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ABSTRACT

The effects of exercise plué environmental temperatures was
studied using six human subjecté, 24 to 34 years of age. Subjects

exercised for twenty minutes at seventy-five Ber cent of their
) ‘ ’

individual MVO2 under three dif“~rent environmental temperatures on

]
~

three different occasions. .The tempefatures used Wereyb, 21, and
40 degrees C. Blood glucose, plasma tofal fatty acid, plasma lactic

"_\’ ) N ° * N . . .
Sacid, VOZ’ Ve, and H.R. were .measured at rest, and after two, seven,

and twenty minutes of bicycle ergometer exercise. Exercise had no
: . )

siggificant effecté on bloodiglucose'COncentration ahd on total'plasma

fatty acid level There was a marked effect (p<0.01) on plasma
vlactate level, V02, Ye, and H.R. Environmental tempe;atﬁre during -
" exercise had no significant effects on blood glucose condentration,
total plasma fatty acid leQel, plasma iactAte level, Goz.end Ge.
'However when 602 wae expressed per kilogram of body weight there was
‘a significant (p< 0.1) difference between cold results and the two
other temperatures. Oxygen consumptiop’per kilogram wasfhigher under
cold'environmentai temﬁerature; Heart rate was qléolhigher_§p<>0.05)

during exercise at 40 degrees C.

a
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- e CHAPTER I
INTRODUCTION

The energy ex;;nded during increased metabolic aépivity of
tiésues may be derived from carbohydrates, lipids or proteins, as
weli as from thq,incermediarybpgéducts of their breakdqvﬂ (61). The
choiﬁe of a céftéin energ; spbstraté’is determined notAonly by the
actual content of ‘a given hutrien; 1@ the organisg, but glso by the
-conditions and possibilities Gf‘tﬁeif mobiliiation and utilization
(68).

It is well knovn that both plasma glucose and free fatty
acio (FFA) play an important role in energy metabolism (8, 18, 21,
22, 25, 38, 37? 44, 53, 54). These two major energy sources are
mbbilized’fromlélygogeh'and fat depots. Glucose 1is stored in

. - 5 .
1émiéed qugntities as'glycogeﬁ in the iiver and muscles (31, 43, 47).
F;t, in the.fofm of triglycérides, 1s stored priiarily in'éﬁipoge
tisgues in >he splanéﬁnic area and, tp soge extent, in and ar&und
muscles 9. 43, Q])., Glucose and -FFA afe mobili;ed from.theée'
qﬁergy depots via the circulatory systemi(&kj.

The moBilizationbof various enefgy gources may be affected
Ly Aifferént endogenous and exogenous'féctbrs. Exerc}se aﬁd'
eﬁ;ironmental temperature are two exogenous}ziuses wvhich may alter,

- quantitatively and/og;gualitativel?? this mobilization. These two
éxdgeﬁoua c#uses Q:e importﬁnt because fhey }epresent fwo metabolic

stresses under which men have tokpetfo:m'(l, 5, 9, 13, 17, 24, 29,

¢ .
¢
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39, 40, 42, 55, 56, 57, 78).

o

‘Statement of the Problem

The prgblem was to find howAthé bq@y reacts during exé;cise,
under variou; enﬁironmgntal temperafurea, by measuring the alterutipns
'of the following physiological phyaqetérs:

1. the‘blood gluéosé concentfation
2. uthg percentage of total saturated fattyiacid
;vérsqs ibtal'unsaturateé\fafty acid in plasma
3. the plasma'laﬁtic acid concentratioh |
4. the oxygen consumption (602)
5. the ;iqute ventilation (Ge)

6. the heart rate (ﬁ.R;)

-.Justification of the Study

&
" Our country is one where we see four seasons in succession.

In a given year the environmental temperature fluctuation can be

from 40 degrees C below zero in Ginter to 40 degtees Cvgbpve zero
in summer time. A jogger who enjoys exercise outside, exposes hib‘ +

-—n

. : \
‘body to this environmental temperature range. It is important to.
know how the body reacts to combined exercise and temperature -

stresses. =



Delimitations of the’Study

The &eaign of this study was delimited to:

1. six volﬁnceers, thsical.educatiop students,
,.at \thg U;xiversity of Aiberta_. | f’
2. an exercise for. twenty minutes at'sevgﬁty-fivex\

per cent maximal oxygen consumption (HVOZX
on an ergometer bicycle.
3. tge folloéing temperaturésrand relgti?e humidities
a) 4 degfees'c and 82.5% relative humidity ;
in ;he cold\;oon.
b) 21 degrees C and 24.21 relat#veihquQify
in ;héllaso;agory room.
¢) 40 degrees C and ‘11_9.91 relative humidity

in the ‘sauna room.

. . ) . - | 2
Definition of Terms ° . : 2

In order to avoid nisunderstgndihg, the following terms

‘

vere defined:
Anova:~ The gtatistical technique of analys&s of variance,

Acclimatization: Pertaining to certain phya;ologica1,~

adjuscments‘brought about through continued exposure to a different
climate, e.g., changes in altitude and temperature.
" keid: A chemical compound that gives up hydrogen. ions @)

RS . i
in solution. :



Aerobic: 1In the presence of oxygen

Amblent temperature: Pertaining to the surrounding
' i kd ) . ’
environment. The degree of Senfible heat or cold.

Anaerobic: 1In the absence of oxygen.

Barometriclpressure (PB): The force per unit area exerted

by the earth's~atmosphere.' At sea level, it is 760 millimeters of

mercury (mm Hg). . : . ..

Carbohydrateﬁ Any of a group of chemical compounds,
including sugars, sgtarches, and cellulose, containing carbon, hydrogen,
and oxygen only. One of the basic foodstpffs. |

Douglas bag: A rubber-lined, canvas bag ssed for coliection
of expired gas. o '<3 ‘ |

Dry bulb thermometer: A common thermometer used to record

temperature of the air.
Ergometer: An apparatus or 'evice, such as a treadmill or

stationary bicycle$ used for measuring the physiological effects of

exercise. . -

Tat: A compound containing glycerol and fatty acids. One

of the -asic .oodstuffs.

-

Tati acid: | Fatty acids are the bui - g blocks of several
classes of - «ds. The sources of’ fatty acids are intracellular

(tissue stores) as well as extracellular (supplied via the vascular
system) The fatty acids are stored in the cell and niust be
"mobilized and transported across the mitochondrial membrane. “Once.

Al

inside the mitochondrial membrane, the féttylacid is available to the



enzymes of fatty acid oxidatioq, which are 1ocated_on‘the mitochondrial
membranes. | -
Glycolysis The incomplete chemical breakdown of’glycogen.

In aerobic glycolysis, the end product is pyruvic acid; in anaerobic
glycolysis, the end product is lactic acid' ; -
| Lactic acid: In the absence of oxygen glycolysis can
 continue and the end product is lactic acid rather than pyruvic acid.
This system of nondxidative glucosefmetabolism'is referred to as the
anaerobic phase of glycolysis.

| ' Lipdlysis: The process of mobilization of fatty acids from
* adipose tissues which increase the concentration of plasma fatty acid

and glycerol.

Maximum oxygen consumption (MV02):~.The maximum oxygen
S0

consumptiongis the maximal.volume of oxygen (at OOC 760 mm Hg, dry) -
vextracted from the inspired air, usually expressed in liters per

minute (MVO ).

MinuteAventilation (Ve): The volume of air (at 0° C,
760 mm Hg, dry) expired during one minute, usually expressed in liters
per minute. ’ - oy

&

Plasma free fatty acid (FFA)' A quantity of fatty acids is

always present in the blood combined with the albumin of the plasma
proteins. “The fatty acid bound with . proteins in this manner 1is called
free fatty acid (FFA)‘orAnonesterified fatty acid (NEFA)

Plasma glucose: A monosaccharide of importance ‘»und in “he

blood. The most common form of carbohydrate substrate used by th:s body.

RN
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Relative humidity: Ratlo of water.vaper in the atmOSphére
to the amount o ater vapor required to saturate the atmosphere at

the same temperature.

Saturated fatty acid: A fatty acid which does not have a

daouble bond.

Unsaturated fatty acid: When-a‘fatty acid molecule contains

a double bond, it is said to be unsaturated.

-~ N

Wet bulb thermometer: An ordinary thermometer with a wetted

wick wrapped around the bulb. The wet bulb's temperature is related
to the amount of moisture in the air. When the wet bulb and dry bulb
temperatures are equal, the air is completely saturated with water and - -

the relative huﬁgdity is equal to'lOO‘per‘cent.‘.

)



CHAPTER II

REVIEW OF RELATED LITERATURE

»
The Effects of Exercise

1.  Glucose

c:I(lachko' et al. (45; studied the effect of low inten;ity
‘exercise oo blood glucosé level. TWenty—eight human subjects, aged
18 to 48 years, exercised on a treadmill walking half-mile walks,
at 4 mph,’one on a 2. 5° slope and two on a 5° slope.. At 2. 5 slope\
the pre—exercise blood glucose level was 82.1 mg/100 ml and after_ Ll
the walk the group shoWed a modest decrease'of 5.3 mg/100 ml in glucosei

concentration. On the'So:slope the decrement in glueose doubled with
a mean decline of llf7 mg/lOO'ml. | ,

-Pruett>(58) in an experimeht where nlne’healthy youog men,
22 to 33 years of'age,\exercised at three different’iotensig} levels,
added further informetion on &lood glucose concentration after
exercise. Under a standard diet, at twenty_per centlof their MVd;,
there was a statistlcallyjsignificaht (p<0.02) fall in the' blood
glucose cbncentrotion from the pre-exercise level. The ‘reduction was
from;96.2 to éO.6 mg/100 ml. At an intensity of fifty'ﬁer cent of '
_ thelsubjects’MéOz_there was a statistically significant ? 0.001)

fall in blood glucose levels (96.2 to 62 mg/100 ml). A<Eimilar

average fall in blood glucose level also occurred when the subjects.

'worked at a load esenting seventy per cent of their MVO2
. - '
(96.2 to 62.5 mg/100 ml). .



However, Hermansen et al. (26) found the glucose concenﬁration
:stabie at work loads averaging seventy-seven per cent of  the subiécga'
individual‘maXimal aerobic power. 'Two‘grouﬁs (trained and untrained)

bf ten healthy male subjecté worked to complete exhaﬁst;on on a bicycle
ergometer. Before work, the:mean blobd glucose\éoncentration was

93 mg/100 ml in. the untrained and 87 mg/lOO.ml_of blood in the trained

- group. JAt'the end of t&ent& minutes of exercise it\droppedyto 83 and

82 mg/100 ml reépectively, and remained at almost constant level until

A 4
exhaustion.

Research by the same author showed that exercise near the

§§02 increased the meanibiood'gluéose.concentratidn (27). Five.zﬁ

.healthy subjects. ran on a treédmill‘at their gfeatest possible speed

for five one minute bouts. Each exercise period was followed by a‘

. , :

four minute rest peridd. Hermansen et al; (27) found that the mean

blood glucose increased from 90 mg/100 ml at rest to 170 mg/100 ml

immediatelylfoilowing the fifth work bouﬁ.
' In.the‘light of the brecediﬁg‘repofts, we can'pres&ﬁéithpt

blood glucose conéentration level depends on the severity of the work:

load and the major food fuel is glucose when the predominant pathway

is a?aefobic.
\
\

2. Frée Fétty Acid (FFA)
i) Level
Rodahl et al, (62) found that the plasma conéentration of

FFA was stable. Eight men, 19 to\§8 years of age, participated in



studies on the effect of‘exercise of different intensity and duration
on plasma FFA. At the end of.intcrmittent work for thirty minutes or,
moderate work of 900 kpm on the bicycle ergometer for sixty minutes,
plasmaJCOncentrationiof FFA'was essentially the same at the end of the

work period as the pre-exercise value.

In a series which included-nork loads up to seventy“per cent

of‘MVOZ, Pruett (59) found that plasma FFA levels increased progressively‘

during exercise at all work loads. The average pre-—exercise values

and the values at the end of exercise for plasma FFA were 0.576 and

-

2.025 mEQ/L at fifty per cent MVO, and, 0.465 and 1.515 mEq/L at

' .

' seventy per cent MVO2

The- results, of Hurtef et'al. (32), Vihko et al: (71, 72),

‘are in agreement with Pruett's finding (59) Hurter et al. (32) found .-
that the concentration of FFA rose in fourteen athletes after a forty-two
kilometer racegover flat ground in a mean time of two hours fifty

‘minutes. There was a significant (p <0. 001) difference between. the

Vpre‘exercise and post exercise values. At rest the 'FFA concentration
was 0.60 mEq/L and after the.race it was 1. 38 mEq/L.

FFA in plasma was measured at rest and after aerobic
ergometer work by Vihko et al. (71) on sixteenfyoung males, 17 to 35
years of age. The exercise session consisted of three separate phases.
4Phase I was six minutes at'1,200 kpm;min, phase II consisted of twenty .
minutes at 900 kpm/min and phase III was nineteen:and a half minutes

at 900 kpm/min followed by half a minute at 1,500 kpm/min. There

was a rest period of thirty—four minutes and thirty minutes after phases

‘a
_-\,,

I and II respectively.. The total plasma FFA concentration was 565 qu/L

4
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-beforeiwork:and increased aignificantly (p<‘dl001)‘tob802 qu/L after
‘work, | | |

Using the_sane exerciso protocol, Vihko-et al. (72) found
“a significant increase in total FFA after exercise For untrained '
subjects the rest value of 587 uFq/L increased to 886 qu/L after
exercise (p< 0. .001). Mean trained subjects'total plasma FFA

{

concentration‘was 611 and 828 uFEq/L respéctively before and after
—exercise (p<0.02). - o | ‘ .
'There is no longer any doubt that the oxidation of fat

plays a vital role in the provision of energy for sustained muscular

" activity. The plasma FFA level, for instance, may increase (32, 59,

-»v O

71, 72) during wdrk, or&it may remain unaltered (62), depending on

the intensity and duration of the exercise

i1) Composition

-

In a study where fourteen athletes ran forty-two kilometers,

o

Hurter et al.- (32) found no_significant changes in plasma concentrations
of cholesterol, phospholipid, or triglyceride immediately after exercise.
However, significant changes were found after exercise in the fatty.

[

2cid composition of each of the four lipid'fractions. In the FFA,

t. .z a reduction in stearate and anvincrease in linoleate, Tne
PISa : distribution of stearic. was 15. 65 at rest and 12.25 after
e - O 02). Linéieic acaoounted for 7.96 per cent at rest
and 1 . " to 35.per et afterrexercise‘(p<<Q.05).‘ The-
trig. o o O terolAe zer, and phospholipid fractions each

showed a - " .-ge in cne ol e unsaturated acids (oleate or‘linoleate),

%
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v'with a corresponding rise in ; sgturatgd acid (palmitate‘Or Qtearate).

- In the study of Vihko et al. (71) the changes in the
concentration 6f individual plasma FFA were significaht (p< 0.001).ih
every acid studied. The concentration of individual plasma.saturated
FFA 1ncréasgd from rest to the end of exercise. ,Palmitic ahdtstearic
aciqs increased respectively from 226 and 70 qu/L to 311 and 82 uEq/L

.éfteg work. The same pattern occurred for the individual piasma | |
vunsaturated FFA. Palmitoleic, oleic and linolgasnacidsvinCreased
respectively f'rqn 29, 139, and 102 uEﬁ/L’ to 55, _23‘1, and 126 uEq/L after
exercise. : |

HoweVer,‘thé peréenféggs of iqdividual fatty aciu of the FFA
and the per cent ofvtheir cbntfibution fo the total FFA.were not the
samevafter as Béfore work. The pgr'ce;t’contrisution of palmiﬁoieic and
pdleic agids incfeaséd (pv<0.001)'whilégit‘décreased significantly
(p <0.005) for the other acids. o | |

,‘b Vihko et al. (72)‘Qsing the same.éxercisé proﬁocol as Viﬁko et

i al. (?1); fouﬁd similar results using trained and untrained sﬁbjects.
For untrained subjeéts, there w;s.a signifiéant‘increasehin all -individual.
- fatty acids studied. . The values of 221 and 64 uEq/L ;t rest increéééd to
1333.and 82 uEq/L respectively for palmitiﬁ and stearic acids gfter éxerc£sé.
fér unsgtuxatea acids,wthe values of 26,‘132 and 103’qu/L at rest rose
‘to 61, 264 and 144 uEq/L after work‘respectivély for ﬁalmitoleic,;oléic
and linoleic gcids. | ‘

I; trained suﬁjecté théré.was'no.significant‘ﬁiffereﬁce in-
s;eéric and iin?leic acids. Howevér, for thé‘untrained subjects, there

[}

was é signifiéaht increase -in palmitic, palmitoleic and oleic acids.

i
v

Coe
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The concentration of 238, 32 and 164 qu/L at rest rose to 326 61 and
230 qu/L after exercise for the three individual plasma fatty acids

respectively.

It seems that the relative proportions of the individual
fatty acids within FFA are altered during exercise. Each individual
fatty acid concentration increased after exercise but the per cent

contribution of each does not follow the same pattern. Unsaturated

acids increased in proportion whereas saturated acids decreased

3. Lactic Acid

In their study on the effect of increasing work load on
blood lactic acid concentration, Wells et al. (74) used six human
male subjects working on a treadmillvv The speed of the treadmill was
constant at 3 5 mph and the work load was increased in minute intervals
by elevating the treadmill angle. Starting from a horizontal position
the angle was increased by é; at the end of the. first minute and
thereafter the angle was increased 1z The exercise bout was terminated
two minutes after the subjects had achieved a heart rate of 180 beats/min,
Blood sample$ were collected during exercise at. pulse rates of. 120, 140
160" and 180 beats/min and during the two minutes ‘each following the
latter. o K

There were three distinctly different increments of lactic

’acid accumulation in the blood during gradually increased work. During

-light exercise in the initial eight minutes of work, pulse rate

increased to 120 beats/min and the lactic acid did not exceed the

*
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normal range. The values of 16.5 and 19 mg/100 ml were obtained at
rest and at the clghth minute of exercise, respectively. During
moderate work, with pulse rate be}ween 120 and 160 beats/min, lactic

acid‘in.the blood accumulated in a linear relationship with the increase

_ of work intensity up ‘to a value of 38 mg/100 ml. During severe work,
with a pulse rate gbové 160 beats/min, lactic acid increased to -

100 mg/100 ml or more,

The results of Pruett (59) are in agreement with those of
Wells et al;‘(74). At fifty'per cent r{VO2 blood  lactate increased

: from 8.1 to 14.5 mg/lOO ml for pre-exercise and end of work values,

respectively. At seventy per cent MV024thebreéults Qeré 10.6 mg/100 ml
: . : : ' ' bl

i

at rest and 23.6 mg/100 ml at the end of work.

It appears evident that lactic acid concentration in the blood

increased as the work loéd‘increased.

4, OxygenICOnsumption (VOZ)

It is obvious.that oxygen éonsuﬁption increases during
ekercige (3, 6,‘11, 55, 74, 76). vAs previously méntione&, Wells et al.
,(74) tested their subjects on a treadmil1 at a congtant speed increasing
the.wofk load by elevatiﬁg thé tfeadmill anglg. Oxygén uptake
was 0.26° d/mih af rest and incré;sed to 3.003 L/min at the,end §f the

work session. In that particuiar study the oxygen consumption rose to
' ' i

~about twelve times the résting value.

2 during the first minutes of

X

heavy exercise, Museular work was perfofmed on a Krogh bicycle

Xstrand ét al. (3) studied VO
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ergometer by five subjects. The results show an increase 1in VO2

as the heavy work proceeds and the réte of the increase in VO2 varies

Qith the work load.

5. Minute Ventilation (Ve)

-1t is also Qell‘known that Ve increases with increésing work
load during exercise.. In their experimental protocol, Wells et al.

‘(74) tested subjects ovef a Qide range of work loads. The Qork.load

- was assessed by'meésuringbthe heart rate. Exercise was done from a.
heart rate of less tﬁan 120 and over 180 beats/min. The average
experimental ée wé§‘6:7 L/miéiat reét and progressivel& iﬁcreaséd to
93.1 L/min with iQCreasing work logd from iig?t to hesvy'vork. *
Asmusgsen et al. (Zi‘and<gstrand et al. (3).fo§nd results ;
‘ \

‘which are in agreement with the above cbnclusidns.

6. Heart Rate (H.R.) S

. It was demonstratéd\By Wells et al. (74) that H.R;_increabpd

1 v

from 66 beats/min at rest td 191 beats/min at the end of exercise periods

where work intensity was increased from rest to 1,500 m-kg/min. This
and other evidence clearly shows that as work load incréases, 80 .

does heart rate.
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The Effects‘of Temperature
1. Glucose - _

Blood glucose concentration iﬁ rats appears to increase.
during cold exposure whereas exposure to a Qarm environménf seems
to result in ﬁo signifiéani effects. B

Gilgqﬁ et al. (20) expoeed"twelve.Sérague—Dauley rats for
;hreé hours at 4 degrees. C. Therevwas a sixty—five»per-cent increase

in plasma levels of glucose.

Himﬁs-Hagen (28) studiedithe effect of either cold 6ru§atm
' exposure on blood glucose.concehtrgtipn of‘warm-acclimated and colé-.
accliﬁatéd fats. Thérevwere two groups of white rats: .one grou§ made

| up. of‘forty—three rats was kept at room tembefature (19 to 24 Aegreea c),
and the other gréup made up of twenty-seQen rhgs was kept.in,the cola
room (2 to.4 degrees C) for thirCy;théee to seventy—fou; d;ya. Théh.
exposure to cold for_one hpuf and a half to thfgé ﬁours’slightly
incrgased (p.<0.01) blood glucose concentration in the vérm-acclimated'
raté. The plasma glucose.concentratién Being BQ3IuHole/lOO ml in

wafm compared tQ'96z uMolé/lOO m] in épld conditions. However, there
-was no difference in the cold—accliﬁatéa rats, whether they were in
thé warm or iﬁ the cold.

t» The results of Depocas et al.-(13) a?e quité similar. They
used two groups ofrmale'Sprague-bhwley rats, 6herﬁaiﬁtained at 30

™ degrees C and the other at 6 degfégs‘c for eight weeks. Then each

‘group was exposed for three hours at 30 degrees C and at 6 degrées‘C.
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o
Exposure of warm-acclimated rats to the cold environment increased

" the plasma glucose concentration significantly (p <0.05) from 136 to
/161 mg/100 ml. Transfer of cold-acclimated rats to an enviromment at

. ~ . ) .
30 degrees C r- 1lted in no significant change in glucose concentration

‘in the plasma.

H&wever, withiﬁumén subjects during exercise, the plasma glucoge
éattern seems to increase 1n.heat, ‘Rowgll et 31.1(63)“exposed eleven
'human subjec;s, aged from 21 to 26 yea;s,fto h;at,(46 to 48 dehrees C).
A level of éxercise was chosen for.the experi;eﬁt which required forty-
twé to fifty%six péflcent Mooz'énd_a H.R. of less than 150 Seats/min
at 25 degrees C. Subjects then exefci;ed.on @ treadmill at 3.5 mph on
grades ranging from 2.5 to 10X depending on the subjects'MGOZ;
Arterial glucosé'conceutration rosé‘from an average of 93 mg/iOO ml
at rest to 106 @g/lqo ml. at exhaustion. |

Fink et al. (16) s-udied blgod glucose concentration during. ‘I
exgrcise 1n_£he heat and cold. Six men,.aged-ffom 21 to 39 years, |
were subjeéts. The experiments were conducted in a chamber maintéinéd
either at 41 degrees C or at 9 degrees C. Exercise\consiated of
three fifteen minute cxcling bouts at seventf to eighty-five per cent
of the subject s aerobic capacity,'vith~a ten minute period between
each bout. In ihe 41 dggrees C.eﬁ§i£onment, plasma glucose was
-80 mg/100 ml ;t'rest and significantly (p< 0 05) increased to 87, 95
and 91 mg/100 ml respectively after the first, second and third ‘fifteen

minute cycling bOuts. In the cold however, setud glucose showed a

small decline (p< 0.05). The value at rest was 81 mg/100 ml and

]
AN

76, 78 and 76 mg/100 ml respec-ively after the three exercise periods.
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2. Free Fatty Acid (FFA) ' ..

~»

Alexander et al; (1) exposed six lambs to .a warm environmen
(29 degfees C) for one hour and, to a cqld enviromment (-5 to -15
degrees C) for the next hour. Although éhanges in the FFA égnéentrat
showed considerable variability, the concentration clearly increased
when the .animals were exbosed to cold. 1In the warm environment, FFA
concentration was stable around 0.6 mEq/L for the whole hour of
exposure, whereés it increased over 1.00'mEq/L when exposed to cold.

Quite similar results were found by Paul et al. (55, 56).
Free fatty acid concentration was FCUdied in five dogs in .the basal
Qtate at 22 degreées C and‘dur1ng~c61d exposure at 4 to 5 degrees C.
The experiment consistéd in keeping dogs at rest for two hours at
22 degrees C. Then the room temperature was décfeased over a period
.of sixty to ninety minutes to a new leveliof 4 tobS degrees C which;
was ﬁaintainéd foF an additional ninety td one hundred twenty mi;u:es -
Under the temperature of 22 degrees C‘the plasma FFA concentration
was ‘0.605 uEq/ml. It increased to 1.018 uEq/ml during acute cold-
exposure. E -

Exposure to cold, with huﬁan.subjects at rgst, results in
the same FFA pattern. Hanson et al; (24) exposed four gibjects at
rest to 0 degrees C fbr ninety miﬁutes followed by a recovéry period
of four hours at 25 degrees c. The .results showed ;ﬁat, at the end
of fhe ninetybminute period, the cold‘exposure plasma FFA were
' "significantly (p <0.05) higher. Thé over-all pattern 6f increased

FFA levels after ninesy minutes at 0 degrees C is followed by a
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steady decline in the recovery pogiod The rest value of 630‘ﬁﬁq/L
rose to 950 uEq/L after exposure to\bold |
However, exercise under exposure to cold and heat enfironmente
appears to cause nohsignificant effect on FFA leyele.‘ Fink et al. (16)
found Fhatvalthough FFA showed a significane (p < 0.05) increase as a°
" result of exercise there was no difference’between the two ekperimental o
" conditions. In the él.degrees'C environment plasma FFA‘was 0.29 mEq/L
at rest and sigﬁificanfly increased to 0.35, 0.46 end 0.39 mEq/L levels'
respectively after the first, second and third fifteen minute cycling
Ct“bouts "The results under eold exposure are qﬁite simiief.sinee plasmaq
:FFA increased from O 29" mEq/L to the values .of 0x31, 0.33 and O 41
" mEq/L after the three_exercise\bouts respectively. 1In both'env1ronﬁents-
the‘rest;;g value was 0.29 mEq/L and rose to 0.39 and 0.41 mEq/L‘under
heet and cold enviromments respectively.
3.‘ Laetie Acid

_wmyheﬂeffects of cold ‘exposure of -animals on lactate 1evel
bwere studied by Alexander et 51. (1). Lambs were held in a
therﬁoneutrality chamber at 29 degrees C for one houf. The chamber
was ﬁheﬁ cooledfeo between_¥5 and -15 degrees C and lambs exposed
for another hour. In eadh of the six lambs, the concentration of

N
lactate”eleerly increased,‘gj two to three fold, when the aﬁiﬁaief
were exposed to cold Under thermoneutrality at 29 degrees C, blood

lactate was quite stable around 20 mg/100 ml. This blood lactate ,

nconcentration increased to 75 mg /100 ml undericold exposure.
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' In a study using human subjects, Roweli et al. (64) found
that blood lactate concentration was slightly higher during work at
48.9 degrees C Seven men were studied during exercise under heat
stress. Blood lactate at 25.6 degrees C was compared with blood lactate
after fifty minutes of prolonged treadmill work requiring forty-one to
fifty four per cept MVO2 at 48.9 degrees C. -
Claremont et al. (10) found that blood lactate concentration
was-greater during exercise in heat compared to cold - Eight healthy male
volunteers exercised on a bicycle ergometer on tw. separate occasions.
The eéxercise ‘work load required fifty-two to fifty- -nine per cent of the
subjects'M\./O2 and had to be maintained for thirty minutes on one
occasion ambient: condition was 34 degrees C and on the other occasion
it was O degrees C. 1In the heat blood lactate level was 35, 9 mg/lOO ml
whereas it was 26 5 mg/lOO ml at 0 degrees .C.
Fink et al. (16) found similar results. Blood lactate
fgaccumulation was roughly twice' as great during the heat experiment -as
that measured d ing exercise in the 9 degrees C environment These
differences we{Z found to be signiffcant beyond the O Ol 1evel of ~
confidence.' The highest blood lactate concentration was around

50° mg/lOO ml during exercise in the heat whereas Vas“around

27 mg/lOO ml under coid environment.

4. Okygen'Consumption (VOZ)

Acute cold exposure experiments have been conducted on normal -

" dogs at rest (55, 56, 57). Paul et al. (55, 56) measured the effect’
. ; . ~ .
of exposure to cold on V02. In their experimental Procedure, dogs were
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first allowed a rest control perlod of(twoehours at 22 degrees C.

This was followed‘by an exposure'to cold at‘é to 5 degrees C for an

J

additional two hours. The oxygen consumption per kilogram was
6.97 ml/kg/min at 22 degrees C and it increased to 10.04 ml/kg/min
under 4 to 5 degrees C cold exposure. Those results were significantly

different at the 0.001 level.

‘Pernod et al. (57). exposed fifteen dogs to cold ambienth
temperature (-25 degrees C). 'Thcy were exposed at rest’ for a four
hour period. The data used for the calculations was obtained during
the last ninety minutes experimental pcriod Oxygen consumption rose
from 5.5 ml/kg/min up to 40 ml/kg/min.

The effect of exposure.to heat in humans, in a resting state,
'was studied by Consolazio et al. (11). The oxygen consumption of seven

‘ : !
men, between the ages of 19 and 25, was measured at. rest at three
different levels of room temperature 21.2, 29, 4 and 37 7 degrees C.
In this rest period, VO2 was 0. 273 0. 282, and 0.304 lein at 21.2,
29.4 and 37.7 degrees'C, respectively No significant difference ‘was
obtained in VO2 between the 21 2 and 29. 4 degrees c temperatures
However the VO2 at 37.7 degrees C was significantly higher.

: In ‘the. same study they measured the effect of exercise under

the same environmental temperatures on VO2 There were two levels of

2
"~

exercise work load a fairly heavy work on the bicycle ergoreter for fifty .

‘minutes requiring- between 1.2 and 1.6 L/min and, another period of

-

moderate exercise for fifey minutes requiring between 0.6 and 0.9 L/min.

The oxygen consumption averaged 0.521, 0.525, and 0.590 L/min for the

_ moderate work; and 1.422, 1.404, and 1.570 L/min of oxygen were used
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for heavy work, for the 21.2, 29.4, and 37.7 degrees C test periods,
respectively. Values for the 37.7 degrees C phase were significantly
higher than those for the 21.2 and 29.¥~degrees C phases.

However, William et al. fi?) found that exercise under heat

conditions reduced VO Three subjects acclimatized to severe heat

2°
pédalgd at the determined load»for'different pgriods of time.
Comp;risdns of oxygen intake values in comfortable (21 degrees C) and
in heat (56 dégreesVC) coﬁditions gf lévels.of work léss than the
maxifium were significantly (p < 0.0SS different. Oxyéen intaké was’
significantly lower in hot ‘than in comfortéble,conditions over quite
a wide range éf work rates in all threeISubjectsx

The fesultsﬂqf Brouha et al. (6) are in agreement w&th the
previpus findiné. Eleven subjects performed in their experiments.
The wofk conéisted of pedaiing a bicycle ergometer for thirty-four
‘migutes: fifst at a subﬁaximal w;rk_rate for thirty minutes, thén
wi;hout interruption at a maximal work rate'for four minutes. Thé
bthree environmental condrtions we:é 25, 32.2 (humid), apd_3%;2 (dry)

degrees C. The pre-exercise VO, levels were 0;262,'0.274, and

2
0.254 L/min at 25, 32.2,.and 37.2:dégrées C, respectively. Then at:

the end of heavy load pedaling, Vo, values averaged 1.882, 1.776, and
1.611 L/min, respectively; The results at 37.2 degrees C were 1"
. o

significantly (p‘<0.0I) lower than those of the two other temperatures.

In an attempt to determine whetherAVOZIis increased or

decreased in hyperthermic exercising men, Rowell et al. (64) measured

VO, in fifty-four men under six different environmental conditions over

a wide range of work inténsities and duratibﬁs. In each btudy-the speed
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and gradé-of the treadmill were set to provide the desired level of
. ) o / <

VO, in terms of percentage of MVOZ. The results revealed no significant

2
éffeét of'elevated teﬁperature on 602. ‘ ' ' .
Likewise Pgndglf et al} (51) tesﬁed four subjects at 24 and
45 degrees C. Oxygén'consumption was determined‘during intermittent
and prolonged exercise on a treadmill,  The intermittent téstiqg
sess#ons consisted of‘eight cycles of ten minutes exercise.and five
miﬁﬁgeé'recovery. All subjects walked at 3.5 mph at a 77 to 92 g;ade
whichvyieIdéd appfoximately fifty pér cent of their M&Oz. Prolonged
exercise was'conduc;ed confinuously for ninety minﬁtes.' The time course
of the oxygen uptake during the first énd the eightﬁ exercise-rest »
‘cycles of the fwo hours intermiﬁ;ent‘éxercisevin both.neutral and hof\sNN\\:
ambient envi;onments was praétically the same. Also, Goz‘obtained |
_throughout,thé ninety minutes .of prdloﬁgé§ exercise was- the same for
‘the .eutral‘énd_the hoﬁfdry enviromment.
.In éomparing the effe;t of coid (9vdegrees C) and hgat .
651 deg;ees C)‘environmentallstress on 602 dur;ng exercise, Fink et #1.
(16) cénducted.experiments onlsix subjects. Exércise Eonsisted of
.three fifteeﬁ minute cycling bouts at seventy to eighty-five per cent

MVOZ’ with ten minutes rest -between each. When;compared Qith cold data,

~ the results showed a significant (p‘C0.0S) increase in VO2 during

exercise in the heat. At the end of each of the three fifteen minute

2

cycling bbuts, the VO, was around 2.25 L/min at 9 degrees C and around
2.6 L/min under heat at 41 degrees C.
Howevef, Claremont et al. (10) obtained contrary results.

Eight subjects exercised on & bicycle ergometer for one half to one hour



at loads demanding f1fty two to fifty nine per‘cent MVOZ, gnce at

0 degrees C and once at 35 degrees C. Despite identical ergometer load
setting in both environments, a significant (p< 0.01) Higher VO2 was
observed during eycling in.the cold. Mean values were 26.6 ml/kg/min
'in the heat and 29 7 m1/kg/min in the cold.

%
5. MinuteTVentilation (Ve)

",

The effect of environmental temperature on resprration has
be&en examined on pigs by Ingram et al. (35) and on'sheep by Joyce et al.
(41). I

Ingram et al. (35) used eigbteen pigs in their experiments.
When~observations were made on‘oigs;exposed to a temperature below 36_
degrees C, the animal was placed in the-room for one hour before |
bmeasurements were taken. At higher ambient ‘temperatures, measurements
were made as.soon as the. animal ‘was settled in the stall.

ﬁean minute volume increased from 9 to 14 L/min in all'-

animals exposed to temperatures between 0 and 25 degrees C as the

temperature fell. Statistical analysis revealed that the correlation

'

between ambient temperature and minute volume was significant (p< 0.001).
Minute volume also increased from an average of 10 to 30 L/min
‘when pigs were exposed to ambient temperatures of 45 degrees C (dry bulb)
and 25 degrees C (wet bulb). Minute volume increased with the rise -in
body'temperature;‘ |
Joyce et al. (41) investigation on sheeb resulted in :

similar results. They found that pulmonary ventilation increases at
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‘ Both temperature extremes.

It seems thét thé effect'of envifonmentgl témperatures dﬁring
exercise has been investigatéd only under normal and heat.conditions.
Miller et al. (49) measuréd the éffect'bf‘eﬁvironméntél tepperétures.
duripg_exercise_on ée using fouf.men partially acclimated fo.heat. The

exercise consisted in a twelve minute progressive submaximal exercise on a
. ‘ ~ g

bicycle ergometer. The subject was first exposed to the temperature
condition, at rest for ome hour, before moving across the cyclé where

he sat at rest for a further 10 min. He then commenced the twelve minute

~

exercise at a pre-determined work load. The power output. was raised
from the initial by 10 W/min. This procedﬁre was designated to ensure
that the subject would reach about 70% of his peak pérformaﬁce during

the final minute.

The results indicated that the effects of variation in
dry bulb temperatufég;between 21 and 35‘degrees C (50-65% rel&t{ve

humidity) increéased ﬁinute ventilation. This increase was appfoximately

linear and statistically significant (p<0.001) with air temperature.
. . . - T ' .

It amounted an average 0.47 for each degree riSe,;n dry bulbitemperéture,

"

Pandolf et al (51) szudied Ve auring>intermittént and
prdlonéed e#ercise 6n a freadmiil.;ﬁAs ;hey'fqund foryéoz,v;e at 24
degfees C did not differ in the‘heaf ;t 45'dégreés C (dry buIb).

Miﬂute ventilation.ﬁalues\that_veré obtained thro;ghout intefmittent or
éon;inuous exercise were not significantly diffefent from fhe neutrgl
and thg hot-dry éﬁvironméntg, |

| In‘his.experiﬁéntél progocol, Brouha et'ai. (6) tested tﬁe

effect of dry and warm envirommental heat on Ve. After an exercise period
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of 34 minutes (30 min. submaximal work rate and 4 min. maximal work

rate), the Ve value at normal Yoom temperature (2° degrees-C, 432 R.H.)

was not significantly different from the Ve at warm—-dry conditions (37.2

degrees C, 257 RtH;). However, the Ve before‘and after exercise under
warm—humid'conditions (32.2 degrees C,‘821~R.H.) was significantly

(péNO 05) different when compared to normal temperature. 'This change
observed was an increase in pulmonary.ventilation. For normal,vvarm—dry
and warm—humid temperatures, the average pre;exercise values for all
eleven subjects were 7 73, 8.28 and 8.58 L/min, respectively. Similarly :
it was 43.75, 42. 11 and 47.38 L/min, respectively immediately~after

exercise period.
. : &

6. Heart Rate (H;R.)

: Frewin et .al. (17) carried out ekperiments'on five human

subjects aged 18 to 42 years. After a rest period of thirty minutes in

"the experimental.environment»(lo or 40 degrees C) ﬁ.R. was recorded.

Average H.R. at rest was 82 beats/min at 40 degreesAC[exposure whereas
it was 66 beats/min under 10 degrees c environmental temperature exposure.

After the rest period exposure, the subjects then exercised
2
on a treadmill walking at a speed of 3.5 mph on a 8.6Z-grade for twenty
minutes in the experimental environment (10 or 40 degrees C). Whereas
H.R. in the heat was higher, results<showed that exercise in the cold
caused H.R. to increase by the sameIOrder'of magnitude.asnseen at 40

degrees C. Mean H.R. increased from 82 to 119 beats/min in the heat

and from 66 to 106 beats/min in cold environment.
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' Claremoné et al. (10) and Fink et al. (16) found similar

results and concluded CQES/HTKT~13 significantly higher during exercise

in the heat compared to standard and cold environments,



CHAPTER 11II
METHODOLOGY

Sample

1

Six.male volunteers; 24 to 34 years of age, participated in
the study:. They were physical “education students at the University of

Alberta.

Testing Conditions

For the entire experiment, a vertical rod was fixed to the
hendle—bar of a Monark bicycle ergometer, in order to support the
.tubing system for oxygen consumption measurement. It was possible for
_the subject to move the vertical rod in a forward-backward direction.
At the signal of the experimenter, one minute before the ‘gas coIlection
time, the subject pulled the vertical rod, adjusted the- m0uth piece
~and, put the noseclip on. This was‘é6ﬁe by»the subject himself undet
supervision. “

The gas collection was done by.thevsimultaneOus work of two
experimenters._ They were responsible for opening and closing two
different valves One Yhich permitted inspired air to pass through
the volume meter and the other which permitted.expired air to enter
a Douglas bag. | |

During the experimental sessions the subjects wore only shorts

and footwear.

27
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Maximal Oxygen Consumption Determination

Maxinai oxygen consunption (M&Oz)-was established in a separate,
preliminary test for each subject (48). Gas collecticn and‘analysis A
'equipment'included a'Collins Triple-J valve, Douglas baés, a Beckmanl
model E-2 oxygen enalyser, and‘a KK_Godart capnograph CO2 analyser.
vCalibration of the apparatus was'performed before use for each
subject.

The test consisted in having the subject pedaling on a Monark
bicycle ergometer. A ten minute warm—up at 450 kpm/min (50 rpm) was
fcllowed by a two minute rest period. The subject then pedaled at
7;0 kpu/min worg load for four minutes. After a five minute rest
period the work load was increased by 150 kpm/min and the subject
pedaled for an additional four minute period Expired air-for the
vdetermination of VO2 was collected during the last minute of each
work period. The,procedure was continued until the subject was not
_able to continue or until the oxygen uptake,vfron one work period td
another, declined. The highest 602 for the subject was accepted as

being the MVO_ . Seventy-five per cent of thevMVO2 was then calculated

2°

:and the corresponding work load was used by the subject for the entire

experiment.

Experimental Testing Procedure

4

The experiment consisted of twenty minutes of exercise on the

bicycle ergometer at three different environmental temperatures,

—

(4°C; 21°¢ and 40°C). Ec subject was given a different order of

e

e
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'performing the three treatments; so all the possible permutetions were
used (Appendix A).; Immediately_before each experimental segsion, the
" room temperature,»the barometric‘pregeure and phe relative humidity were
'reCOraeq. The subject was then weighed and allowed a five minute:fest
period, while sittihg on the bicycle ergometer at the temperature of the
.experimental treatment. This temperature was ﬁaintained fof the whole
testing session. A gas collection was made between the Ath and,tﬁe‘SFh
~minute of rest and, a blood sempletwas taken at the end of the SFh'minute
of rest.’ The exercise was then started with no warm-up at the
predefermined work i;ed (seventy—five‘pee'cent of the subjec;;s H&bz)
and maintained for twenty minutes at a frequency of 50 rpm.
| Throughout the experimental eession hea;t rate wae recorded
eacﬁ minute»wifh a SanbornVSbOAVieo—Cerdiette. ~Additional gas‘sampies
were taken between_tﬁe 1%t and an, 6th and 7th, ada the 19th and 20tb
miﬁutesqgf’exercise. ' The collection andithe analysis were made usingy
the proeedure and apparatus as descfibed above. Collection of exni?ed
.. air involved the use of four different‘Doeglas bags with analysis téx\l‘\c:hmg.~
place immediately at the end of the twenty minutes of exercise. |
Three'additional quod’semples were taken at the end of the
an"7th’ end 20th minutes of exercise; Tﬁe blood sampl were takeg
eltefnatihg arms'ogjthe,sﬁbject.by a 1aberatory technicianvae tﬁe
end of ;he gas collectien period. The toufniquet vaé\put in place
fifteen seconds before the end of the gas collection Aeriod. Thg}l
subject was pedaling when the blood samples were taken. ‘Thevaere'

taken from the enﬁecubitalbvein with a 10 ml vacutainer containingv

EDTA (Ethylene Diamine Tetra Acetate) as anticoagulant.

¢



The blood samples were then immegiately prepared to.later undérgo the
appropriate biochemical analysis. The blood glucose was éé}orimetricaliy
’ analyzed (67) a; the end‘of‘the twenty minute exercisg period, the #
plasma lactéte level was méasured (70) the day after tﬁe experimental
session.and'total fatty:acids were chr&matographically analyzed (75) a

morith later.

Statistical Procedure and Experimental Design

Thé déta was analysed uéing_an analysis of variance: threer
wav classification. There were three level§ of‘femperqture treatment
and four levelsiof time tre;tmentt Each squect‘was tested under
each of the temper#turé ahd_time treatménts. The simpleéi
conceptualization o£ such a design is to consider subjects as an
explicit dimension of the design; then each céll of the design contains
éne observatidn (12). -There ié, 6f course;‘no esﬁimate of pure
experigental grrof since, with one observation per tell, there 1is no
within ; cell variability in the data. Consequently, thereiis"no!
appropriate denoﬁinator_to form ratios for any of ;hé effects involving
subjects. The apbrop;iate'F ratios for the teﬁms from the basic

factorial design are: MSA/”SAS’ MSBYMSB . MSAB/MS (Table ;).

S ABS
Where the homogeneity conditions were not met, a conservative testing
S 7 B
procedure (adjdﬁtment of degrees of freedom) for the within-subject
effects was used (1 . A Tukey (73) test was then calculatéd to

determine the precise location of. the significant differeﬁceq in the

study.
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All computations were made with the IBM 360 computer at the
University of Alberta, In all statistical-analyses, the 0.1, 0.05

and 0.01 levels of significance are reported.
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CHAPTER 1V

RESULTS AND DISCUSSION

Rgsults

The statistical analysié summaries of the Three-Way Apova on
each physiological parameter are presented in Appendix Cf In Appendix
D, statistical calculations for repeated measures. on the same subjects
are preseﬁted. The.F values for 'A'vmain effects (Temperature), 'B' méiﬁ
effects (Time) gnd 'A*B' interacti&n are given. Fdr the pdrgose‘of the

discussion, three levels of significance were retained, that is, .O}, .05,

and .10.
l,b'Subjects

Six male\subjects, 24‘t6 34 years of age, participated in this
‘study. They -were ﬁhysicél education students at the University of.ALbefta.
I;\Taﬁle 2; the physicgl éharacteri;tiés of £hé subjects.involved in this'
experiment are presented. These’values were measured at the timé'of the

: . :

MV02 test.

i

, ‘/
2. Plasma Glucose Concentration

The values of ﬁhe‘plasma glucose level dﬁring exercise under
different environmental teﬁperétures are presented in Table 3. A
different pattern occurred in cold as compared to hot and standard
environments. Under cold stress, the glucoée‘level decreaéed
progressively from 87.0 to 76.5 mg/100 ml of pIasma,.wheréas in hot

and standard conditions it decreased until the seventh minute of

exercise and then prbgressivély increased until the exercise was

33 . : .



34

80°9T 76°8T 6T-"9 8€"0 €L°¢ 0%°¢ *a-s
ALY 9T €T LZ°0% '86°C €S yy £°9Z SNVAR
NIN/SIVEE °_  NIW/1 9A/ zwz\ T .zwz\ T Y SYVAL

"MUH XVH Y 9A XVK 93/ 06K " “0AR \\ IHOTAM 9V

2

=

4

(suotieTABq PIiBpUBlg puEB SUEDY)
SOILSTIALOVIVHD TVOISAHd, SLOAr€4NS

9 = N

¢ F1avL



35

T2 .00T/3w uy g83Insgau AH¢ “q°N

€9° L

0t* L

6°0C LT'ET -€9°0T L'y 678 €6°¢ TE6  25°L ¢8°0T 66°9 "a’s

. L7€8  0°€8 679l L'6L -8°9L T°%8 8'18 G'€8 G'98 0°€8  0°S8  0°/8 SNVEH
4
WevVM  cars 4700 WIVM  tals Q10D VM "aLs Q100 WIVH  tals @100
9,07 . D,1T D % 2,07 ; 0,1¢ D% 0,0 O, TZ: O 2507 D5TT - Dy
NIK 07 ‘ NIK ¢ _ NIR ¢ ISTd
_ _
9 =N

2

£ dTdVL

(SuoOT3I®TA3( PABPUB]S PUB SUBIY)
NOILVILNIDNOD dS02NT9 VHSV1d



36.

terminated after twenty minutes. However there were mo significant

differences in the results either for température or time effects.

3. Plasma Totél Fatty Acid Concentraéion

There was ﬁo'sigﬁificaﬁt difference in plasma.potal fatty
acid concéntration in time or ﬁnder the varioqs temperature conditions.
Thé results are present;d in Table 4. Under the three environmental
temperature conaitions, there was a small but not 81gn1fiéant tendency
to increase from rest to the end of the twenty minuté cycling.exercise
bout. vAlthough hiéher plasma_totallfatty‘acid concentrations were
found in heat than 1in cold, the differences were ﬁo; stafisticélly
‘significant. |

The results of per gent‘éaturated and unsaturated plésma‘total
fatﬁygacid were similar to those of total fatty écid, Méans and
‘standard deviations are given in Tables 5 and 6'respectively‘fot

b

saturated and unsaturated fatty acids.

4, Plasma Lactic Acid Concentfatioﬂ s

The plasma laétic acid results are presenﬁed in Table 7. The
lactate level increased significantly (p <0.01) during exercise in the’
three enyironmental'fempéfatures. ‘As shown in Figﬁre 1 the highest
.values were obtained uﬁ&er Hotxand cold stresses at fhe end of the
twenty minute exercise bouf. Plasma lactate levels were 63f5 and-
'64.7 mg/100 ml ;espéctiQely; Thg_lactateblevel at fWéntylﬁinutesvunder
standard environment was slightly lower than hot and cold conditidns.

" It was 49.2 mg/100 ml of plasmé. However no significant difference .was
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Lactic Acld (mg/100 ml)

' comm————— Cold

emsvassRwee Shndlfd

. 7 20

Time (min.)

Figure 1: The effect of acute exercise on plasma lactic acid con-
- » centration under three different environmental tem-
peratures. :
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found between the three temperature conditions.’ From Figure 1 {t also
appears that no steady state in plasma lactic acid concentration was
‘reached during exercise under the three temperature conditions as the

lactate level increased progressively through the exercise sessions.

5. Oxygen Consunption (602)

* The oxygen consumption results are presented in Table 8.
Oxygen cOnsumption increased significantly (p< 0.01) during exercise.
under the three environmental temperature conditions. As shown 1in
~Figure 2 there was a‘fast increment from rest to two minutes of exercise
and in. the following minutes a steady state was reached'and_maintained
for the‘remaining time of exercise. "At rest, for‘cold standard and
hot conditions it was 0.35, 0.25 and 0.32 L/min respectively. After
two minutes of exercise values of 2.01, 1. 84 and 1.62 L/min were

recorded However temperature had no significant effect on VO2 during

~
.

exXercise,

» Nevertheless when 692 results were computed per kilogram of
body'weight e significant (p~‘0.l) difference appears between cold
- results and the two other temperatures, The means of VO /kg under cold
were uniformly higher as shown in Table 9 The time course of VO /kg
-during exercise under the three temperatures is presented in Figure 3.
The highest mean value under cold was 31, 58 ml/min/kg after seven minutes

of exercise. For standard and heat conditions it was 26 62 and I

.27.38 ml/min/kg respectively after twentx,minutES of exercise.
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Oxygen- Consumption (liters/miny

25

44

v..--.---.-- st.nd.rd
2, 7 . S 20

Time (min.)

’Flgure 3: The efi‘ect of acute exercise on oxygen consumption
' under three different environmental temperatures.
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Oxygen Consumptiqh per Kllograhm (ml/mlr;/kg)

40
\
32
[ J
I — e T -
: /..——————_:-:-—“l---linonnunan.
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e Cold -
- Heoat

i

.- Time (min.)

¢

Figure 3: The effect of acute exercise on 0xygen'consumptlon
per kilogram under three different environmental tem-

. peratures. ‘
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6. Minute Ventilation (Ve) ‘ ' _ .
As a result of exercise, there was a significant (p< 0.01)
change in Ve between pre- exercise and end of work values This is

illustrated in Figure 4. Minute .ventilation increased continuously

through the exercise sessions and no steady state was attained. The
. Pre—exercise values were 19.35,v18.92 and 16.72 L/min respectively for

cold, standard and hot conditions. The corresponding end of work values’
<

were 85.15, 77. 59 and 90“45 L/min respectively. These values are

presented in Table 10.. However temperature had no significant effect

vn Ve level, during exercise Minute ventilation values were similar at

rest and at the.second, seventh and twentieth minutes of exercisé?under

the three environmental temperature conditions.

\ | | | |
i 1 .
T . . . )

. - . o

7. Heart Rate (H.R.) . . ,
As'illustrated'in Figure 5,‘H.R. %ncreased drastically
(p <0.01) through exercise. This increase, was very rapid‘between rest
and-two.minutes of exerCise; Under the three environmental temperatures
it was between 80 to 100 beats/min at rest -and it increased to 148 to
157 beats/min after .two minutes. After the twenty minute exercise .
sessions it was 171 to 191 beats/min under . the different experimental
conditions. No true steady state was ‘attained:’ Moreover, H R. under
= hot stress was significantly (p< 0. 05) different fr. ld and standard
conditions. As shown in Table 11, the highest value was always under

hot environment.- There was no significant differencge between cold and

o~ environmental conditions.



Minute Ventilation (liters/min)

100

80 =

D
o

40

| ®memmm e Heat

----V-.--Q-- S'.nd.rd
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‘Figure 4: The effect of acute exercise on ventilation under thrée
different environmental temperatures. N
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' Heart Rate (beats/min)

200

160
120
80
40
. . ' ¢ e Cold
omesenasw= Heat
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0

~ Time (min.)_.

Figure 5: The effect of acute exercise on heart rate under three
. different environmental temperatures.
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Discussion
. The aim of this research was to observe how some physiological
parameters react to exercise under.various environmental temperaturesf
In this regard a discussion of phpsiological reactions under normal
environment will follow. These normal reactions are used as references
for comparison with hot and cold reactions which will be discussed later;
f} Reactions Under Normal Environmental Tempersture
The liver is the most prominent sourceﬂof blood glucose (47)
land it is also}able to respondrrapidly to changes of élucose concentration
.in tne portalaweind When the portal vein blood contains a high
~ concentration of glucose, the liver removes glucose from the blood but,
when.the;concentration is-low; the liver releases glucose'into the
blood. rItvsppears that the rate.of releas. <d the rate of. peripheral

removal of glucose are under strict hormonal controls (38, 53). In

this control insulin plays the major role by decreasing blood glucose ;“»M

levels (38).
The central pathway of carbohydrate catabolism,in,mosticells,' i
1s the conversion of glucose to pyruvate catalyzed by the glycolytic
'enzymes'under aerobic or anaerobic conditions. A'stress condition such
as exercise is known to increase muscle cell permeability to glucose,
‘possibly by the same-mechanism as insulin (30, 60). This muscle‘cell
permeability seemsrto cause a rapid fall in the level of blood glucose
(22,»34); and this reduction of blood glucose concentration,‘stimulates

the liver to release'glucose into the blood. . From this increase in
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glucosé mobilization the turnover rises and its participation in

exercise metabolism also increases. Clucose permeability, and therefore

the glucose uptake, seems to be the rate limiting factor in. the glucose

supply to the workihg muscle.

~

The point at which subjects exhibit a changeover from a

decrease . to an increase in blood glucose concentration at exhaustion

-,

- appears to lie between seVenty qu eighty per cent of the MVO2 as

'measured on the bicycle ergometer (59).' Thus the’criticél experiments

are those at/or near the seventy~five per cent MVO2 level,
(\

‘Mobilization of fatty acids is known to occur in higher animals

in response to:bbth“psychological and physiological stresses. Such

.conditions result in an elevation of the plasma‘FFA level and ﬁhis

implies'én increased mobilization of fatty acids. The available evidence
strongly suggests that this mobilizatioﬁ,is caused directly or indirectly -
by epinephrine,:norepinephriﬁe, growth hormone, and hypoglycemia (50).

However there are other factors which may inhibit the FFA mobilization.

. Two of these.factors aféﬁéﬂwiné;éésé'1ﬁugisodwlacfiérabidNEoncentratibn'

';anﬂ a reduction ih blood pH. Those fégulatory mechanisms which affect

thg plésma FFA level pusitively or gggaflvely'work the same way.‘ They
N . . 'f . ’ .

do so by contfolling the rate of release of FFA (1ipolysis) rather than

the rate of uptake (38).

Duringﬁlight'exercise as long as the oxygen éhpply is adequate,
the FFA rélease‘increasgsvand few of the FFA are activated for

re-esterification. Consequently the FFA turnover rate and the FFA

oxidation rate increase with the aerobic work lohd,but; the percentage

of total energy derived from plasma FFA oxidation will be the same (54). -
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When work is performed above the physical capacity of‘the individual,
‘the oxygen supply is inadequate and anaerobic glycolysis occurs. ' Thus
the 1actic acid concentration increases and the energy supply derived o
trom.FFA cannot cope with this increased work load. It would be a logical
assumption that during heavy work, when the blood lactate quickly rises
the elevated lactate level itself"depresses the release of FFA from the‘
adipose tissue (36, 37, 38); The re—esterification prevails, and the
turnover rate of.FFA decreases (38). |

Exercise is also known to alter the concentration.of some
plasmaelipids (7, 16, 62).. Investigation into the effect’of exercise on.

the plasma—lipids has 'so far been most concerned with changes in the

concentration of the totalslipids'fractions By contrast,vthe fatty

acids contained within these fractions have received relatively little
attention. However, it appears possible that a preferential muscular
oxidation of the unsaturated acids takes place. Ae with the FFA,'there;
~ seems to be a preferential oxidation of unsaturated components in the
’complex lipids (23 32 71). |

T

~In aerobic conditions 1actate concentration does not. increase‘¥

j -

e

because an equilibrium exists in the reaction between pyruvate and lactEtET‘

However under anaerobic conditions, as during vigorous exercise, there
/‘~/ ’

is an increase in lactate concentration to very high values (50). Under

anaerobic conditions the major proportion of the pyruvic acid is converted

into lactic acid, which diffuses readily out of the cells into the

extracellular fluids. There is an. increased lactate concentration in the

blood and removal of lactate by the liver 1s the main mechanism by

‘which blood lactate can return to a normal,level.

—
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It is well known that VOZ’ Ve and H.R. iIncrease with increasing
work loads (3, 4, 74). This 1s to cope with the energy demand of muscular

work .

In the present experiment the sﬁbjécts were exercised at
seventy-five per cent of their individual yMOZ and no time effects on
. . ' ) W ‘
the blood glucose concentration were demonstrated. As mentioned by

level used in this study was critical for a

¢

Pruett (595, the MVO2

decrease to an increase in blood glucose concentration.

However in this experiment a principal orientation was to

»

study FFA variations during exercisé\under thermal stress. But by a

misleading communication total fatty acid was analysed instead of

sources poiht.of‘vigw, because it is in é“f;AWEEfQMEBAEwiiﬁidé‘arEMusedaam,,
.fbr muscular work. ?ﬁoreover, this mistaken Ana;yais, provides most v

;"'importan;nindividual fatty acid cbmpositioﬁ in the totai plésma‘fa:ty

acid;' However,réﬁié know1edée ié not of great utility beéause one does

4

not know in which of thé 1lipid fractions<1he'ﬁodification may or may_nggﬁ;L
B » . IANIANY

- -have occured.

~Blood léctate increased but not to very high values. We can

therefor sume_that most of the energy derived was from aerobic sources.

, ‘ . _ . ‘
The steady state in VO2 between the se nute and the end of the

lwbrk_session_confirms the aerobic conditions whiéh pfevail at se

five per cent of individual MVOZ.

Minu;é ventilation and H.R. increased and this is in agreement

)

with previous studies.
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2. Reactions Under Hot and Cold Environmental Temperatures

Although Roweil et al. (63) and Fink et al. (16) found a
'significant increase in blood glucose level at eievatéd environmeﬁtal
tempergtﬁres,,no_sigﬁificant increase 1n blood glucose concentration

2, end of work under the three enVironmental temperatureg were

4 .Jir-\‘u.‘.‘.:,\

, ) y
Fesent study. Because Fink et al. (16) used a procedure

,' & . -
imilar,» a comparaison of the results is presented in

Yo

e n'uml.)eg.gf'.subjects' gnd the per cent individual MVO2 were
RV .

hfhé‘saﬁé;tgheﬁtgmperatﬁre and duration of exercise were very close.

The; found é‘signifiéanﬁ (p<”0.05) increase in'the‘heat énd a

statistically significant (; 0.05)‘décrease,1n t@e,éold. In the

»

present rééearch, blood glucose level was stable uhde; hot condition and
- decreased (not significantly) under éold. As shown in Table 3 ;he
.. subjects'standard deviation qf the mean in the présent study showed a
great var#ability and pr;babiy’aécounted for this non significant
.difference.

There are &arioﬁs gtiﬁuli which may affequthe amount of FFA
oxidized. Ambient_tempefature is oné‘bf those stimuli and cdid has beeﬁ
especially-studied. During a period of stress indqped by acute'cold»'
expoéu;é, FFA mobilizagion:and uti¥ization will remain unchénged or

"slightly iﬁcrgased if the’;nitial level is.high prior to exposur:

Howévef,'if the initial level is low, mobilizqtioﬁ and utilization. .11

E drastically increase (56). } , RS
- ) ‘ . b - . s ' 5 o - o \
The increases in FFA levels are due to enhanced lipolitic = ™

Q

. activity potentiated by nqreﬁinephrine (1, 5,17, 24, 29, 56).

~—
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. Elevated concentrations Of FFA ln the plasma vertninly provide a-
sultable substrate for increased body heat production during acute cold
exposure (24). - Its appears that the Principal, but not the only,
substrate ut’'lized during cold. exposure 1s lipid. Fink et al. (16)
found no significant difference in the FFA level during exercise under
heat and cold environment. _ -

" In studies on the composition of the plasma- lipids it became
eyident that accurate data concerning the range and normal variations of -
the individuals' plasma fatty acid during exercise under various L
temperatures was not available.
| Once more the present results are really different and can not
be compared. " However no signifrpant difference in total plasma fatty
acids s;;l;g exercise under cold, standard and heat environments were
found in the present study. Saturated and unsaturated tot\I\plasma
fatty acid was also non significant. )

Blood lactate: concentratlon increases above normal “in lambs
and dogs (1, 9), during cold-exposure. The increage in plagll lactate
in cold—exposed lambs is almost due to stimulation of the sympathetic |
system by cold exposure, since it is mimicked when catecholamines are
infused into lambs under thermoneutral conditions (1) However, in the

range of growing energy output anaerobiosis is\ﬁore quickly manifested

by muscular exercise than by shivering reaction in the dog (9)

>Blood lactate concentration increases during work in the heat
(10 l6 63 64) When increases do occur hepatic lactate 1"emoval can
be reduced by heat stress and/or muscle anaerobic glycolysis increase

which presumably would elevate lactate levels by a magp action effect

| (10, 63).

o
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In the present‘eiperiment no significant difference in plasma
lactate level between the tnree temperature‘conditions was found. |
Considering the results presented ianable 7 and illustrated in Figure l
‘one can rnote a non éignificant tendenqy for the lactate level to be lower
in standard conditions., As it was for glucose, aubjects reacted

, . B ;

differently to thermal stress and an important standard deviation in

statistical analysis appeared. When the results in Table 17 are‘compared

>

with Fink et al (16), it is surprising to note the big difference in the“

9

lactate(level at end of work even if the”time of work was five minutes o

‘lpnger in the present"studv. They fOund a qignificantly (p< 0.01) higher_4

i
I

1actate concentration under heat environment when compared with a cold

lactate level. - , .
. ' : !

Literature is divided on whether VO2 increases (11,. 14),

decreases (6 46 76) or remains unchanged by heat stress (69, 78)r

' gs Multiple measurements of VO2 under different environmental conditions,

over a wide range of work intensities and durations, revealed_np

<&

significant effect'of elevated.temperature on VO (51, 64).

These results may be explained by 'be increased mechanism

- Y

v efficiency O the muscle when its temperature is elevated. If true, this

increase in efficie\ y appears to reduce VO2 by an amount equal 'to or

(’ .
sed VO (55, 56,'57), it

or decreased VO2

Even if resting cold- exposure\Inc\

is not clear if exercise .in cold environment increa

\

Neverthelesa, the results of the present st-dy, as those o laremont

et al. (10) reflect a tendency to measure a;hlgher VO2 during exercise

~



“in cold Conditions. Again, if‘the,results of the present study are

compared with those of Fink et al. (16) it can br noted in Table. 12

~
'that the latter recorded a significant. (p< 0. 0}) increase in VO2 under

hot temperature whereas a significant (p< 0.1) dincrease in VO /kg under

cold‘environment only 1s found in the present‘work‘ As mentionad by

v

Claremont et al. (10) the catecholamine calorigenic effect observed by

“others (5, 20) during cwposure to cold ,may be the cause for this higher -

.
e -

: VO since it is not due-to- a‘higher work load,. Claremont et al~—(10)’“”

<

and Fink et al. (16) determined if there was a difference in. work load
under different environmental-temperatures and if the VO? ‘erence

between conditions was due to a temperature effect on the’bicycle

resistance mechanism. "The « found no significant iifference in the work

load’ under cold and heat cdncitions, S ;, I e

s

Under extreme en- ronme*tal temperatur? exposure, Ve increases.’

The increase in minute ventilation at low ambient tqnperature may be

T~
'necessary to meet the demand for extra oxygen related to an”increase in

‘metabolism (35 41) Under heat_conditions the steady indrease in minute

ventilation rate is achieved Lhrough an: increase in frequency “of breathing.r

This ‘is because animals adjust their respiration in response to thermal

stress for increase in evapofative heat—loss (35 41) However, as shown

»by Brouha et al, (6) the increase in Ve during exercise under heat stress

5“‘EEm‘te~be:;éléggd;rn-an_elevated—degree—of"‘EIEfivE'humidity (R.H.).

The present results are iﬁ'agreement with the preceding

CODCluBiOﬂSa ‘No significant tempenature effect on Ve was, found. The .

1

' relative humidity in the testing sessions averaged twenty per cent in the""'

heat (Appendix B).
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The increment in H.R. is greater under heat stress (52, 65,

069). It appeaxs that this higher H.R. in the heat may help to maintain

. . N

cardiac output whereas skin blood flow is elevated for temperature

regulation (lO,-76)."This could explain the subjects'greater sensation

)

.of fatigue in the heat experiments. ; ”N

In additipn‘to air.temperature, there are, of course, other

factors such'as ambient_water'vapor pressure, air movement, ro " nt heat

load etc e which influence thermal balance (64). In the present work

T
Moy

'e°no attempt were made to analyse responses with respect to these variables.

= N

J-Hot—dry and hot—humid environments‘represent'greaterJthermal”stresses

for men as the capacity for evaporative cooling in the environment
conditions becomes reduced (52 66) . The decrease in time tolerancefmay

be.closely_associatec with an impaired physi:al‘capacity for evaporati&é

cooling (33, 52, 77). As the ambient vapor pressure increases in hot
a Yo

environments, the cooling capacity rapidly decreases. The elevated
ambient vapor pressure impairs evapOrative cooling on the skin, thus

intreasi -he burden on the. circulatory system to transport heat from

the central core to thewskin surface to maintain a normal internal body

- '

temperature (52, 66). /

N -

N i ' .
It can be concluded, as reported by Rowell et al. (63) in the

Y
\ - . “

."fpresentation of their resuEtS' ,'/” . . . g A

]

"As previously demonstrated for central circulatory
- and thermal responses, individual variability in
response to a given thermal plus exercise stress
was large-even when work re%uired similar fractions
of maximal oxygen intake". (63, p. 478). e



CHAPTER V
STUMMARY AND CONCLUSTONS

Tt~ effr -s of exercise under different envirdnﬁental

temperatures c ae physiological parameters was-ﬂ’”p%?d using a group

‘4 Ll

of six physical education students. After a MVO2 test, seventy-five
per cent of the individual aerobic capacity was used as the work 1oad.>

for the study. Each subject had to exercise for twenty minutes unga)- _fjﬁb\'
B '\.L\‘)

PN
three different environmental temperatures which were 4° c, 21°C 'and 40° GQ;
The parameters measured were as follows blood glucose concentration,

plasma ‘total fatty acid concentration, per cent saturated and unsaturated

N . - N

fagﬁy acids, plasma lactic acid level V02, Ve,"and H. R < V.

W ’ )
Even though the mean plasma glucose level decreaseH pr@gressi 21y
S P

in cold at rest, there was no significant exercise effect. There was

also no significant difference in the results between the three

ﬂ&environmental temperature conditions.
Plasma total fatty acﬁd concentrations were similar under

the three environmental temperatures. Alsd’, nolsignificant exercise

Ny,

‘effects were recorded. The conclusions concerning»plasma saturated or &

e

v

funsaturated total fatty ‘aclds were the Same. o
The plasma lactic acid level increased significantly (p< 0.01)
during exercise in the three environmentq$ temperatures and no steady

state was reached. ; However, no significant differences were fourd

«

-

between the three %emperature-conditions.

Oxygen donsumption increased significantly (p< O.Ql)'during
‘exercise under the three environmental temperature conditions.

. |
j ' 62

r
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However no significant differences were found between the three
temperstures. Nevertheless,'when &Oé;results were conputed per kilogram
.0of body weight, a significant (p< O;l) difference appeared between cold
results and the two other temperatures. The oxygen consumption per
kilogram was -elevated under cold stress.

Exercise had a significant (p< 0.0l)'effect on the-&e lenel.

However, temperature had no;significant effectron the Ve level dq;ing
exercise,

Heart rate increased drastically (p <0.01) through exercise.
}Under heat stress, H.R. was significantly (p <0.05) diffetent from cold
and standard conditions. The highest values were always recorded in the
hot environment. ' : . L »

| From the results obtained it is very difficult to generalize

about environmental temperature effects during exercise. Subjects seemed
"to react differently to exercise plus thefmal stress. - There are at |
least three factors which may have affecté‘%‘he results of 'this research.
First subjects were cold—accli;ated since testing sessions were held in .
the months of March and April wnich is early in the springtime. Second,
‘the subjects'diets were not controlled even though the subjects were asked
- to present themselves at: each session in a fasting state.' Third, subjeces
were tested at different times of the day because of the availability«gi?
the different testing chambers (cold and. hot). . o

For future research, using the same experimental design, it
‘would be preferable to use mere subjects divided into three different
groups with each group being tested under a different environmental'

tqnperature condition. Also, a measure of FFA level should be very

N . o
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-

‘iﬁperesﬁing frpm an-energy.utilization point of view. It would aiéévbé'
impoftant to know the proportion of various saturated and unéaturated
fatty acids which composed FFA since a preferential use of plasma
.unSaturated fatty aéids by the working musc]es éeemed to exist.
Finally, body tempera;ure measurements taken during thg

exercise sessions would be helpful in the discussion of results.

AN
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