sec) (min:sec)
— i ) - o
1 AM 5.%. 1 00: 30 -
2 AM 5.8 2 01:00 - 00:30°°
3 "AM, . 5.2 3 01;00 : 00:30 -
5 AM & 2 -~ 3 02:15 00:30
6 AM 5.2 3 00:30°°
Y From this point on, tr_;e animals in grémps -qondit‘:i‘éned‘
\\3 at a heart.:@ate range of l590‘ to 610 beats ,m '
. 54 . PM - ' : -
. S (o aM } 04:00 -

V11 . AM

U e

14 AM

?

15 AM
17 - -AM

TR T- T

e} ]
= =
o :‘ N
el et ot ol sl o
Ke)
“~
‘S
1

.;
o o
O O
D
[o XX e}
o O
[

o210 AM

22

&

&

A
]
=
'.E“‘Fb-'i—'w_—w—‘r—*'t—'o—w-‘v—w—‘-'f.-w—‘v»'--l,—w—'w
—
>
o
o
I

R 24 . AM
. 7 .-/ PM
. .’fg‘?kg‘_,'ﬁ%.% -AM

2_8 AM

+
[

e
o
o
|
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Appendix D-2 continued.
) r

v
B A

Day ©°  Time’ Speed . s Rep. Tgtalvoh~ﬁ' Total off :
(m/min) . . (min:seg) - (min:seq)

36 AM 15:00 - 5
ﬂ 15: 00 S
.~ 15:00 s B

15:00 - oy

fé%ﬂml“.Jf”/ -
: 00 . - _
15:00 ., . - K
. 15:00 L.
. LY . ) . e
43 AM - \ ©o15:00 - . <

1
1
38 AM 1
1
1
1
1
1
. 1
PM R N ﬂf"‘” 15:00 ‘ -
) S v
I
1
1
1
1
1
1
[

39 AaM .

42 - AM

4p AM , 15:00 ;) -

A 15:00 -

ST 315200 L
15:00 .-
15:%0 - -
15:00 ' - ®
15:00 o=
15:00 QK

46 - AM 7,
49

AM
PM
50 AM
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Appendiﬂ@F—l, a Summary of the analysis of variance ‘for bady

0 U '.,wgights of sedentary contrgii, exercised and:
- - conditioged_rats,at the tifie of arrival in.
J - . . the labgratory . STt S
' ] . - < N ""
Sou?ce_Of . DF . SS S oMs F' ' AP ¢
Variation : -t ) "(/\, ?
s - ‘= ‘ .‘. . ) i .
Groups 4 ' 40163 190.41 fl'6l  +»0.05
Error : .. 25 . 1555.62 - 62.21 : '{ '
. .- - ‘
F , 2 . ’ N
0.05 (4 5y 2.76 ‘ L . 4 .
=»

e

Appendix F-1, b . Summary of the analysis of variance for body
B weights &f sedentary control, exercised and
conditioned rats at the terminatioh of the

study ;

Source of DF - ss E MS F P

Variation : :

Group 4 _ 23134.4 5783.5 5.81 <0.01

’ ' , Lo ’ &

~ Error 19 18907.1 995.1 *

O ) i '7‘ ’ .

= - : - (fé\
F_ s _ (4, 19) 4.50 ” ‘ ' - \

0.01



- Appendix F~-1, ¢ Newman-Keuls comparison between ordered means
: = ’ for body %elght oﬁ.sedewtary control exercised

T and conditioned rats at the end of the study
N o o ¥ ,
. cl c2 El . sC E2"
Means’ 307.8 330.5 347.2  384.7 . 386.0
307.8 0.0 22,k 39.4%% 76.9%% . 78, 2%
) 'S ’ : a A A
330.5 : ‘ 0.0 16.7* 54.2%% 55 5w
347.2 ' - 0.0 37.5%% 1 38.3%x
3847 0.5’ 1.3
386.0 - - ' P o 0.0
R= 2 3 ' 4 5
Do
. : W ’
The Multiplier is 3.7969 . - o » o
** p<0.01 .
" * p<0.05



LA,

. Appendix F-2, a

-

Summary of the analysis of variance for maximal ¢

OXygen consumption (ml/kg/min) of sedentary

- A . control, exerciged and gpndifioned rats N
t i LN ] )
'Sougce.qf ) DE 3s - Ms F P
© ., Variation i : _
Groups 4 673.94 . 168.49 4.63 <0.01:
Error® .19 690.72 36.35
L, ' L2
N . ) N
FO.OL (4, 19) 4.50
’ ® '
/- J

Appendix F-2, b

Newman-Keuls comparison between ordered means
for maximal oxygen censumption (ml/kg/min.)

of sedentary control, exercised-and conditioned
‘rats R :

- ? .

E2. El 'sc c1 2
Means 68.14 ~75.29 78.61 -+ 83.45 . g4.29
68.14 o.do 715 10.47* 15.31%% 16, 15%*
75.29 ° 0.00 3.32 9.00

14
78.61 0.00 5.68
83.45 0.84
84.29 ’ 0.00
=, \\5" - 2 5.

The Multiplier is 2.9021

** b <0.01

* ’P <0.05
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Appendix F-3 “'Sdmmary of the Analysis of variance for pre-
. o .
‘ exercised and conditioned rats

exercise oxygen consumptions of sedentary control,

Source of"
S b P
_ Variation s DF =3 MS F
~ ] . 7 .
Groups - 4 ~ 311.76 77.94  1.87 >0.05
Error 19 790.41 | 41.60 ’
Fo o5 (4,,19) 2.90 . -

a0
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Appendix F-4 nSumhary of the ahalysis of variance for maximum

- - heart rate of sedentary control, exercised and N
- : conditioned rats during the 8th experimental week
- . ‘\ . .
~ ,
Source of DF " ss MS F Cop
Variation : : .
Groups 4 1261.70 ° -315.43 2.99  *>0.05
Error 15 ~ 1584.30 105,62
i ‘ N
| "9
Fy.gs (4 19) 3.06  : : T



/
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Appendix F-5 Summary of the analysis of varianse for pre-exercise
‘ heart rate of sedentary control, exercised and . e
' conditioned rats during the 8th experimental week ;
-
. = . . :
_ Source o DF sS . Ms F. P
Variation . N 2 oo
Groups 4 '4153.90  1038.48 2.27 >o®\/ )
' Error Cis ¢, 6877.30 8.49,°

Fy.os (40 15) 3.06 o , ,,.// AR

; ‘/
\\ : \ L
. ~. .
h ' = da
-
e %
T “
J ® -
. ,
Sy
a- : )



Appendix,?—6- Summary of the analysis of va:iance-fof/maximum
" heart rate of sedentary control, exercised and
qpnditioned rats during the 2nd experim@gtﬁl;

. ' o Y 5 .

ek

-

T

' Source of |

variation bF _SS ) Ms

Groups 4 619.97 154.99 ©  0.38 >0.05
Error 21 5634.07 ° 268.29

F_ . (4, 21) 2.84

0.05



Appendix F-7

Summary of fhe‘analysi

94

s of variance for pre-exercise

adentary control, exercised and con-

Heart rate of g
he 2nd experimental week

ditioned rats apring t

source of ‘ .
. . DF / SS MS F P
Vvariation :
L J
‘” ’ w -
‘Groups 4 34,340.79 85.20 0.14 >0.05
Error 21 . 11766.58 ~ 560.31 .

£ ° (4, 20) 2.87

0.05




Appendix F-8 Summary of the test for homogenity of fegressioh of
. . conditioned (Cl and C2 pooled) and unconditioned
(E1, E2 and 3C pooled) groups

Source of

Variation bF SS _ MS F P

Groups 1~ 0.0000494  0.0000494  5.55 <0.05
m; Error " 83.  0.0000730 ' 0.0000009.

F_ .. (1, 80) 3.96

0.05 o ,
. & /
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26

‘Appenaix F-9 summary of analysis of variance for maximal A
oxygen consumption (1/min) of sedentary control, '
exercised and congitioned rats .

T v

Source of Pa ‘ : ‘ |
. . DF SS MS ) F . "
vVariation : ) { {

Groups 4 0.00009 0.00002 , 2.26 >0.05 N

Error 19 0.00017 0.000009

Fo.05 (4,19) 2.90
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APPENDIX G

ECG TRACINGS
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Appendix G. An example of the ECG tracing for pre

submaximal

-exercise,
exercise and paroxysmal tachycardia
the rat (paper speed at 25 mm/sec).

Submaximal exercise - 578 beats/min. 1

¢

B

Paroxysmal tachyéﬁ?aia - 846 beats/min.



APPENDIX H
P
EXAMPLE OF PROGRESSIVE INCREASE
IN POWER OUTPUT AT 580-600 B/M.
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Appendix H Example of the increase in power output maintgfning
heart rate in the 580-600 b/min. range for BL3
o o

i

\Experimental pDay - Speed. Weight o Power Output
T - (m/sec) (grams)’ (watts)

15 - 0.125 157 0.186 *

16 - 0.125 ) 174 ' 0.206
.~ 19 0.133 . 180 . 0.227 *
© 20 0.133 179 - 0.225
22 :0.148 ' 197 . 0.276 o
23 - : 0.157 . 187 0.278 * v
26 : 0.157 217 0.323 ;
27 0.157 200 _ 0.297 *
29 ' 0.167 202 0.319 *
30 " 0.167 Co217 U 0.343
33 . '0.167 2004 s 0.316 *
. 34 0.175 219 0.363
’ 36 0.184 226 0.394
37 ‘ 0.192 . 218 ©0.396 *
‘50 - 0.204 - 229 o 0.442
41 0:204 S 223 0.431 *
43 ‘ 0.214 226 0.468 *
44 0.223 © 231 - 0.488 )
—
<l

* housed in run wheel for that day. -
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" different manner. Since the slopes of the individual regression lines

Adaendum

. ° v
o

4 During the review of this thesis, it was su@éested hat the

group regression lines for each experimental group be calculdtéd in a

(Appendix E) in_each group are very similar, they were aveﬁaged and
the group regression line formed. This method seperated the groups
(Addendum Fig. 1) to a greater extent than the original procedure

(Fig. 9). The standard error of estimate for each group was also

N el
reduced. v . W

N 4

The coﬂditioned—run wheel (Cl) -group was-significgntly
different from all other‘groups. The conditionéd (Q2) and exerpiéed—
run wheel (El) groups éhowed no significant difference. This suééests
that the voluntary run'wheels imposed a streés that‘produged~a
similar conditioninq protocol used in the present study. This method
also reinforces the possibilitybthat at the higher power;outputs,
the conditioned rats are able to meet the increased demands through s

4

increaséd aerobic metabolism, whereas, the non-conditioned animals

derived a greater percentage of the required energy to perform the

work. from anaerobic sources.

y
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Addendum

Summary of the test for homogenity'ofvregrqssion of

sedentary control, exercised and conditioned groups

Source of. ’
ce o DE SS MS ; F

Variation . F
S
Groups - - 4 0.0006544  0.gf#1636  2.70  <0.05
Error | 81 0.0007415  0.0000092 = "
;
Fo o5 (47 80) 2.48
} ./) '
Newman-Keuls comparison between ordered means for
regression slopes of sedentary conrol, exercised and
conditioned rats ‘ o '
Ty =
B .V .
SC . E2 cz2 - El Cl
Means »10.0165 0.0247 - . 0.0285 0.0324 " 0.0386"
0.0165 0.00 0.0082%% 0.0120%*%  0.0159%* 0.0221*%*
0.0247 0.00 9.0038 0.0077** (.0139**
0.0285 ‘ . 0.00 0.0039 0.0101%*
0.0324 ' | " . 0.00 - .0.0062*
0.0386 . ' _ ' ‘ 10.00
R = ' , 2 3 4 5

A »Y

The Multiplier is 0.0014599

* p<0.61‘

% p<0.05

/
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