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CHAPTER 1

INTRODUCTION.

At the end of the nineteenth century it was known that
lactic acid was a constant constituent of the blood of dogs, rabbits
and even man. It was also known that lactic acid was produced during
muscular contraction, but there was much controversy over the
question of the chemical processes that took place in the muscle ahd
the origin of the acid produced,

(1)

In isolated muscle preparations Fletcher and Hopkins

found that under anaerobic activity, lactic acid was formed, whieh

disgppeared on administration of oxygen. On the basis of this
disco;ér§-tgeym;ésfuiééed a theory that in contracting muscle a close
correlation exists between lactate production and oxygen supply.

The diecovory that muscle glycogen was actually the
precurser of lactic acid led Meyarhof to develop his theory of
muscular ccntracticon. He stated that lactic acid was closely
connected with the contractile process and furthermore that a "lactic
acid cycle'" was prescnt in muscle. According to Meyerhof tﬁe extra
oxygen consumption after activity accounts for the removal of
approximately one-~fifth of the lactic acid, while tho remainder is
reconverted into glycogen(z).

Guided by principles established while working on

(3)

isolated muscle, Hill et al. attempted to apply these same
principles to the complete normal animal. They concluded that in
mild and moderate cxzercise a "steady state" was found, whore the
oxygen intake and oxygen supply to working muscles balanced oxygen

utilization with little or no lactate accumulation. In contrast

to this type of oxercise it was found that in strenuous exercise

1, W.M. fletcher and F.G. Hopkins. "Lactic Acid in
Amphibian Muscle". The Journal of Physiology 353247, 1907.

2. 0. Moyerhof, 192U. 4iGus Led. Poysiol. 182:284. Cited
by W.F.H.M. Mommaerts, "Muscular Contraction" P.ll, Interscience
Publishers, Inc. New York, 1950,

3. A.V. Hill and H. Lupton. "Muscular Exercise, Lactic
Acid and the supply of oxygen. "Quarterly Journal of Medicine,
165135 - 171, 1923,

g



the oxygen supply to the active muscles fell short of the oxygen
need (requirement) with the result that a large proportion of

the lactic acid formed was not reconverted to glycogen and thereofore
it accumulaféd in the muscles,

The Moyerhof theory of muscle contraction became
untenable with the discovery of Lundsgaard (4), that muscles poisoncd
with monoiodoacetate will contract in the absence of oxygen, without
forming lactic acid. The relationship between lactate and "oxygen
debt" postulated by Hill et al., proved to be incorrect, owing to
various other investigations which have appeared to show either a
different relationship (5) or no relationship at all (6, 7, 8).

It therefore became obvious that blood lactate alone was inadequate
to explain the degree of anaerobic metabolism taking place in
muscles owing to oxygen deficicncy.

The increase in knowledge about the anaerobic and
aerobic phases of glycolysis and especially about the lactic
dehydrogenase system in rocent years, emphasized the importance of
considering not only lactatc but especially pyruvate in conditions
of oxygen lacke From the equation of the lactic acid dehydrogenasec
equilibriums Pyruvate + DPNszfTLactate + DPN it is clear that changes
in pyruvate will affect lactate levels as much as does oxygen lack,

In the light of these discoveries Huckabee (8)

re-examined the relationship between oxygen debt and blood lactate

and pyruvate, and postulated a theory that the rate of "excess lactato"

‘prcduction, a simple function of changes in both pyruvate and lactate,

4. B. Lundsgaards "Untersuchungen iiber Muskelkontraktionen
ohne Milschsdurebildung". Biochem. Z,, 217:162, 1930,

5. R. Margaria et al. "The possible Mechanism of Contrac-—
tion and paying the oxygen debt, and the role of lactic acid in
muscular contraction". American Journal of Physiology, 1063689, 1933,

6. W.H. Owles. "Alterations in the lactic acid content
of the blood as a result of light Exercise". Journal of Physiology,
LX1X: 214 - 237, 1930,

Te 0. Jervell, "Investigations of the concentration of
lactic acid in blood and urine under physiologic and pathologic con-
ditions". Acta Med. Scand., Suppl . XX1V, 1, 1928,

8. W.E. Huckabee. "Relationships of Pyruvate and lactate
during anaerobic Metabolism. 11, Exercise and Formation of Oxygen
Debt". Journal of Clinical Investigation, 37:255 - 263, 1958,
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is highly predictive of the body oxygen debt. "Excess lactate"

formation or the quantity of anacrobic metabolism during exercise

depends on the discrepancy betwegnrpxygggmégggggﬁap‘ﬁhgmﬁissues.and

rates of supply, anqwjgig, on final analysis, depends on the blood

circulation.

Heat, as well as active movements, influonce the
circulatory system. Both affect in various degrees and directions
the pumping action of the heart, the distribution of the cardiac
output to the various parts of the body, hemodynamic relations, the
blood volume and its regional distribution, and vasomotor activity.

In most heat studies reported, the time exposure was
of long duration while the activity consisted of a work rate,
submaximal, and well below crest level. From the numerous reports
a fairly concise picture can now be presented, showing the
physiological responses to submaximal work in heat.

A careful survey of the literature revealed that
information rogarding the effects on the human body of hard and very
hard work, when combined with severe heat exposure, is either

limited or doos not ecxist. It is, therefore, the principle aim of

this sbudy to investigate the dual stross of maximal work load and
e —————

severe humid heat on the human body and especially the effect of
alterations in the circulatory dynamics on muscle metabolism,

STATEMENT OF PROBLEM:

The present situdy was chiefly concerned with two main
problems,

Firstly, in citing the literature, dealing with the
lactate pyruvate relationship in blood during and after exercise, it
was obvious that only a limited amount of information is available.,
Apart from the fact that different types of exercise were employed,
the investigations were conducted in various ways making comparisons

(9)

of the results nearly impossible. Asmussen investigated moderate

9. E. Asmussen, "Pyruvct- =nd Lactate Content of the
Blood During and After Muscula™ ™»rk". Acta Physiologica Scandinavica
20: 125, 1950,
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work on a bicycle ergometer sampling blood during and after work,

while Tepperman and Tepperman (10)

applied moderate and heavy work
loads on a bicycle ergometer, sampling blood only after cessation of
exercise. In the latter case it appeared from data obtained that the
work load was only moderate and the period of exercise too short,

(11) and Johnson and BEdwards (12) gtudied

Friedemann et al.
the effects of work, performed under partly anaerobic conditions
while blood was sampled only after the work had stopped. The
"strenuous" work loads applied by Goldsmith (13) must have been only
moderate because the results were very low compared with those of
other investigators.

Owing to the great many variables presented by previous
reports and especially the conflicting results of different work
loads on the blood lactate and pyruvate, it was felt that a study
should be made of the effects of progressive work loads on the blood

lactate and pyruvate, as well as the pulse rate, cardiac output and
et e e - WURIIS— sy - " —

oxygen consumption. Only one type of exercise should be studied, in

it .

loads chosen in such a fashion that it covers the range from very
light work to the testee's maximal capacity.

Secondly, it is a well known fact that work imposes a
stress on the circulation and if the work is done in a hot environment
a second stress is superimposed upon the first. Under such conditions
the circulation is unduly taxed with a dual purpose of supplying the

active muscles with oxygen and secondly the transfer of heat from the

10. Teppermann and Teppermann, "On the Blood Lactic re-
sponse Yo measured exercise in hypoxic human subjects". Journal of
Clinical Investigations, 27:176, 1948.

1l. Friedemann et al. "The level of Pyruvic and lactic
acids, and the lactic~pyruvate ration, in the vlood of human subjects.
The effect of food, high altitude light muscular activity, and anoxia
at high altitudes"., Journal of Biological Chemistry, 157:673, 1945.

12. R.E. Johnson and H.T. Edwards. "Lactate and Pyruvate
in Blood and Urine after Exercise". J. Biol. Chem. 118:247, 1937.

13, G.A. Goldsmith, "The blood lactate-pyruvate relation-
ship in various Physiologic and Pathologic States". Amer. J. of
Med. Sei. 215: 192, 1948. '
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core of the body to the periphery, the so called conductance (14).

Reports by Lee (15) and many others to the effect that a
standard task performed in a hot environmment is associated with a
higher pulse than in a cool one, suggest a different threshold value
for lactate and possibly pyruvate, in different enviromments, for
the same individuale. Careful gleaning of the literature revealed
that the blood lactate and pyruvate response to exercise, performed
in a hot environment, has never been studied beforac.

It was deemed necessary thorefore to repeat a similar
study as the one described in (1) supra, but with the one exception,
that it should be carried out in severe humid heat.

The specific aims of thls study are the fcllow1ngv

pm———
T T e PN W s

(1) Tho detormination of lactate and pyruvate in the

ioo
I

blood, during and aftor oxercisc on a bicycle ergomcter, under normal
conditions and in sevore humid heat, (Wet Bulb temporature 92°F.
Dry Bulb Temperature 96°F,)

(2) To eee whother any relationship exists between the
changes in blood lactate and blood pyruvate.

(3) To find out if any relationship exist between the
changes in blood lactate or pyruvate and heart rate or cardiac output.

(4) To plot the increase in lactate and pyruvate in
relation to work rate and make comparisons between the two evironments
tested.
Limitations:

It is felt that the value of this study was to some
extent reduced by certain limitations.

The subjocts werc tested in the post-absorptive state

which could possibly have influenced the lactate and pyruvate valucs.

14, J.D. Hardy and G.F. Soderstrom, "Heat 1oss from the
Nude Body and Peripheral Blood flow at temperaturcs of 22°0. to
35 C. The Journal of Nutrition 16:493 - 510, 1938,

15. Leey D.H.J. and &. P.B. Boissard, "The Effect of
Exercise in Hot Atmospheres upon the Pulse Rate". University of
Queensland Papers, Vol.l Number 6, 1941,



It has been shown by Friedemann ot al. (12) that food has an
effect on the blood lactats and especially the blood pyruvate levels.

On the other hand Friedemann et al. brought forward
evidence that weaker performances were obtained with fasting subjects
than with the same persons in the post absorbtive state.

Due to the psychological background and strange super-
stitions of the raw African mine labourers used in this study, the
collection of blood from a deep artery by means of an indwelling
needle was practicaily impossible. Peripheral blood from the finger
tip was therefore used and these samples may or may not have
reflected the true lactate and pyruvate content of arterialized blood
(16 - 18).

Because of the time consuming procedure of gas analysis
and certaint-chnir~? difficulties encountered with cardiac output
measurements, this measurement was restricted to two individuals
only. Furthermore, the use of the climatic room for this study was
restricted to a short period only and made it impossible to study
a large and random number of people.

The activities of the subjects outside the laboratory
were not controlled so that some of their pre-experimental activities

could have affected the results.

Significance of Study:

An attempt was made in this study to investigate certain
aspects of physiology that was all but ignored by other workers in the
same field. Pyruvate changes in the blood during work or exercise
has attracted very little attention up‘to the present time. It is

hoped, therefore, that this study will make a small contribution

11. PFriedemann et. al. (1945) Loc. cite.

16, Barr, D.P. and H.E. Himwich. "Studies in the physiology
of muscular exercise. 1ll. Comparison of arterial and venous blood
following vigorous exercise". The Journal of Biological Chemistry,

558 52%; 1927%.

17. Himwich H.®., R.O. Loebel, and D.P. Barr, "Studics of
the effect of exercise in diabetes. I. Changes in acid-base equili-
brium and their relation to the accumulation of lactic acid and acetone".
The Journal of Biological Chemistry, 59: 265, 1924.

18. ZEggleton, M.G. and C.L. Evans. "The lactic acid
content of blood after muscular contraction under experimental condi-
tions". Journal of Physiology, 70: 269, 1930. -
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towards a better understanding of the behaviour of this metabolite
in the blood during work, and also point out its relationship
with lactic acid.

The heat studies can be considered as unique in several

(19)

ways. With one exception no person has ever attempted to study
the effects of heat on a human being performing maximal work. The
data from these studies will certainly be informative, while the
blood lactate and pyruvate data will cast more light on the problem
of the efficiency of the circulation to supply oxygen to working

muscles, under sovere heat stress., The possible effects of acute

heat exposure on performance was clearly brought out in this study.

19. Kronfeld ot al. "Streonuous RExercise in A Hot
Environment". Journal of Applicd Physiolagy, 13(3):425-429, 1958,



CHAPTER 11

REVIEW OF RELATED LITZRATURE.

(1)

The investigation of Fletcher and Hopkins
brought methodological progress and their technique in fixation
of the muscle preparation was possible for the quantitive and
reproducible results that could be presented. They found that

resting aerated muscle contains at most 0,015 per cent lactic acid .

Nm—————————— i pTE———

while in resting muscle under anaerobic conditions lactic acid is
formed at a slow speed'to a constant end value of 0.40 per cent of
the wet muscle. Furthermore they made the interesting discovery
that under anaerobic activity lactic acid was formed, which disappeared
on édministration of oxygens

Guided by principles established by working on isolated
ﬁuscles, Hill and Lupton (2) attempted to apply these same principlés
to muscﬁlar exercise in man. By experimentation they determined the
"oxygen debt" for certain exercises, and therefrom calculated the
possible amounts of lactic acid present in the blood. They maintained
that for certain exercises the lactid acid reaches a "steady state"
value, similar to the concept of oxygen consumption, mesaning that
lactate production equals lactate removal., In contrast to these
findings it has been shown by Owles (3) that in very mild exercise
no increase in lactate was observed, while an oxygen debt was formed
of 1 liter in both subjects tested. In a thorough study made on this

problem by Margaria et al‘(4) it was shown that no extra lactic acid

ApeT———— T — Ao

appears in the blood during and after exercise involving oxygen debts

of less than about 4 liters. Furthermore they found no simple

S

1. W.M. Fletcher and F.G. Hopkins, "Lactic acid in
Anphibian Muscle". The Journal of Physiology 35: 247, 1907.

2+ A.V. Hill and B. Lupton. "Muscular Exercise, lactic
acid and the supply of oxygen." Quarterly Journal of Medicine,

16: 135 - 171, 1923.

3. W.H. Owles. "Alterations in the Lactic Acid content
of the Blood as a result of light Exercise ..s..s." Journal of
Physiology, LX1X: 214 - 23T, 1930.

4. Re. Margaria et al. "The possible Mechanism of
Contraction and paying the oxygen debt, and the role of Lactic
acid in muscular contraction." American J. Physiology, 106 : 689,
1933.
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correlation between the oxygen uptake after exercise which falls
rapidly, and the slow reduction in blood lactate. These authors
have shown that the oxygen debt curve plotted in relation to time
can be fractionated in two components, the "alactacid" and "lactacid"
components, Tha "alactacid" mechanism of contracting and paying
the oxygen debt took place at a much faster rate than the "lactacidr
mechanism which is responsible for about 1/3 of the total oxygen
debte

It has been found that with the onset of exercise the
blood lactate increased to a maximum, the magnitude of its maximum

(5.

depending on the intensity of the work load Hill (2) expressed

the view that once the maximum concentration had been attained, it
remained constant throughout the duration of the exercise. In

contrast to Hill's view of a'steady state" lactate, Bang (é)confirmed

L (5)

the findings of Jervel that blood lactate concentration was

dependsnt on the intensity of the work load and further pointed out

that the lactate decreaseseven though the activity was continued in
a steady state.

This latter finding of Bang was confirmed by a report
of Flock, Ingle and Bollman (7) in experiments on rats. They found a
transitory production of lactic acid in the muscles at the beginning
of exercise, which was not severe enough to cause persistent formation
of lactic acid, These findings were disputed by Bskildsen (8) who
maintains that small steady muscle pyruvate and blood lactate levels

in excess of the resting values probably represent merely a new

balance betwoen rates of formation and removal.

5¢ 0. Jervell., "Investigation of the cencentration of
Lactic Acid in Blood and Urine". Acta ifedica Scandinavica. Suppl.
22-25, 1927-28,

6. O. Bang. "Tho Lactate content of the Blood during
and after muscular exercise in Man". Skand. Arch. Physiol. T4.Suppil.
10,51, 1936.

Te E.V. Flock et al. "Formation of lactic acid, an In-
stant Process in Working Muscle". Journal of Biological Chemistry
129:99, 1939.

8. P. Eskildsen, Acta Med. Scand. 127:171, 1947 as cited
by R.G. Bannister, "Muscular Effort". British Medical Bulletin
l2:222, 1956.
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It has been reported by Hill, Long and Lupton (9)

and Long (10) that even during very mild work an increase of lactic

acid over the resting value is found. They investigated the effect
of a 3.3 to 4.5 m.p.h. walk in their studies and found a 6.1 -

37.7 mg.% increase over the resting values. In contrast to their

findings Owles (3) stated that the intensity at which lactic acid
inereases over the resting value corresponds to an oxygen consumption
of 1.8 liter per minute. That no incrcase of lactate occurred during
walking, was confirmed by a study reported by Friedemann et al.(ll)
who investigated the effect of a slow as well as a faster walk of 4.0
Mmepshe Other authors reported slightly different values from the valuc
quoted by Owles,.

It was found that the blood lactate level decreases
immediately with cessation of exercise (4’ 12), and experimental
proof was put forward by Margaria et al.(4) that the recovery rate
was such that the Logarithm of the excess lactate is a linear function
of time, The'ramoval proceeds at a commratively slow rate, fifig

per cent of the concentration of lactate in the blood being removed

in 15 minutes. With very severe exercise of short duration it

has been found that the lactate tends to rise even after cessation

of the activity, the maximal value being obtained from 3 to 7 minutes

(6, 13, 14).

thereafter This rise in the lactate content of blood

after exercise was considered to be a lag in the diffusion of lactatec

9. Hill, Long and Lupton, Proc. Roy. Soc. B. 96:438 1924,
97:84, 155, 1924-25,

10« Long, Ibid 99:167, 1926,

11, T.E. Friedemann et al "Pyruvie Acid. 111. The lovel
of pyruviec and lactic acids, and the lactic-pyruvic ratio in the blood
of human subjects, The offect of food, light muscular activity and
anoxia at high altitude." Journal of Biological Chemistry, 1571673,
1945. ;

12, E. Asmussen. "Pyruvate and Lactate Content of the
Blood during and after Muscular Work." Acta Physiologica Scand.,
20:125-136, 1950,

13. R.E. Johnson and H.T. Edwards. "Lactate and Pyruvate
in Blood and Urine after Exercise", J. Biol, Chem. 1183427, 1937,

14, Friedemann and Barborka. The significance of the
Ratio of Lactic to Pyruvic acid in the Blood after exercise", Journal
of Biological Chemistry, 141: 993-994, 1941.



(6) 1) N Qe

from the muscles into the blood y while other main .«aned
it to be an actual post-exercise production of lactic acid.

Owles (3) has reported that training brings about a

decrease of lactate concentration at a certain working intensity,
: ' : (6) (18)
which has been confirmed by Bang and Edwards et al. .
Furthermore he pointed out that if an individual is unaccustomed to
a given task he would carry it out with a higher lactate response
than another type of work with the same metabolic cost but for which
he was trained. It follows thus that one of the many factors which
may determine the lactate response of an individual to a given task
or exercise is the individual's exercise tolerance or physical
ability. Experimental proof to this effect has been reported by
(16, 17)

several workers ¢ who found higher blood lactate responses
to a submaximal exercise for untrained persons than those considered

well-trained,
1

The "threshold wvalue" beyond which increases in blood

lactate appear is also dependgnt on the physical fitness of the
individual, and it has been reported (19, 20) that for unfit
subjects; a lower critical intensity of exercise is required, to
exceed this value.

It has been stated by Robinson and Harmon(zl) that 2

well=trained person can reach higher values as compared with an

15. B.V. Newman. "Distribution of Lactic Acid between
Blood and Muscle of Rats". American Journal of Physiology. 122:359,
1938,

16. D:B. Dill ot al. "Industrial Fatigue". Journal of
Industrial Hygiene. 18: 417-431, 1936.

17 R.E. Johnson and L. Brouha. "Pulse rate, blood
lactate, and duration of effort in relation to ability to perform
strenuous exercise. Rev. canad. Biol. 13171, 1942. Cited by Astrand
1952.

18, BRBdwards et al. Cited by Astrand, 1952,

19, L.C. Cook and R.H. Hurst. "Blood lactic acid in man
during rest". J. Physiology, 79:443, 1933.

20, Newman, Dill, Bdwards and Webster. "The rate of Lactic
removal in Exercise." Amer. J. Physiol. 118:457, 1937.

21l. S. Robinson & P.M. Harmon. "The lactic acid
mechanism and certain properties of the blood in rolation to tralnlng
American J. Physiology. 132 : 757, 1941.
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untrained. This finding of Robinson and Harmon was confirmed by
observations made by Knehr, Dill and Newfeld (22)*

It is not surprising, owing to the relationship between
(17, 23, 24)

lactic acid and physical ability,; that certain workers

made use of experiments on the lactate response to exercise as a

test of physical fitness. For a fixed task Johnson and Brouha (17)

i ifound the lowest lactate response to running experiments in a group
f5§¢wi €
fiui

of well-traincd oarsmen while the unfit-group had the highest
(23) found that, as a group, the
less fit individusls gave significantly greatexr blood lactate
values throughout ithe entire period of the lactate response to the
exercise than did fit individuals. They also found that the total .
excess urine lactate in response io the exercise period tested

was significantly related to the fiiness of the group, as the less

fit individuals showed larger quantities of this metabolite.

Taylor (24) tested 32 subjects and found that heart rate and blood

lactate are the most reliable submaxlmal measures of fltness.

-

Byffel (25) was the flrst to carry out a direct gquan-
titative determination of lactic acid in urine after severe exertion
of short duration. One of the most exhaustive studies made on the
oxeretion of lactic acid in the urine following exercise was made by
Iiljestrand and Wilson (26). They found; after exercise of sufficient
intensity, gquantities ranging from 140 to 1,370 mg. over the resting

levels. Jorvell (5), Johnson and Rdwards (13) found that the peak

22. C.A, Knehr et al, "Training and ites Effect on Man at
Rest and at Work". American J. Physiology. 136:148, 1942,

23, F, Crescitelli and C. Taylor. "The Lactate response to
exercise and 1ts rolationship to Physical Fitness". Amer. J. Physiology
1413630, 1944,

24. G, Taylox, "Some properiies of maximal and sub-maxinal
exercise with rofersnce to Physiological variation and measurement of
exercise Tolerance." fmer. J. Physioclogy, 142:200, 1944.

25. J.H. Ryffel. "Experiment on Lactic acid formation in
Man". Journal of Physiology 29:XX1X, 1909/1910.

26. Liljestrand and D.W. Wilson. "The excretion of Lactic
acid in the urine after muscular exercise". Journal of Biological
Chemistry. 65:773, 1925,
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lactate excretion occurs at 10 - 20 minutes after cessation of
exercise and that the excretion is complete in forty to fifty minutes.
Jervell estimated that the hourly excretion of lactate in the urine
is from ten to twenty mg, but he considers it as being on the high
side.

The presence of lactic acid in sweat has been demonstrated
by Fishberg and Bicerman (27) and values as high as 33m JEq / liter
(28) made observations
on the lactate content of sweat and found values of up to 20m Eq / liter
when the blood lactate was only 1m Eq/litor. It was found, however,
that if the ncecessary precautions against errors were taken the
lactate conbent is about 10m Bq/liter (29),

Although lactate is present in high concentrationé in
sweat the possible role of lactate in the functioning sweat gland
has not been elucidated. Changes in the swoat gland activity during
acclimatization have been studied by Weiner and van Heyningen (30)
who found that in sweat of male subjects, carrying out work at high
temperaturcs and humidity, the lactate accounts for 1l per cent of
the osmotic fressura. Furthermore it was found that the lactic acid
concentration may be as high as 300 mg per cent in the pre—acclimatized
stato but settles down to 100 mg per cent after ton to fiftecen threc-
hourly exposures. Another interesting finding was reported by those
authors in a study where the one arm of a subject was rendered
ischaemic for 15-20 minutoes in every thirty minutes period of sweating,
over an experimental period of threec heurs. The lactic acid percentage

was markedly increased as compared with that in the unoccluded arm,

which shows a close analeogy with muscle.

27. R.H. Fishberg and W. Bierman. "Excretion of Lactic
Acid in Sweat", Proc. Soc. Exp. Biol. Med. 2951021, 1932.

28, D.B. Dill. "Life, Heat and Altitude". Cambridge,
Massachusetts : Harvard University Press, 1938, p. 46, 47.

29, O. Bergheim and T. Cornbleet, American Journal of
Medical Scicnce 205 : 785, 1943.

_ 30. J.S. Weiner and R. van Heyningen. "Lactic Acid

and Sweat Gland Function". Nature, 164 s 351, 1949.



(31)

Bunting, et al. , pointed out that glycogen is
present in cells of the sweat gland in considerable gquantity, while
Weiner and van Heyningon (32) in & study of the lactate content of
aweat found that the concentration is not influenced by the sweat
rate, the skin or rectal temperaturc of the subject, or the lovel
of lactate in the blood. From the evidence put forward by Bunting-
et al, Woiner ot al, it sccms as if the lactate in sweat is a
product of the gland's metabolism,

Anoxemia.

When the supply of oxygen to the interior of living

cells is reduced to a state below the metabolic needs for oxygen then

1ggtic aci@ is formed, If, for any reason, thc oxygen content of
alveolar air is drasticnlly reduced i% will result in a reduction of
the oxygen tonsion of the gas transport system, which in its furn
will affect the oxygen supply of tho tissucs. On these grounds the
possible rolationship betweon blood lactate and respiratory hypoxia
was investigated by rumcrous workers., Studies were conducted in onc
of two wayss the experimental subjects or animals were given various
low oxygen gas mixtures to breaths while the degree of anaerobic
metabolism was estimated by the concentration of blood lactate, or the
physioclogical responses of subjects to mountain clinbing were
investigated.

In anoxemia Maclcod (33) found an increase in lactate
conocentration when the respiratory mixture breathed by his anaesthotized
animals contained 4 to 8% oxygen. In contrast to these findings,
Jervell (5) found in short expoeriments on men, while breathing low

oxygen mixtures,; no increase ip lactic acid until the oxygen breathed

31. H. Bunting et al, "Arat. Recs, 100561, 1948,
Gited by J.S. Weiner and R. van Heyningen (1949). Loe. cit.

32, J.8. Weiner and R.B. van Heyningen. "QObservations
on Lactate Content of Sweat!.: Journal of Applied Physiology,
43734 = 744, 1952,

33, J.R. MacLeod, "The Concentration of Lactic Acid in
the blood in Anoxemia and Shock", Jmerican Tournal of Physiology.
1v ¢ 184, 1921.
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was reduced to 7.5 per cent. Bock et al.(34) found an insignificant
rise in the venous blood lactate of subjects breathing a 9 per cent
oxygen mixture and the data suggests that anoxemia in various clinical
conditions must reach a grave state to disturdb the lactic acid

(35) reported that when the

concentration in the body. Myerson et al.
oxygen saturation of arterial blood lies between 48 and 77 per cent,
no considerable accumulation of lactic acid appears. Howover, their
experiments on ten subjects breathing 9 per cent oxygen for 3 Ho 10

minutes showed z slight increase in lactic acid for 6 of the 10

(36)

subjects. Henderson and Greenberg with experiments on animals
found that if the inspired air contained 7 per ceni or more oxygen,
no increase of blood lactate was observed, hut a marked hyperpnoca
developod. With a mixture containing less than T% oxygen lactic
acid inereased but the respiration was not augmented.

Rawards 37) noted a slight rise in the resting blood
lactates after a rapid ascent to 9,000 feet, but nommal valuvs were
found at 20,000 feot.

Furthermore, observations made on Chilean raesidents ai
an altitude of 5.34 Km. gave values in accord with resting values at
sea level. The same author found that at an altitude of 12,000 feet
the blood lactate response to a maximal exertion wag lowsr than for
the same exercise at sea level, while at 20,000 feet the human body
showed an inability $o accumulate lactate above the resting level.

The latter finding of REdwards was disputed by Asmussen

et alh(38) who found that at a decreased oxygen tension of 124 the

34. AJV. Bock et al. "lLactic Acid in the Blood of
resting Man"., Journal of Clinical Investigation, 11:775, 1932.

35, A. Myerson et al. "The composition of Blood in the
artery, in the internal jugular vein, and in the femoral vein during
oxygen want", American J. Physiology, 98 : 373, 1931,

36, Y., Honderson and L.i. CGreenberg. "Acidosis: Acid
intoxication or Acarbis." American J. Physiology 107337, 1934.

37. H.T. Bdwards. "Lactic acid in rest and work at high
altitude". Amorican Journal of Physiology. 116: 367 -~ 375, 1936,

38, BE. Asmussen et al. "Blood lactate and Oxygen debt
after exhaustive work at different Oxygen tenszions". Acta
Physiologica Scandinavica, 153 57 - 62, 1948.
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capacity for work was lowered, but the maximum lactate concentration
was practically the same or higher than in normal air.

Fofedapanm ot al, "1 Fouwd that e pyrovie asid An. ke
blood of resting subjects was relatively little affected by short
exposures to simulated altitudés up to 15,000 feet, while the lactate
pyruvate ratio showed insignificant changes in relation to altitude.

Yn & Tater stody Felodonmm ob nld 200 sound Ahk
exposure to anoxia at simulated altitudes from 15,000 to 23,000 feet
resulted in elevated concéntrations of lactic and pyruvic acids and
a rise of the lactate-pyruvate ratio. It was also found that both
lactate and pyruvate rose more with exercise in the presence of
hypoxia, but the lactate-pyruvate ratio bore no relation to hypoxia
during exercise (40).

Hill et al.(a) studied the influence of a variation in
the inspiratory oxygen percentage on the removal of lactate from the
body after exercise. The body lactate was calculated from the
"oxygen debt" values and it was found that the "oxygen debt" was in -
dependent of the variations in the inspiratory oxygen percentage.

Experimental proof ;f Hill's hypothesis that body lactate
removal is independent of the percentfage oxygen inhaled, was put
forward by Strém (41) who showed that the rate of lactate utilization
was not significantly altered by anoxia caused by inhalation of low
percentage oxygen mixtures.

Diffusion rate of lactate.

A sound knowledge of the diffusion rate of lactatc
and pyruvate is essential if conclusions are to be made on the total

body content of these metabolites as well as the utilization rate

39, T.4. Friedemann et al. "Work at High altitude. V1
The Effect of diet and other factors on the rise of lactic and pyruvic
acids and the lactate-pyruvate ratio in human subjects at simulated
high altitudes". Quarterly Bulletin of North Western Univ. Med. School,
23:448-455, 1949. o
40. J. Tepperman and H.M. Tepperman. "On the blood lactic
acid response to measured exercise in hypoxic human subjects". Journal
of Clinical Investigations, 27:176, 1948,

4ls G. Strém. "The influence of Anoxia on lactate
utilization in man after prolonged Muscular Work"., Acta Physiologica
Scandinavica, 17:440, 1949.
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or rate of disappearance from the blood. It can be questioned whether
determinations carried out on whole blood are representative of
plasma conditions or whether the lactate ion is uniformly dispersed
throughout the body water in such concentrations. The vital question
whether concentration gradients exist between blood and tissues were
therefore investigated by numerous laboratories.

Decker and Roscnbaum (42) have found that in the blood
of humans at rest and in the post absorptive state, the lactate is
evenly distributed through the water of cells and plasma. It was
further found that a rise in the concentration of lactate in wholo
blood disturbs this ratio and a higher concentration was then found in
thoe plasma than in the cell water. These findings are corroborated
by the rosults of Devadetta (43) who found that addition of lactate to
a suspension of blood cells in saline rosulted in a distribution of
the ion similar to that found in whole blood. It was further shown
that washing of cells or addition of substances preventing glycolysis
“did not alter the distribution of lactato.

In a very thorough study, Huckabee (44) investigated
the relationships of extracellular and intracellular concentrations
of pyruvate and lactate ions in fresh human blood cells. He found
that the concentrations of lactate and pyruvate were significantly
higher in total plasma water than in total blood water. Correctign
factors were proposed to convert whole blood values to plasma values,
being 1.22 for pyruvate and 1.08 for lactate., Calculations were also
made of the concentrations of pyruvate and lactate i% erythrocytes
and thus the concentration gradient between extraceilular and i

intracellular water. It was found that the average plasma pyruvate

42. D.G. Decker and J.D. Rosenbaum, "The distribution
of lactic acid in human blood". The American Journal of Physiology,
138:7, 1942. - .
43. 8.C. Devadoetta, "Distribution of lactate betwecen the |
corpuscles and the plasma in blood". Quarterly Journal of Experimental
Physioclogy, 243295, 1934. ; . '

44. W.B. Huckabee, "Control of concentration gradients
of pyruvate and lactate across cell membranes in blood", Journal of
Applied Physiology 9:163, 1956,
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values were 130 per cent higher than those of the ocells and the
lactate values were 37 per cent higher.

These findings suggest that the use of whole blood
lactate values 1o calculate total body lactate is very much in error
and that it underestimatoes the quantities produced in exercise. On
tho othor hand it is still an open question whether other cells
behave in the same manner ag erythypgeytes. Attempts were made to
solve the problom by direct experimentation on the tissues of
animals, but even this method was beset with difficulties making the
solution of the problem very difficult. The principle difficulties
wero that an equilibrium state does not exist, the acid is continuously
produced and removed, and its production continues while the tissue
is removed for anaiysis.

Analysis of rat muscle and blood, simultancously removed
from resting as well as exercised animals showed no concentration
gradient beitween the two tissues (15). Results put forward by Gesell

et al (45) and Eggleton and Bvans (46)

in a study of the concentration
gradioent between plasma and muscle showed that in plasma the concen-
tration was sémewhat higher than in muscle. This is in agreement with
the fiﬁdings of Huckabee on erythrocytes and plasma,

According to Ghaffar (47) in experiments.on frog muscle
added lactate was distributed through a volume equal to the extra-

cellular space, while Devadetta found under similar eonditions

that the lactate ion diffuses freely throughout the total fluid of the

45, R, Gesell et al. "A comparison of thé response of
the anaesthetized dog to lowered alveolar oxygen during uniform artifi-
c¢ial ventilation and during normally controlled ventilation." American
Journal of Physiology 10035 202, 1932.

46. M.G. Bggleton and C.L. Evans. "The lactic acid con~
tont of the blood after muscular contraction under oxperimental
conditions", Journal of Physiolegy, 70: 269, 1930,

47. A. Chaffar, "Diffusion of lactic acid into and
out of the voluntary muscle of the frog". Quarterly Journal of
Fxperimental Physiology 25: 229, 1935
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tissue, Alpert and Rooi (48) investigated the diffusion rate in

‘the abdominally eviscerated dog and found that the lactate ion diffuse
into a volume equal 3o about 75 percent of the body water within

40 minutes., When unanaesthetized dogs were used the diffusion rate
was the same as that found with the cviscerated preparationy while the
ﬁtilization rate of laectate in normal animals was about forty percont
in 23 ﬁinutes.

(49)

Hartmann and Senn reported an oxperiment whore
large quantities of sodium—-r-lactate were injected into human subjects
and the disappearances observed by blood analysis. The quantity
injected raiscd the blood lactate to levels bebtweon 300 and 500 mg.
percent. Within fifteen minutes the bloocd lactate content was reduced
to between 30 and 65 mg % meaning that in this period more than 90
percent of the injected lactate left the blood stream. The rapid
fall in the blood lactate was a rosult not only of diffusion of the
ion, but also of excretion by the kidneys and utiligation by the liver
and other tissues.

Arterio-venous differences in lactate content of blood
oirculating through exercising muscles, as well as resting muscles

were reported (50, 51), but the findings were conflicting.,

Lactate removal from blood.

Although authors of numerous siudies orn amphibian musclc
claim that this tisgsue has the property of ufilizing lactate it has
never been proved beyond any doubt that mammalian muscle has similar
properties. Many reports have been put forward to show that blood
supplying an inactive muscle loses some of the lactate in the process

of passing through. This loss of lactate was considered only as a

48. W.R. Alpert and W.S. Root. "Relationship between
excess respiratory metabolism and utilization of intravenously infuscd
sodiumrasemic lactate and Na(-) lactate". American Journal of
Physiology 177:455, 1954.

49. A.F. Haritmann and H.J.E. Senn. "Studies in the meta-
bolism of Na-r-lactate 1. Response of normal human subjects to the intra-—
venous injection of Na-r-lactate. Journal of Clinical Investigation
1133279 1932,

50. H.E. Himwich et al. "Studies of the effect of exer-
cise in diabetes. 1. Changes in acid-base equilibrium and their relation
to the accumulation of lactiec acid and acetone." Journal of Biological
Chemistry, 59: 265, 1924.

51, H.BE. Himwich et al, "Studies in carbohydrate meta-
bolism, 11. Glucose lactic acid cycle in diabetes." Journal of Biologi-
cal Chemistry 90: 147, 1931,
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diffusion phenomenuvm and the general conception was that if mammalian
musclse can utilize lactato it is to a very limited oxtent,

Although it was undoubtedly ostablished that the liver
is the main site of lactate removal from the blood, ceriain observers
put forward contrary results. According to Cherry and Crandall (52)
retention of lactic acid by the liver does not ooccur in normal
regularly fod unanaesthetized dogs. Himwich et al using mnaesthetized 5
dogs, gave support to these findings and concluded that fasting may
be an apﬁropriate gtimulus for retention.

In another experiment Ivy and Crandall (53) re-

. investigated the problem by using unanacsthetized angiostomized animals
to avoid the disturbance of carbohydrate metabolism produced by
snaesthesia and surgical procedures oxperienced by Cherry and Crandall.
The results confirmed the findings of the previous authors, i.e. a
non-occurence of hepatic lactic acid retention in the non-fasting
animal, but a significant retention during fasting or fat feoding.

They further observed that under a wide variety of conditions, no
hepatic retention of lactic acid occurred, except in the case of large
amounts fed orally.

In direcct contrast to these findings, Hartmann and Senn
reported in two different publications, firstly the lactate removal
from the blood of injected r-lactate in normal individuals (49) and
thereafter the same observation made on patients suffering from acuic
catarrhal jaundice (54). In the case of patients with &améged livers,
the lactate romoved from the blood was slightly but definitely delaycd.

Alpert and Trager (55) made observations on barbiturized

dogs, exercised for five minutes by tetanic stimulation, before and

52, T.8. Cherry and L.A. Crandall. "The absence of a
significant glucose lactic aecid cycle {involving the liver) in normal
unanaesthetized dogs". Amer., Journal of Phys. 125:41, 1939.

53, H.B. Ivy and L.A. Crandall. "“Conditions in which the:
liver retains lactic acid", American Journal of Phys. 132:679, 1941. ;

54. A.F. Hartmadn and M.J.E. Senn, "Studies in the meta-:
bolism of Na-r-~lactate. 111l. Response of human subjects with liver ;
damage «...."Journal of Clinical Investigation, 11:345, 1932, ;

55. N.R. Alpert and E. Trager. "The complete dissociationr
of lactate removal and the excess oxygen consumption of exercisae,” '
XXth International Physiological Congrcss. p. 22, 1956,
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after complete hepatectomy and evisceration. The lacitate levels

rose during exercise from 14 ng. percent to 85 mg. percent and in the
normal animals the lactate returned rapidly to control values after
cassation of the exercise. In the operated animals, however, the
lactate remained at a high level, proving to soms extent the active
part played by the liver in lactate removal from the bdlood.

More direct evidence that the liver is the chief sitc

where lactate is removed from the blood and is converted to glycogen,

(56)

came Ffrom the work of Cori and Cori who demonstrated the

production of glycogen in the livers of rats after ingestion or
injection of d-lactate,

In experiments (57) in which fasting rats were fed with
lactate where the carboxyl carbon was labelled with radio-active
carbon, it was found that only 32 percent of the fed lactate was
incorporated into glycogen while the formed glycogen contained only
a negligible amount of the radio-active carbon.

About 20 percent of the radio active carbon was lost in
the expired air in tho form of carbon dioxide.

(58)

In similar experiments where fasting rats woere fed
with lactate the introduction of radio active carben in the alpha-or
beta positions of the lactate molecule, instead of the carboxylic
radicle; doubled the radic activity of the carbon in the glycogen
while that in the carbon dioxide of expirod éir wag halfed. It was
postulated that pyruvic acid reacts with carbon dioxide to form a

dicarboxylic acid which is then decarboxylated.

Hvidence that the liver is not the only organ to remove

_ 56« C.F. Cori and G.R. Cori. "Glycogen formation
in the liver from d- and l-lactic acid". Journal of Biological
Chemistry 81 : 309, 1929.

57. J.B. Conant et al. "Metabolism of lactic acid
containign radio active carbon. "  Journal of Biological Chemistry,
137 = 557, 1941,

58, B. Venmnesland et al. "Metabolism of lactic acid
containg radio active carbon in the B position.

Journal of Biological Chemistry 142 3 371, 1242,
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lactate from the blood came from the work of Holmes and Ashford(59)

who found that brain tissue in vitro, can utilize lactate. In
further studies (60) these authors tried to trace the fate of the
lactate removed by brain tissue and concluded that the lactate which
disappeared was not synthesized to glycogen.

Bvans et al.(61) also showed that the heart could
wtilize lactate and from their studies it appeared that the heart
wtilizes lactate in preference to other types of fuel.

The fact that lactic acid is formed under anaserobic
conditions and is further oxidised only under aerobic conditions
was rosponsible for the numerous studies made on pulmonary metabolism.
Very conflicting results were presented by the different workers in

(62, 63)

this field. In some cases it was found that the circulating

blood lactate during passage through the pulmonary circuit was decroased,
. . . . . (64, 65)
while others found evidence of oxidative processes in the lung o
In contrast to these finding Evans et al,(66) found that the lung
actually contributed lactate to the blood in its passage through theso

OTEaNne.,

59. ®.G. Holmes and C.A. Ashford. "
" Biochemical Journal 24 : 119, 1930,

60. OC.A. Ashford and B.G. Holmes. "PFurther obscrva-
tions on the oxidation of lactic acid by brain tissue". Biochemical
Journal 25: 2028, 1931.

61. OC.L. Bvans et al. "The utilization of blood
sugar and lactate by the heart-lung preparation." Journal of
Physiology 80s: 21, 1933.

62. C.H. Beatty. "The effect of haemorrhage on
lactate/byruvate ratio and arterial-venous differences in glucose
and lactate'. American Journal of Physioclogy. 143.57, 1945.

63« D. Halmégyi et al. "Zur Frage der intrapulmonalen
Milchs#uercoxydation beim Menschen"., Klinischen Wochenschrift
29: 219, 1951,

64, AM. Mitchell and A. Cournand., "The fate of
circulating lactic acid in the human lung". The Journal of Clinical
Investigation. 34: 471-476, 1955.

65. W.T. Goodale et al. "Coronary sinus catheteri-
zation for studying coronary blood flow and myocardial metabolism".
fmerican J. of Physiclogy. 152: 340, 1948.

66, C.L. Bvans et al., '"Utilization of blood sugar
and formation of lactic acid by the lungs". Journal of Physiology
82341, 1934.
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Othor factors influencineg the lactate and pyruvate level of the blood.

It has been shown that exercise and anoxia increasc the

lactate levels of the blood, but further studies elucidated a third
(67)

factor. Bueding, Stein and Wortis in observations made on 23

healthy well-nourished subjects found a significant rise in the blood

pyruvic acid following the ingestion of glucose. Thesmallest increase

was 0.93 mg. percent and occurred at the end of 1 hour. Following the
peak the pyruvic acid fell, reaching the fasting range at or before
the 3rd houx.

A more detailed study was made by Friedemann, Haugen

and Kmieciak,(ll) who investigated the effect of alimentation on

the pyruvic acid and lactic acid levels of the blood. Thoy found

that following the ingestion of a moal, the pyruvate and lactate

of the bleod rose; and reached maximum values in one to two hours
after. which both acids rapidly declined. It was further found that

following the ingestion of meat, the pyruvate level rose slowly

which, according to these authors, indicates that protein ingestion
may lead to an increase of keto-acids., In this regard fat was
without effect,

Although Jexrvell (5) in an early study, was unablec
to show an increase in the blood lactate after a carbohydrate-rich

meal, the work of Goldsmith (68) confirmed the findings of Friedemann

et al.

Bueding and Goldfarb(69)_ investigated the effect of

intravenous injections of glucose on the blood lactate and pyruvate

levels. They found that a single injecfion of glucose, was followed

by & rise in both acids, which returned to the normal levels in

67. E. Bueding, M.H. Stein and H. Wortis., "Blood
Pyruvate curves following glucose ingestion in normal and thiamine
deficient subjects". Journal of Biological Chemistry, 1405697, 1941,

68, G.A. Coldsmith. "The blood lactate-~pyruvate re~
latisnship in various physioclogic and pathologic states." American
Journal Medical Sciences, 215:182, 1948.

69. E. Bueding and W.J. Goldfarb, "Blood changes
following glucose, lactate and pyruvate injections in man". Journal
Biological Chemistry, 147: 33, 1943.

5. 0. Jervell. Loc cit.
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2 hours,

Simultaneous injections of insulin after a single
glucose injection had no effect on the pyruvate level, but given
during a continucus infusion of glucose, it produced a further rise
iﬁ the pyruvic acid level,

In an earlier study it was shown by Asmussen et al,(70) f
that an injection of insulin during work oaused'an increase in the
blood lactate and R.Q. and a decrease in the blood glucose. Contrary
to this,; they found that an injection, under similar conditions,

of adrenalin resulted in an inerease in the R.Q., blood sugar as well

ag the blood lactate, That the injection of adrenalin causes the
blood lactate to rise was confirmed by the work of Griffith et al‘(?l)
on an anaesthetized cat., They found that the lactate output by tha
tissues of the leg was increased on the average by all doses of
adrenalin, but the maximum output was found with the smallest do=ze
and it was much less by all othor rates of administration.

ACTD-BASE RQUILIBRIUM.

In experiments on heart-lung preparations Anrep and

(72)

Cannon found that lactic acid in the blood rose when the
alkalinity was increased, while a fall in the pH was followed by a
reduction of the acid. Bock et al_(34) also found that a shift in the
bloed pH in the alkaline direction resulted in an increasse in Blood
lactate, In experiments on humén§ voluntary over-ventilation of 16 to
37 minutes gave increases of two to three times the resting lactate
values and in some cases the pH rose to 7.6. Ingeetion of large dosecs

of bi-carbonate had no ¢ffect on the blood lactate but the pH of the

blood was not raised as high as in cases of voluntary hyperventilation.

70. BE. Asmussen et al. "Horuwonal influences on carbo-—
hydrate metabolism during work." American Journal of Physiology,
130:600, 1940. '

7l. F.R. Griffith et al, "The effect of intravenous
adrenalin on blood flow,; sugar retention, lactate output and respira-
tory metabolism of peripheral tissues in the anacsthetized cat.!
American Journal of Physiology, 149:64, 1%47.

' 72. G.V. Anrep and R.K. Cannon. "The concentration
of lactic acid in the blood in experimental alkalaemia and acidasmia".
The Journal of Physiology. 58:244, 1924.

34. A.v. BOCk e'b 8.13 LOCa cit.
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In experiments on dogs Gesell et al (73) found that
injections of bicarbonate in amounts Aufficient to raise the pH by
0.3, causes the blood lactate to inorease significantly.

HEAT STUDIES.

The response of normal men to hot humid heat and
thelr performance under heat stress has boen studied by Eichna et

al.(74) (75) investigated the upper liﬁits

while the same authors
of environmental heat and humidity that can be tolerated by
acclimatized men working in hot environments, The effects of heat
stress and exercise on the renal blood flow and filtration rate was
determined by Radigan and Robinson (76). They found a greater decrcasc
in renal blood flow in the heat which shows that the blood was shunted

(17)

to the vital organs under the stress. Robinson ot al, investigated
a possible difference in the responses of white men and negroes to
work in humid heat. The difference in reactions to heat by represcn-
tatives of the two races were probably due to differences in
nutritional status,; acclimatization and training.

Hellon et al_(78) produced positive proof that older
men reacted differently in heat regulatory and circulatory responses
to woerk in heat, compared with younger men.

Exhaustive studies have been made on the adaption

of the human body to heat, the socalled acclimatization to

73. R. Gesell et al. "The regulation of respiration.

A study of the correlation of numerous factors of respiratory control
following intravenous injection of sodium bicarbonate. American
Journal of Physiology, 94:387, 1930,

T4. L.W. Bichna et al. "Performance in relation to
Environmental Temperature." Bulletin of the John Hopkins Hosp .

T4:25, 1945.

75, L.W. Bichna et al. "The upper limits of environ-
mental Heat and Humidity tolerated by Acclimatized men working in hot
environments. J. Industrial Hygiene & Tox. 27 (3) 5, 9, 1945, '

76, L.R. Radigan and S8id Robinson. "Effects of an1ron
montal Heat Stress and Exercise on Renal Blood Flow and Filtration
Rate. " J. Applicd Physiology 2 (4) s 185 — 191 , 1949,

77. S. Robinson et al. "Adaptations of White men and

oes $0 Prolongod work in Humid Heat." Amer.. J. of Trdpical Med.
%r 261 ~ 287, 1941. . _

78. R.F. Hellon et al. "The physiological Reaction
of Mon of two age groups to hot environments.'" Journal of Physiology
133 ¢ 118, 1956.
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» The changes that were regularly obsorved

hoat (195 80, 81, 82, 84)
were a progressive reduction in the increments in the skin and
deep body temperature, and in the pulse rate. This was accompanied
by a speeding up of +the onset of sweating and an increase in the
amount of sweat lost. Thoere was a concomitant improvement in the
subject's ability to perform muscular work and a noticeable
roduction in his feelings of discomfort.

Eichna ot al.(83) studied the changes which occured
in men during acclimatization to work in dry heat, using analysis
by partitional calorimetry and calculations of heat fransfer.
Tho more profuse sweating, increased cvaporative cooling and decreascd
metabolic rate; resulted in a lowored rectal and skin temperature and
an increased temperaturc gradient from deep tissues to surface. The

increased gradient made it possible for a smaller cutancous blood flow

(70 percent) to transfer the metabolic heat to the skin,

@& DETERMINATION OF LACTIC ACID.

For the quantitive determination of laetic acid in
blood and other biological fluids many methods have been proposed
and even more modifications were suggested. The older methods waere
not gquite “specific" for lactic acid and gave too high values (5).

All methods are identical in one respect, the

oxidation of lactic acid to acetaldehyde, but the choice of oxidizing

reagont differed widely. The more recent methods of measuring the

79. W.B. Bean and L.W. Eichna. "Performance in
relation o environmmenial temperaturc." Fed. Proc. 2 144, 1943,

) 80. Robinson et al. "Rapid acclimatization to work
in hot climates". Amer. J. Physiol. 140:168, 1943,

8l. D.B. Dill et al. "Changes in composition of
sweat during acclimatization to heat". Amer. J. Physiol. 123: 412, 1938,

82. D.K.C, MacDonald and C.H. Wyndham. J. Applied
Physiology, 3: 242, 1950.

83. L.W. Bichna ot al. "Thermal regulation during
acclimatization in a hot dry enviromment"., American Journal Physiology
1635585, 1950,

84. R.F. Hellon et al. "Natural and Artificial
Acclimatization to hot environment!. J. Phyeiology. 132 s 559,

1956,
5. 0. Jervell. (1927 - 28) Loc, cit.
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acetaldehyde formed are either Hitrometric or colorimetric. The
iodotrimetric method of Fricdemann, Cotonis and Shaffer (85) is
not quite a micromethod for cestimating lactic acid, seeing that it
reguires 0.5 mg. of lactic acid for the usual determination in
duplicate. 4 modification of this method described by Bdwards (86)
made it more applicable for blood analyses by omitting the copper
calcium treatment.

The colorimetric method of Mendel and Goldscheider (87)

and Miller and Muntsz (88) make use of concentrated sulphuric acid

as the oxidizing reagent to convert lactic acid to acetaldehyde.

Mendel and Goldscheider used veratrole as the colour reagent to

the colorimetric determination of acetaldehyde, while Miller and

Muntz made use of the rcaction betweenacetaldehyde and D=

hydroxydiphenyl. The method most widely employed for determining

lactic acid on a microscale is the colorimetric method of Barker

and Summerson (©9) which is based on the method of Niller and Muntz

seeing that the reaction of p-hydroxydiphenyl and acetaldehyde is
fundamentally far more scnsitive than the veratrole reaction.

e

85. Friedemann, T.E. 3 M. Cotonioc and P.A. Shaffer,
"The determination of lactic acid". The Journal of Biological
Chemigtry, 73 = 335, 1927.

86. Edwards, H.T. "A Simplificd estimation of
lactate in normal human blood". The Journal of Biological Chemistry
125 : 571, 1938,

87. Mendel, B. and I. Goldscheider, Biochem. Z.
164 H 1639 1925-

88. Barker, S.B. and W.H. Summcrson, "The
colorimetric determination of lactic acid in biological materiall,
The Journal of Biological Chemistry, 138 : 535, 1941.



CHAPTER 111.

METHODOLOGY .

Ixperimental Procedure: The seven subjects were

normal male African mining recruits, except Den - being a Lfoloured.
The physical characteristics of the subjects are presented in Table 1.

To avoid, what is commonly rcferred to as the

"training effect" they were "conditioned" for several weoks before the

testing period started. 411 seven subjects were tostod under normal

éonditions of temperaturc while threce were also tested under severe
humid heat. The fourth subject who was to be testoed under heat stress
left just aftor ho was fully acclimatized. The procedure of the
tosts were cxactly the same for both environments, except that in
the climatic room they worked at a wet bulb temperature of 920 Fah.,
a dry bulb temperature of 96° and a wind velocity of 150 feet /Mmin.

All the tests were made in the post~absorptive state,
and took place between 9 a.m. and 11.30 a.m. The subject was first
weighed. After the olectrodos were fastened and put in place he

rested on the remodeled scat of the ergomecter for at least thirty

minutes. At the end of this period +the resting pulse rate, rectal
temperature, oxygen consumption, cardiac output and blood sanmples were
taken. When the required resting tests were completed the subject

received a "warm up" bout of 10 minutes at a work load of 2500 f%

1bs/min., pedaling at 70 r.p.m. To keep the pace he had to pedal at
the beat of a metronome set at 140 beats por minute. The 'warm uph
period was followed by five minutes rest and directly after that the
subject pedalled at the determined load again at seventy revolutions
per minute.

Pulge rate determinations were made avery five

W
minutes except at the very high work loads where it was taken evaery

minute., Gas was colleocted from the second to the third minute and
again at the tenth and eleventh minute. At the high work loads, lasting

only a few minutes it was taken only at the second to third minute,
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The acetyleno rebreathing procedure (1a) followed immediately after the
cxpired gas was collected., Blood samples were taken at the end of
exercise usually during the last twenty seconds of exercise. At the
more sirenuous work loads the blood samples were taken not only
at the end of oxercise but also at the third, fifth and seventh minutes
of recovery. The experimental procedure for subjects Ber., Jul,, and
Arm. wag slightly different from the rest: In their case the pulse
rates wore taken with a stothoscope at the chest wall for two thirty
second poeriods,

Pulse rate: The measurements were made wi&h a
portable Sanborn slectrocardiograph.

Cardiac output was determined by the Grollman

acetylone method (1) as modifed by Christensen (2).

Collection of oxpired air: Timed air collections

were carricd out using a rubber gas mask and a length of rubber

corrugated tubing leading to a Douglas bag. Beforc each experiment

the Douglas bags were first flushed with expired air and then cleared

out. During experimentation 30 to 40 seconds were allowed for the

dead space air to be flushed out before the bags were opencd for

collecting samples., The bags were always opened and closed at the end

of an expiration (3).

Collection periods were three minutes for resting

samples and one minute for working samples. Three litre gas samples
were taken for analysis in rubber bags after the gas was thorcughly

mixed in the Douglas bag.

1(a). 4. Grollman. "The Cardiac Qutput of Man in
Health and Disease." P. 59, Charles Thomas, Springfield, Illinois,
Baltimoro, Maryland, U.S.A.

ls A. Groliman. "The Determination of the Cardiac
output of Man by the use of Acetylene". IAmerican Journal of Physiology
88 : 43, 1929.

2+ E.H. Christensen. "Minutenvolumen und
Schlegvolumen dos Herzens wihrend schwerer kdrperlicher Arbeit!,
Arbeitsphysiologic 4:470 - 502, 1931,

3. H.J. Briggs. "Physical Exertion, Fitness and
Breathing'"., Journal of Physiology 54:292 -~ 312, 1920,
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The volume of gas in each bag was determined by an
accurately calibrated wet gas meter at constant pressure and rate of
flow, The tomperature was read off from a built in thermometer, and
the barometric pressure noted. Tho volume of gas was then expressed
in terms of N.T.P. aftor allowance was made for the gas taken for
analyses.

Blood samples: In collecting blood during rest

or while the subject was doing low work loads, it was necessary to
keep his hand in watoer at 470 for a few minutes to hasten the blood
£low. Thereafter his hand was dried thoroughly, a deep cut was made
in his finger with an automatic spring-stiletto and after discarding
the first drop of blood a sample was taken. The preliminary trecatment
with hot water was unnecessary during moderate and high work loads.
The blood sampling was done with a 0.5 ml. blood
pipette, fitted with a rubber iteat on top. A small screw clamp was
fitted to the bulb of the teat and by manipulating the screw, fast and
accurate adjustments could be made, while the operator had the blood
in the pipette under control. With this arrangement a sample of blood
could be taken in less than twenty seconds, depending on the supply
of blood from the wound. Usual samples were between 0.3 and 0.5 ml and
was immediately deproteinized by ice cold 20% trichloroacetic acid.

Analytical Methods: Gas; The Bxpired air was

usually analyzed by the Haldane method while the Grollman samples
containing the acetylene wers analyzed on the same maoﬁine fitted with
an extra bulb for absorption of the foreign gas. In carrying out the
analysis, the carbon dioxide, acetylena, and oxygen are absorbed in tho
or&er-named. For the carbon dioxide absorption a ten percent

potassium hydroxide (KOH) solution is used. Following the absorption
of carbon dioxide, the acetylene is absorbed in a reagent containing
20 percent mercuric cyénide (H@ﬂCN)z and 8 percent sodium hydroxide
(NaOH)., The oxygen is absorbed in an alkaline solution of pyrogallic

acid, Duplicate analysis werc made on all samples and a discrepancy

of not more than 0,04 werc permitted, clse a third chock was made.



31.
Gas samples from subjocts Ber., Jul. and Arm.were analyzed for oXygen
and carbon-dioxide in the paramagnetic oxygen analyszoer (Beckman,
Model 32 nill-point analyzer with total rango 12-22%). From tho
volume and composition of inspired and expired air, the rate of oxygen
consumption was obtained for cach period.

Blood Lactates Lactic acid was determincd by thoe

highly specific method of Barker and Swimerson (4) as modified by
Hullin and Nobls (5) and some minor modifications to make it more
suitable for conditions, provailing in the laboratory, at the time of
the study.

Barker and Summerson described a micro method for
lactic acid determinations in blood. By théir procedure the blood
is deproicinized with cold trichloroacetic acid, carbohydrate and
interfering substances are next removed with cupric and calcium
hydroxides. Lactic acid is oxidized to acetaldehyde by concentrated
sulphuric acid, heated for five minutes in a boiling water bath.

The colour reagent is para-hydroxydiphenyl which necd 30 minutes at
30° Cont. for maximum colour development of which the excess is
removed by placing in a boiling water bath for 90 seconds. The
colour is read in a spectrophotometer at 560 mu.

When blood was analyzed according to this
procedure it was found that duplicate samples checked poorly and
reproducible results could not be achieved.

After this a modification of the original method by
Bullin and Noble was tried out, which gave excellent results; which
were reproduceable, but the methoﬁ turned out to be too tedious and
time consuming. The biggoest objection ageinst this method was the

prescription of three successive copperlime treatments to remove

4. B8.B. Barker and W.H. Summerson. "The
Colorimetric determination of lactic acid in ®iological material',
Journal of Biological Chemistry, 138 s 535, 1941,

5. R.P. Bullin and R.L. Notle, "The Determination
of Lactic Acid in Microgram Quantities". Biochemical Journal

55 :-289, 1953.
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pyruvate or interfering substances. It was claimed by Strém (6)
and later confirmed by Holmgren (7) that omitting the copper calcium
troatmont altogether, has no significant affect on determinations
of lactic acid in blood.

In this study the copper-lime trcatment was not
ropoated, the procipitate was not removed by centrifugation, but by
vacuum filtration using sintered glass filters (No. 4). In addition
the sulphuric acid was added by mecans of a volumetric pipette and
not a burettoe.

Procedures Iactic acid standard : Lithium
lactate (mol.wt 95.94) was preferred because this salt is anhydrous and
not hygroscopic. It was prepared as follows (8)2 U.8.P. lactic acid
(85 percent) was diluted with an equal volume of water and a few drope
of phenol red indicator were added. Saturated 20 percent lithium
hydroxide solution was added to slight excossy ag is indicated by tho
phenol red. The solution was heated to boiling and the alkali was again
added fo slight alkalinity. It was then cooled, four volumes of 95%
alcohol werc added and after cooling, for some time, the mass of
crystals was filtered off on a Buchner funnel and washed thoroughly
with 95% aleohol. After being twice recrystallized from water it was
dried at 100° Cent.

The stock standard: 0.2133 gm of the pure lithium

lactate was dissolved in 100 ml water in a litre volumetric flask.
To this was added 1 ml of corcentrated sulphuric acid {analar reagent )
and the volume was made up to the mark with water, and was thoroughly
mixed, This solutbion contained 1 ng of lactic acid per 5 ml. The

stock solution was further diluted to prepare the working stendard,

6. G. Strém, "The influence of anoxia on lactate
utilization in man after prolonged muscular work." Acta Physiologica
Scandinavica 17 s 440, 1949,

T« A. Holmgren. "Circulatory changes during muscu-—
lar work in men". Scandinavian Journal of Clinical and Laboratory
Investigation." 8: Suppl. 24 pp 14 - 15 1956,

'8, P.B. Hawk, B.L. Oser and W.H. Summerson.
"Practical Physiological Chemistry". 13th Bd., p 75, London s
J & A, Churchill, Ltd., 1954.



33.

Procedure of analysis: 1 ml of the deproteinized

2lood solution was pipetted into a wide test tube containing 1 ml

20% (w/v) copper sulphate and the volume was made up to 10 ml with
water. Approximately 1 gm of =olid calcium hydroxide was added and
was thoroughly mixed. The solution was left to stand for 30 nminutes
or longer before it was filtered through a No. 4 sintered glass filtoer.

1 M1 of the filtrate was transferred to a ground -
glags stoppered Pyrex tube and 0.05 ml of 12 percent (w/%) solution
GuSo4.5H20 added, followed by 5.ml concentrated sulfuric acid with
vigorous shaking. To prevent the solution from becoming too hot the
lower end of the tube was immersed in an ice~water bath and the acid
added very slowly. After addition, the tube was heated for 30 minutes
in a water bath maintained at 60 = %9 whereafter it was cooled to
x 150 C and the 0.1 ml, 1.5 percent p-hydroxydiphenyl rcagent in
alkaline solution was added. The precipitated p-hydroxydiphenyl was
then thoroughly dispersed in the concentrated sulphuric aoid and left
in a water bath at 30° C for 20 minutes.

Once or twice during the 20 minutes interval the
test tubes were agitated to redisperse the precipitated reagent, and
then it was placed in vigorously boiling water for exactly 90 scconds.
Thereafter it was cooled in an ico water bath, and the optical donsity
of the resulting violet coloured solution was determined. For this
a Beckman spectrophotometer was used at wavelongth peak 560 M. against
a set of roagent blanks, propared by taking distilled water through
the whole of the above procedures. Two different concentrations of
standard solution, wore analyzed in duplicate, in exactly the same way
as the reagent blanks and from their value, the concentration of the
unknown solution was determined. As the final dilution of the working
standard should not contain more than 8 micro grémmes par ml acid, it
was adviseable to make up a fresh working standard every day.

Calculation: If the lactic acid concentration was

plotted against the log percent transmititancy of the coloured standard

solutions, a straight line was obtained, and from this calibration
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curve, using the log percent transmittancy of the unknown solution,
its concentration of lactic acid could be read off,

Miscellancous information on the procedure:

1. ‘Blood was analyzed as soon as possible after
collection and was never kept for the next day,

2« The trichlorcacetic acid was freshly prepared
every week and was kept in the refrigerator.

3+ If reproducibility and good agreement betwcen
duplicates are to bo achieved, meticulous attention must be paid +r
detail and cleanliness of utensils.,

Pyruvic acid determination: (Principles).

The blood proteins are precipitated by trichloro-
acotic acid and removed by centréfugation. Treatment of the clear
supernatent with 2, 4 dinitrophenylhydrazine in acid solution the
hydrazone of pyruvic acid is formed which with the excess phenylhydre -
zine is removed with toluene., The hydrazone is recovered from the
toluene with agueous sodium carbonate as the sodium salt, and this salt
in strong alkaline solution is red coloured and is read on the
photoelectric colorimeter.

The effect of anticoagulant and prescrvatives:

It is a well established faet that the pyru—ate
content of blood rapidly decreases on standing for a few minutes ‘
To prevent this rapid glycolysis taking place in blood certain
preservatives were used e.a. iodoacetate and sodium fluorido (10).

The effects of those salts on the relation of

lactate to pyruvate in blood were investigated by Bueding and Goldfarb
(11)

9+ W.E. Buckabee. "Control of concentration gra-
dients of pyruvate and lactate across cellmembrancs in blood".
Journal of Applied Physiology. 9: 163, 1956,

10. L. Bueding and H. Wortis. "The stabilization
and determination of pyruvic acid in the blood." Journal of
Biological Chemistry. 133 : 585, 1940.

1l. B. Bueding and W. Goldfarb., "The offcct of
NaPF and sodiumiodoacetate on glycolysis in Human Blood", . Journal
of Biological Chemistry. 141 539, 1941,
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Pyruvic acid was determined by the most commonly

known method of Friedemann and Haugen (12)' This method requires no
blood anti-cQagulant or preservatives like NaP or lodoacetate, and
pyruvate determinations could very conveniontly be done on the same

deproteinized blood samples used for lacitate estimations,

RIAGENTS.

Stock Selutions Triple vacuum distilled pyruvic

acid was used to make a stock solution with a final acidity of
approximately 0.1 N.

Hydrazine Reagent: 100 mg were ground in a

mortar with increasing small volumes of approximately 2N HC1 until
100 ml have been added, The solution wag filtered through a small
filter paper and stored in a refrigerator.

Sodium Carbonates 4 10 percent solution was made

by dissolving 10 gm in cool distilled water that has previously becn
thoroughly boiled. It was kept in a Pyrex bottle.

Sodium Hydroxides A 1.5 N NaOH solution was made

using thoroughly boiled water cooled down to dissolve the sodium
hydroxide pellets, It was kept in a Pyrox hottle.

Calibration Curve: The standard solution was

approximately diluted with 10 rercent trichlorcacetic acid so that

3 cc contained quantitics from 0.5 micrc grammes to 10 micro grammes ,
To establish the standard curve each difforent dilution was detorminod
in triplioate. Three ml samples were taken and troated similar to the
procedure followed in deproteinized blood solutions.

Procedure: Threec ml of the clear supernatant
gsolution, left over from the lactate determinations, was transferrced +o
a 18 x 150 mm test tube. After 0.2 cc of the hydrazine reagent was
added the solution stood for exactly five minutes. The formod hydra-
zones were extracted by adding 4 cc of toluene whereafter a rapid
stream of nitrogen was passed through the mixture for two minutes.

The aqueous lower layer was then removed while the liquid adhering
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to the walls was dislodged by a sudden circular movement of the test
tube. After removing the lower layer, 6 ¢c  of sodium carbonate was
added and the solution was again aerated with Nitrogen for two
minutes. Only after the two layers of liquid were distinctly seperatod
was a 5 ml sample taken from the lower layer with the necessary
Precauntions of not contaminating the sample with traces of the top
layer.

Exactly 5 ce of a 1.5 ¥ NaOH was added to 5 ce
sample and was thoroughly mixed. Tho reading was done on 2 Beckman
spectrophotoneter at wavelength 520 mp after 5 - 10 minutes. All
blood samples were analyzed in duplicate and the mean
of the two readings was used in +the caleulatinn, This was done in
& similar way as that for lactate except that a different factor was

used allowing for the difference in dilutions.

BICYCLE ERGOLTTER.

A bicycle ergomoter equipped with an electro-dynanmic
brake was used as the medium of exercisc., A wooden chair, with arm
rests, was so fixed and rigged up that it céuld serve as an adjustable
bicycle seat. The secat was fastened to the back of the pedals and the
seat height was about even with the axle of the pedal sprocket, The
subject sat in the chair with his back well breced against the back
support and arms resting on the arm supports thus enabling him to keop
his upper body and arms in a fairly quict and motionless position
while pedalling.

The prineciple of tho clectrodynamic brake itself
resides in the fact that a seperately excited direct current generator
Serves ag load. The armature of this generator is connected 4o
external load resistors. When pedalling the ergometer, the armature
is rotated at speed and a current is generated within it,

This current dissipates electrical energy into the
load resistors. By increasing the field current,; the magnetic resistance
to the rotation of the armature is increased and provided the speed

is constant, the current generated will be proportionally greater.
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More energy will, however, be needed to rotate the armature (and
more electrical norgy will be dissipated in the load resistors,.)
The field current can thus be regarded as a direct control of

the onergy dissipated in the load resistors.

CALTBRATION OF THR BICYCLE ERCOMETER.

NOMENCLATURTR:
Applied voltage or terminal voltage V volts
Induced emf E% 1
Volt drop due to armature resistance Vﬁ n
Amature currvent Ia amps
Field current If t
Armature resistance and brushes Ra chms
Input power W watts
Power dissipatoed in load Wi "
. "
Powor loss in Ra WER
Power loss due to iron Wi "
Power loss due to mechaniecal ﬁﬁ "
Load resistance ' RL ohms
GIRCUIT DIAGRAM:
e a I J
- S £ a
} .
Z,.j V2 f' RL
Powler
Sup |ply : ’
' ~
£ —d
E =V 4V
0 8

When the armature is rotated, an emf. E, is induced, which is gz

function of If. By insreasing If, EO

dissipated by connecting a load resistor RL across the torminals,

is increased. Dnergy is

The total resistance in series consists of RL and Ra. Thereforo, by
increasing If (from a separate power supply) onc increases the load
imposed on the armature of the generator. The total losses, or amount

of encrgy dissipated consists of the following 2~
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8« Mechanical losses - friction,

b. Resistance losses due to resistance of armature and brushes.
¢c. TIron losses due to hysteresis and oddy current.

d. Resistance losses due to external load resister.

METHOD OF OBTATNING LOSSES.

l. Armature and Brush Loss - Wé
Variable Resistance for
R, o _~changing V - I
l r____/\(r\{.\,-._,__,..___. J— "?. - ,-.ﬁg\a \}_ NP e
; i - - H
,ﬁ .-”"“}" ! Ammeter f.\.';-.‘-:',’—-
4 7 1
=R .> (ﬂ:yoltmeter y 18w
[ | T
: | N B . — e et
- Figure 2

& number of readings for V and Ia are taken for three posistions of
the armature

Arm. Resist, Ra = V/Ia
(1)

Ra varies with Ia’ 80 a graph is plotted of Ra - Ia.

2. Mechanical and Iron Losgses

Ra o /‘7
— e AN - ;@m-»-,&/;{v\.»_-___,.
e J—w - - ! T - e
! Ify ¢ ‘.'3 ¢ \‘" t S
* i'i'jl i } {” ; x} 4 v
% a4 ka--"" -‘-Ef_/ i
T _ [ _F

Fi gure 3

The machine is run as a meter at constant speed (70 r.p.m.). It is

altered for various values of V, to maintain a constant speed. If,

V and Ia are noted,
Input power W = VIa.
From graph in (1) armmature resistance Ra is obtained for each value

of 1 .,
(=)

2 -
Loss due to Ra = Ia Ra = WQR'

Therefore mechanical + iron loss

WM + Wi = W - WéR

2
Wﬁ + W& = VIa = Ia Ra watts
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Iron loss is known to have tho following relation with flux intensity

or field current (Pigure 4).

Tron r
Toss : -

r Field Current
Figure 4
A graph (2) of W + W is plotted against I, and has tho following

shape (Figure 5),

W+I ).r,"/

If

Figure 5
Since +the machine was run at constant speed, the lower section,
which is constant, is the mechenical loss and the upper is the iron
loss.
RESISTANCE LOSS OF BXTERNAL LOAD.

Power loss = I _°R watts. (R = & ohm), This is

used in the calibrating test below.

Calibrating Tests

With the normal circuit as in Figure 1, a volt~
meter is comnected across the terminals. The orgometer is pedallcd
at constant spced. The terminal voltage is noted at each step for
the whole range of If from O to 4 amps.
l. Knowing the load resistance R, = % obm,
Ammature current = VYEL = I.
2, From graph (1) the armature resistance is obtained, R , knowing I,.
3. From graph (2) the mechanical and iron loss (WM + M&) is
obtained; knowing the value of If at each step.
4. Armature losses = IaeRa'

2
5. External load loss = Ia RL'

6. Total loss is (3) + (4) + (5),
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A graph of the total load can now be plotted against field current.
This then is the final calibration for a varticular speed.
Note

4s an indication of work rate, a recording voltmeter can

be connected across the terminals.

cLIMATIC ROam (13,

The climatic chamber is built in the form of a
return flow wind tunnel with two working sections, ten feet cube,
forming the %test chambers, one for horizontal flow and the other for
vertical upward flow. In each of the two test chambers the walls
normal to the direction of air flow are built in the form of har-grid
panels so as to allow the air o flow through them, yet at the sanmc
time enabling the mean radiant temperatures to be controlled o
within the specified limits,

In the two test chambers the environment can be
controlled fo give any combination of values of the four variables
involved between the following limits -

(a) Mdirp 'bemperatﬁre from 400 F to 1300 .

(b) Air velocity from 20 to 1000 feet per minute.

(¢) The mean radiant tomperature of each of the six
enclosing surfaces can independentily vary from

30°F below to 30°F above air temperature.,

13. W.L. Grant. "The design and development of a
climatic chamber for the study of human reactions under different
environmental conditions", Journal of the S.A. Institution of
Mechanical Engineers, Dec. 1954, 133 -~ 206.




CHAPTER 1V
RESULTS.

Observations were made of the pulse rate, oxygen
consunption, blood lactate and pyruvate at different levels of work,
ranging from 2500 1% lbs/hin. up to each individusl® maximum work
lcad. 4As repeated observations were made at the same level of work,
the results are presented in terms of the mean values obtained Ffor
each individual at each work load. The data are summarized in Tablos
111 (a) to V11l %) and arc also graphically represented iﬁ figures
1 to 27, To most of the data curves were fitted as wéll as the
caloculated 95% confidence limits,

The mean values for pulse‘rates ohtained for
seven subjects are given in Table 111(a) while the pulse rates
obtained for three subjocts in the heat are summarized in Table 111(»).

In Table 1V(a) are presented the oxygen consunpiion
values obtained under normal conditions, while in Tabloe 1V(b) éalues
are given for humid hoat;

Table V(a) presenfs mean values for blood lactato
found undor normal conditions of temperaturs, while Table V(b)
presents the  '"hot" valuecs,

In Table Vi(a) and (b) are shown the blood
pyruvate values found under normal conditions and in severe hoeat.

Values for cardiac output are represented in Tablo
V1l, and represent data for two subjecis tested under both environmonts.

The rectal temperatures recorded for two subjects
are given in @&giz;;i;i. In figure 23, a comparison is made betwecn
the temperature response to work performed in heat and cold for
subjects Zef., and Den. A comparison between the work rates is not
Jjustifiable, because the duration of cexercise varied with the
intensity of the work lead. However, the duration of exercise for
worklintonsities between 2500 £t Lbs/min. and 8000 £t 1bs/min. wore
similar and can therefore be compared. it is obvious that rectal

temperature increase with increase in work load, The striking



| .
feature of the graph is that the rectal temperature of both
subjects observed in the heat are significantly higher than for the
cold. The small differences found.at the higher work loads,
especially in the case of subject Zef, can only be asﬁribed to the
time of exposurce to heat, being too short. It is also important to
note that the "hot" curve of Den. in comparison with subject Zef's

curve 18 significantly higher at all intensities of work load.
TABLE 1.,

PHYSICAL CHARACTERTSTICS OF TEST SUBJECTS:

; Subject ; %Eii?? E (1bg?ight 0zs) E
:  BER, ) 65 s - 6
o JUL. ) 63 . 128 - 15 :
AR, : 61 P16 - 10
fooa, ; - S L
. pmi. : - Do - 100
‘' zEF. : 643 D - . VI
' ve. : 64 Py - 9
TABLE 11.

RESTING VALUZES FOR SEVEN SUBJECTS:

E P ——— f LACTATE wquf PYRUVATE m¢\°€h
s s N t Mcan : Mean :
: BER. ; 5 i 12.6 X 1,01 :
:  JUL. : 5 s 9.7 3 1.04 :
: ARM, X 5 3 11.0 ; 1.06 .
. ANT. :17 ¢ .4 - :
:  DEN. 23 3 12. 4 3 - :
: ZEF. 11 5 l4ed s 1,80 :
— 15+ 14.3 s 1.45 '




9% Q¢ 4d OO0 90 PO OF BO GO 68 09 @C 0D IO e Op OO OO0 O3 OF OO0 €O Q8 LB oo &
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TABLE 11(b),

PREVIOUS RUSULTS.

A3

AUTHORS. VALUES \scieie, © REFARENCES.  °

tJ, Biol, Chem. 3

1. Bdwards (1938) Te2 t0 9.9 mgh i 125571 X
2. OCOrescitelli & Taylor 12,4 and 28.5 mg% fAmer. J. Physiol, i
(1944) . 1413630 .

z Acta Med. Scand.

@3 00 ©b bo ' @o

3. Jervell (1928) 20 to 30 mgh : Suppl. 22-25 i
: g Amer. Journal of Med.s
4. Goldsmith (1948) 9.3 ek st Sciences 215:182
¢ Acta Physiol.
5. Asmussen (1950) 10 to 15 mgh  Soand. 20-125.
¢ Journal of Clin.
6. Bock et al (1932) 9.0 meh  Irveot. 115775
7. Robinson et al (1941) . 18,0 mgh fﬂmerélf;ﬁghysiol-
! Journal of Applied
8. Wells et al {1957) 16,5 mgh + Phesiologs 10051
9. Holmgren (1956) 10.1 to0 10.9 mgh °Scand. J. Clin. Lab.

“Invest. Yol. 8;
c Buppl. 24 p.1-97.
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TABLE 111(=a).

MEAN HEART RATES BYRUBG CTCLING AT DIFFERENT WORKING INTENSITIES

ROOM TEMPERATURE.

BER . JUL. AN T . DEYN . VIO ZEF .
JWN g&n.ﬁﬁ N |Moan [| Fork Moan || 1O} §|Moan |s.0. || | n| Mean| 5.D.§ FOTF | w| Mean [s.D. Yok | i |Mean |S.D.
3000 93 | 3000 | 3 mm__wooo 116 || 1500{ 6| 91.2{ 16.8|| 1500| 4} 80.8| 6.8] s000{5| 111.21 9.0] 2500 5| 97.2| 5.6
5500 118 || 5500 { 3 | 115 || 5500 150 || so00| 8|153.4] 13.3|| 5000{5}120.8 3.4] 7500|7 147.7|5.6[ 5000| 5| 126.2| 9.8
6700 138 |f 6700 | 2 | 137 | 6700 168 || 7000| ol171.7] 6.5 7000} 9|144.3] 6.2§ 8500|2] 166.5 | 3.5{ 7500| 3| 170.6]10.1
7500 137 fi 7500 | 4 | 148 || 7500 184 || 7500] 7|175.9] 7.2|| 8000|6|159.3] 2.50 9000i6 | 166.8 | 8.2{| 9000} 5| 177.6{ 6.8
9000 160 || 9000 | 3 | 162 {9000 178 || 8000{ 7]179.9] 4.3|| 9o00|{5{189.0| .7] 10000{7| 167.0]7.5}10000| 1| 192.0| -
10000 155 | 12000] 2 | 178 8500| 8[186.1} 4.5]| 9500 qu.m 2.2 105003 | 178.0 | 5.8]l10500} 2| 187.0] 1.4
11750 163 || 11000] 3 | 1M 9000| 5[189.8| 1.3l10000(5[177.2] 4.2§ 11000{2{276.0] -
| 9500| 31190.7| 1.6lj10500]5[178.6| 3.3
11000 178.0 5.0
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TABLE 311(b).

MEAN HEART RATES DURING CYCLING AT DIFFERENT WORKING INTENSITIRS : HOT ENVIRCNMENT.

DEN . VIC. ZEF .

o N | Moean 8.D. Joxk | w Mean | S.D. yore !l w Mean | S.D.
1800 3 103.0 11.4 1800 | 4 90.3 3.8 1800 | 4 114.0 | 4.2

5000 5 138.8 11.4 5000 | 6 130.5 6.1 5000 | 4 146.7 | 1.5

7000 6 167.2 549 7000 | 7 152.4 | 11.2 f| 7000} 7 171.4 | 5.4

8000 6 173.7 7.2 8000 | 6 165.0 4.9 8000 | 6 182.2 | 6.2

9000 5 182.6 5.6 9000 | 6 171.5 4.6 9000 | 7 187.0 | 4.4

9500 6 | 183.3 7.0 9500 | 5 178.2 4.5 | 9500 6 185.0 | 5.4

10000 5 188.0 2.7 10000 | 4 180.5 4.2 r| 10000 | 7 185.1 | 5.2
10500 6 189.7 7.7 10500 | 5 181,2 3.3 10500 | 10 189.9 | 5.0
11000 8 192.9 4.5 11000 | 6 181.0 3.8 11000| 3| 187.3 | 4.0
11500 | 11500 | 4 183.0 3.2 §§ 11500 2 188.0 | 1.4
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TABLE 1V (a).

OXYGEN INTAKE DURING WORK ON THE BICYCLE ERGOMETER : ROOM TRMPRRATURE.

BEZR. | JUL . ARM . AN T, DEN . vIC. ZEF .

Work Work Work Work Work Work Work
Rate. N | Mean Rate N Mean Rato N} Mean Rato N |Mean : 8.D. Rate N1 Mean |S.D. Rate N | Mean S.D. Rate N IMean | 8.D.

5500f 61 1.6310) 5500/6{ 1.7150 5500 5 H.qmmoﬂ 500018 [1.876 .1665 5000| 51 1.837 LXTTif 5000] 8{1.579 .Hqu— 5000f T7{1.594; .102

6700{ 4 w.wwwm_ 7000(10}2.214f .137] T000| 8] 2.257].156 7500]10 m.hoo «184 1 7500} 9|2.483] .204
f

30001 4§ 1.0132{ 3000 4 H.OmHht 30005 H.Oomw= 150046 .807}| .089 15001 4 .624].045 25001 71 .918 .Oﬂb. 2500 T[1.012f .091
6700| 4] 1.9686|| 6700]2 H.&B*_

75001 31 2.2250| 750016 m.wmwu: 7500f4 mammWWQ 75001 T7]2.211] .134| 80001 6] 2.372 097} 8500| 2{2.765] .2051 9000| 13 2.809! .175

90001 3| 2.4960]} 900014 | 2.4987 900014 { 2.4006}) 8000} 6]2.338{.090 9000 51 2.5211.039]| 9000} 8}2.818| .256 Woooo 1812.912} .182

10000 | 51 2.7677(110000{5 | 2.7942] 10000]2 | 2.455 : 8500] 82.480| .207] 9500] 6| 2.768|.098}{10000]13]2.952 .wa=pomoo 8|3.062| .164
!

13750¢ 71 3.0822]l11000]5 m.qmwm_ﬂ| 9000 T12.593].058]10000) 5| 2.8361.135 10500116{2.965 | .197 [11000| 8]3.,127] .159

; 95001 72.583( .187}10500| 7 | 2.829.240{l11000 [12[3.018 | .120 11500] 7)3.221] .131

= 11000 7| 2.840[.175[11500(11]2.983 | .127
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TABLE 1V(b).

OXYGEN INTAKE DURING WORK ON THE BICYCLE ERGOMETER : HOT ENVIRONMENT,

DEN . vIC. ZEF .
poTk N. Mean S.D. Jork X Mean 8.D. || pork N Moan S.D.
1800 3 562 | 169 1800 4 .668 .043 1800 4 654 .045
5000 4 1.518 .084 5000 5 1417 .096 Il 5000 3 1.237 .243
7000 5 2.103 .102 7000 8- 1.864 .156 7000 5 1.986 .186
8000 6 2.256 071 8000 5 2.182 .023 8000 6 2.161 .102
9000 5 2.558 .095 9000 6 2.609 .233 9000 6 2.315 .165
9500 5 2.549 .153 9500 6 2.559 .056 9500 6 2.417 .238
10000 4 2.783 .103 10000 4 2,801 199 || 10000 6 2,406 .106
10500 6 2,668 .186 10500 6 2.823 .187 I 10500 10 2.704 .220
11000 9 2.880 .233 11000 4 2.748 .110 {| 11000 6 2.700 .193
11500 4 2.700 .086 11500 7 2.883 127 |} 11500 5 2.880 .223




THE MBAN BLOOD LACTATE CONCENTRATION FOR SEVEN SUBJECTS

TABLE V (a).

ROOM TEMPERATURN.

BER. JUL, LRN . $ ANT,
Work Work Work Work
Rate Mean S.D. Rato Mean 3.D. Rato Mean S.D. Rato Mean S.D.
3000
3000 1800
mwwm 20.4 8.3 5500 21.2 6.5 3000 18,0 3.9 : 3000 17.3 5.2
7500 41 309 | 1.5 6700 | 3 25.9 | 4.8 || 4700 | 2 30.6 .mi_ 5000 31.0 | 5.7
9000 5 66,2 7.1 7500 6 42.6 7.6 E 5500 4 44.9 7.9 7000 65.3 5.0
10000 5 74.0 7.8 9000 4 3.4 3.1 6700 6 71.9 8.4 i 9000 103.1 6.2
11600 7 101.2 5.7 10000 4 90.3 3.9 _“ 7500 3 109.0 7.7
11000 4 103.3 8.9 = 9000 2 131.3 7.4
DEN . = vic. ZEF
Work Woxrk Work
Rato Yean S.D. Rate Mean 5.D. Rato N Mean 8.D.
2500 5 17.2 3,6 2500 3 11.8 3.3}t 2500
_ 5000 9 21.5 2.6
5000 3 23.9 6.7 5000 5 17.3 1,9 | 7000 4 31.9 2.6
7000 5 45.1 11,4 6000 3 22,5 2.3 1 7250 6 44.9 4.7
8000 4 66.8 4,9 7000 6 29.6 2.7 7700 2 67.0 4.2
9000 4 90,1 14.6 8000 3 84.5 6.3 | 8000 4 76.4 4.5
16000 3 109.3 12,0 9000 5 113.0 8.1 { 9000 2 109.3 T.4
10500 2 107.5 3.5 10000 7 124.6 10.0 § 9300 2 115.5 i
11000 4 108.3 4.0 10500 3 138.2 10,9 {10000 4 123.8 2.3
11000 3 140.5 9.9 [I10900 2 129.5 9,2
= 11000 3 133.8 2.6
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TABLE V(b}.

MBAN BLOOD LACTATE VALUES : HOT ROCM (THMPERATURR mmo F.)

DEN VI b

poxk Mean S.D. pork Mean S.D. ok Moan s.D.

wmmw 17.2 | 3.2 3300 12.4 2-4 300 11.8 21
4000

5000 19.2 3.2 5000 16,3 4.5 5000 18.5 1.5

7000 43.1 | 10.2 5250 28.8 6.7 7000 58.7 3.4

8000 77.1 | 13.4 6500 48.5 9.2 8000 89.7 13.5

9500 88.0 | 12.7 7000 38.9 10.3 9000 105.5 3.5

10000 105.4 1.9 8300 88.5 9.2 9500 114.4 13.8

11000 115.0 4.2 9000 104.6 5.4 10000 113.2 9.5

9500 113.0 3.8 10400 116.0 5,0

10000 113.0 4.2 10500 126.1 7.9

10500 117.9 .9 11000 129.0 10.8




TABLE Vi(a)

a
MEAN BLOOD PYRUVATE VALUES WITH PROGRESSIVE WORK LOADS : ROCM TEMPERATURE.
BER. JUL . =. ARM . = vIC. ZBF .
Work Work Work Work Work
Rato i) Mean S.D. Rate N Maan S.D. Ratc N Mean m.u.= Rate Mean sS.D. Rato Mean S.D.
20004 51 o2 | .29 |l 3000) 6] 1.51f .31 3991 41 1.31] .35 | 2500 1.971 .38 2500 1.55] .40
5500 2200 4700
6700 f 3| 1.00 | .29 | 6700| 21 2.11{1.25 = 5500] 5 [ 1.981 .38 | 5000 1.92] .33 5000 2.21{ .22
9000 | 31 2.73 | .05 | 7500 4| 2.90| 5 I' 6700] 5| 2.69| .86 | s000 "2.53| .06 7000 3.52 | .33
10000 | 3| 3.70 | .43 ff 9000! a4l 3.44) .41l 7500] 2| 2.a5]| .o1 | 7000 3.02| .50 8000 4.1 | .38
11600 | 5 | 4.63 | .16 || 11000| 5| 4.32| .66 § 9o0o] 3| 3.78] .39 | 8000 4.231 .30 9000 2.66 | .11
! . 9000 4.94| .49 10000 5,271 o2
10000 5.09] .78 11000 5.80 | .41
10500 5.701 .47
= 11000 5.861 .53
li |
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TABLE Vi(b).

MEAN BLOOD PYRUVATE VALUES FOR TWO SUBJECTS :

HOT ROOM ( TRMPERATURE 92° F. WET BULR).

TIGC. ZEF .
ok Mean S.D. gl | Meen s.D.
2500 1.49 .11 2500 | 3 2,02 .59
5000 1.96 .30 5000 | 2 2,05 .17

7000 3.01 .20 7000 | 2 3.23 -
8000 3.33 .35 8000 | 2 3.52 .02
9000 4.25 32 | 9000 | 3 3.96 | .06
10000 4,86 .61 9500 3 4.03 .02
10500 4.53 .54 || 10000 | 3 4.44 .16
I 10500 | s 5.30 .34
11000 | 2 5.06 .64

H
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TABLE V11

CARDIAC QUTPUT FOR TWO SUBJECTS AT DIFFERTINT ENVIRONMENTAL TEMPHRATURTS:

ZEBF. DEN.

COLD HOT ‘
Work Rate| LitresMin} Cardiac | Work Rate LitresMin.| Litres Min,
Cardiac Output, Cardiac | Cardiac
Output, ) Output. Outpuif
1800 - 10,30 1800 7.00. 8.0
2500 9.70 - -
5000 14.00 14420 5000 15.50 15.70
7000 17.25 16.25 7000 19,00 18.75
8000 20,50 20.20
8000 18.70 17.25 9000 21.70 21.00
9000 19.80 18.25 9500 22,20 21.20
10000 22,50 21.40
10000 20,05 19.00 10500 22,60 21.40
10500 - 19.50 11000 22.70 21,40
11000 20.70 20.00
11500 - 20,30 |




BLOOD LACTATE/PYRUVATE RATIO

FOR FIVE SUBJECTS

TABLE V11 (b)

3 ROOM TEMPERATURE.

REST.
2,500 | 3,000 | 4,700 { 5,000 5,500 | 6,700 | 7,000 | 7,500 | 8,000 | 9,000 | 10,000 |11,000
.»ng,o HOCW HW.N m.w..w mm.m mml.ﬂ Ll&.-m W&vl\ﬂ
BER. 12.4 22.1 22.1 20.4 24.2 20,0 21.8
JUL. 9.3 14.0 14.0 l2.2 14.7 21.3 23.9
VIC. 9,8 6.0 9.0 8.9 9.8 19.9 22.9 24.5 24.3 24.0
ZEF. 8.0 13.9 9.7 9.1 18.2 235 23.5 23.1
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TABLE V11l

THE WORK RATE, OXYGN CONSUMPTION, HEART RATE AT WHICH THE "THRESHOLD
© YALUB" FOR TACTATE WAS RIACHED FOR BACH OF THI STVEN SUBJECTS:

Subject. Work Ratg Heart Capacity Max,
Ft.1bs/minl Oxygen Rate % of Aerob.Cap,
L/bin. Beats/hin Aerobic, L/Min,
Den . AT50 1.59 120 53% 3.0
Arm 4400 1,52 137 61% 2.5
Ber., 6600 1.95 140 63% 3.1
Jul, 6300 1.82 | 132 65% 2.8
Ant, 4300 1.75 140 67% 2.6
Zef. 6750 2.20 | 155 68% | 3.2
Vic. 60C0O 2.05 130 66% 3.1
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CHAPTER V.

DISCUSSION.

Resting Data: (Lactate and Pyruvate).

The resting data for the seven subjects studied are
given in Table 1l. Before any attempt is made to compare this data
with published results, it is necessary to stress certain points
that may have had a significant bearing on previous results. The
methods of blood collection, enalysis; site of sampling (e.g.
arterial blood; venous or capillary blood) and subsequent treatment
of samples have varied considerably in the past, Some of the
older methods for lactate estimation were not specific for this
acid, with the result that high resting and working values were
obtained (see Jervell)(l).

It was reported that pyruvate decreased rapidly in

shed blood (2), which means that unless blood was rapidly denatured

(deproteinized) the blood lactate would be higher than it should be,

while an under estimate of pyruvate would be given. On the other

hand the use of fluoride as a preservative, accelerated the
disappearance of pyruvate and increased the lactate, while iodoacetats
has just the opposite reaction - increase of pyruvate and decrease of
the lactate content of blood (3).

The resting samples were taken from a subject sitting
quietly on the bicycle ergometer. The subjects were in the post-

prandial state but the traditional use of high carbohydrate meals

of native mine workers may have influenced the data to some extent (4).

However, from Table 11 (b) it is obvious that the resting values for

the seven subjects are well within the normal limits.

1. 0. Jervell. "Investigation of the concentration of
lactic acid in blood and urine." Acta Medical Scandinavica. Suppl.
22 - 25, 1927 - 28.

2. Huckabeey, W.B. "Control of concentration gradients
of pyruvate and lactate across cell membranes in blood". Journal of
Applied Physiology, 9:163, 1956.

3. Friedemann, T.B. and G.E. Haugen, "Determination of
Keto-acids in blood and urine". Journal of Bioleogical Chemistry,
1473415, 1943,

4« T.B. Friedemann,; et al. "The level of pyruviec and
lactic acids, and the lactic-pyruvic ratio, in the blood of human
subjects. The effect of food, light muscular activity, and anoxia at
high altitudes". Journal of Biological Chemistry, 157 s 673, 1945.
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Exorcise Datas

The resulits presented above show that the lactate and
pyruvate concontrations in blood arc relatively little affected
by light muscular work. At a certain work load, specifically
set and different for sach individual depending on his oxygen intake,
changes arc found in the blood lactate and pyruvate content compared
with resting figurcs,

For most subjects, the change in the pyruvate/iactate
curves takes place at approximately the same level of work
(or oxygen consumption) as docs the change in the lactate/work
rate curves, This agrecs with data published by Asmussen (5) who

found that for both his subjects the blood lactato and pyruvate

increcasod when a certain level of oxygen intake was reached, in

this case 2,5 litres/min.

From the above it is clear that the point of discontinuity
of the lactate or pyruvate curve for any individual will most certainly
depend on certain factors viz. state of training and his normal
aerobic capacity.

Physical Fitnoss:

For a fixed task, unfit individuals have higher blood
lactate levels than trained subjects (6) and the blood lactate
response Yo submaximal running is significantly decreased after a

training period (7). The relationship between fitness and lactate

response can best bo oxplained as an improvement of the ¢circulatory

and respiratory mechanisms, Gircoulatory and respiratory adjustments

to a specific cxercise bocome more efficient during training

thoreby decreasing tho degree and duration pf‘gnagrob;cxmeygpg};sm

(glycolysis),

5+ Asmusseny; B. "Pyruvate and lactate Content of the
Blood during and after Muscular Work". Acta Physiologica Scand,
20: 125 -~ 135, 1950,

6. D.B. Dill et al. "Industrial Fatique", Journal of
Industrial Hygiene, 18: 417 - 431, 1936,

T« Robinson S and P.M. Harmon, "The lactic acid
mechanism and certain properties of the blood in relation to training..
American Journal of Physiology, 132: 757, 1941.
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derobic working capacity:

When comparisonse are made betweeﬁ-subjects at a fixed
work rate, it is clear that large differences exist in the blood
lactate response to exercise. If Arm, and Ant., are cotmpared with
Beryy (Maximum acrobic capacity 2.5, 340y 3.5 respectively) at a
work rate of 6000 ft. 1bs/min. it can bo seen that Arm. had a blood
lactate content of 84 mgh (range 80-90) while for Ant. it was 66 meh
(range 63-68) and in the case of Bor. it was only 27 mgh (range 20-34).
Such comparisons reveal the fact that increases of blood lactate
above resting levels will depend on the individual's maximum acrobic
capacity or his physical working capacity.

Although the lactatc curves (Figures 12 - 20) show great

individual difference as regards the point of discontinuity, table
dfié(viii) denotes that, with the exception of one subject, all feached
R T A
géy}

the threshold value for both lactate and pyruvate at a value of

61 ~ 68% of their acrobic capacity. In the case of Den. it was

reached at 53% of his aerobic capacity. Margaria et al (8)

Bow
C?@ yP%postulated 8 value of 2/3 of the aerobic capacity which is in good

b o

§§§&” agreemont with the present data.
G~

The intensity of work, or the level of oxygen consumpiion,
at which blood lactate incrcases above ordinary resting values has

been a point of great controversy in the past (9). Crescitelli and

(10)

Taylor rostulated a valuc of 2.1 1itres/hin. above resting

valug, while Taylor (11) reported figures between 1.2 ~ 2,0 litres/min

(11a)

average of 1.65. For adult males Owles found an oxygen

8. Margaria, R; H.T. Bdwards and D.B. Dill, "The possiblc
Mechanism of Contracting and paying tho Oxygen Dobt and the rdle of
lactic acid in muscular contraction"., American Journal of Physiology,
106 : 689, 1933,

9. Astrand, P.Q. "Experimental Studies of Physical Working
Capacity in relation to sex and age".. Bjnar Munksgaard, Copenhagen,
1952, (pg 100),

10,. Crescitelli, F.. and C. Taylor., "The lactate response
to exercise and its reclationship to physical fitness".. American
Journal of Physiology, 141: 630, 1944,

1l1. Taylor, C. "Some propertics of maximal and submaximal
oxercise with reference to physiological variation and the measurement
of exercise tolerance'". American Journal of Physiology, 142: 200, 1944.

11(a) Owles, W.H.,, "Alterations in ths lactic acid content
of the blood as a result of light exercise and associated changes in
the 00, ~ combining power of the blood and in the alveolar 002 -
pressure". Journal of Physiology, 69: 214, 1930..
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consumption of 1.8 litres/min. or 1.5 litres/foin. above resting.
Newman et al (12) gave figures as low as 1,0 litres/min. oxygen intake
above resting values,

Their views seem to migs the esgential point which is that

this figure will %o 2 great extent depend on the individual's aerobic

BT R

capacity. Thig fact is brought out clearly in the present study,

where individuals with varying aerobic capacity and big differences in
body weight are compared., The in?ensity of work at which the blood lac-
tate incroases over resting values shows great individual differences;
range 4300 ft. lbs/min. to 6750 £t. Ibs/min, while the oxygen
consumption ranged from 1.75 litres/min to 2.2 litres/min. Nevertho-
less it was found that for 6 of the 7 subjects studied the blood

lactate increased over resting values when a level of oxygen consumption
was reached equivalent to 61-68% of the acrobic capacity.

It seens, therefore, that an estimate of the lovel of
oxygen consumption at which blood lactate increase over resting valuc
can give a rough measure of the individual's aerobic capacity. This
mothod is independant of body weight, and, as it implies only aerobic
work, may prove useful in the investigation of the aerobiec capacity
of patients with clinical disorders. |

In the present study only trained subjects were used, bhut
the relationship between zerobic capacity and blood lactate may hold
good for untrained subjects because, although physical training
decreases the blood lactate response to submaximal workloads, it was
found that physicel conditioning increases tho individual'’s maximum
oxygen intakeo.

Pulse Ratos

Like oxygen consumption tho pulse rate at which the

"threshold" value for lactate was reached, also show wide individual

differences, However, for five subjects the pulse rate fell within

the range of 130 to 140 beats/bin., while for one subject (Den.) it

12. Newman, E.V., D.B, Dill, H.T. Edwards and F.A. Websier.
"The rate of lactic acid removal in oxXercise". American Journal of
Physiology, 118: 457, 1937,
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was 120 and for another (Zef.) it was 155,

It is interesting to note that anasrobic metabolism
comes info operation at or shortly after a pulse rate of 120
beats/min. is reached. The only possible explanation for this

Phenomenon is; that the oxygen supply to active muscles depends on

the cardiac output which is the product of heart rafe and stroke

volume. When a pulse rate of 120 is reached the time allowed for
filling the hoart becomes limited and the stroke volume actually
decreases so that cardiac output can only be increased by means of
an even greater elevation in pulse rate, to a level of 180,

It can be assumed therefore that during work the heart
can supply the working muscles with sufficient blood until a pulse
rate between 120 - 140 beats/ﬁin. is reached,

At higher intensities of work the efficiency of the
heart decrcases owing to an actual decrease in stroke tolume, so
that the supply of blood to active musclos lags behind the requirements
set by the metabolism of the active tissues. With further increasc
in intensities of work this discrepancy between supply of oxygen
and requirement becomes greater with the result that the degres of
anacrobic metabolism increases.

Incroase of Blood Lactato:

Once the threshold value for lactate and pyruvate is
reached, both acids increase rapidly with inercasing work load.
For all subjects this increase is linear or neaiwlinear? although
the slope for the lactate curve is much steeper in most cases,
indicating a mors rapid accumulation of blood lactate over pyriuvate.
The maximum value for blood lactate was found at a work load which
the subject could keep up for only a few minutes. At the heavy
work rates the highest%bloo& lactates were found not at the end of
exercisey but at the third minute of recovery, while for the pyruvate
value this only occured at approximately the 13th minute of

(5)

recovery. Similar observations werc made by Asmussgen
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Johnson and Edwards (23) and Friedemann and Barborka (14). It is
reasonable to assume that the diffusion rate for both acids is the
same, not only because they are chemically very closely related,
but also because both acids increase over their resting levels at
approximately the same level of oxygen intake. The delayed appearance
of the maximum ®lood lactate at maximal work loads must be due to a
large conceniration gradient existing in muscle cells, as the highest
level of blood lactate is reached at a time when the oxygon intake and
pulse rate have returned to pre-exercise levels.

The rate of rcmoval of lactate can be accelarated by
subjecting the individual to light exercise instead of allowing
total rest after maximal oxorcise; so that the circulation rate is
8lightly incrcased and lactate transfer to reactive centres is
speeded up.

If the diffusion rate of pyruvate is similar to that
of lactate, then one explanation for the blood pyruvate reaching
the maximum lovel so late during recovery can be ascribed to a
post—exercise resynthesis from body lactate. Increasc of body
lactate by any means always rosulted in an increasc in blood

(15)

pyruvate which is positive proof for such a hypothesis.

Lactate/?yruvate Ratio:

The calculated 1actate/byruvato ratios are given in
Table V11(b) for five subjects. It is remarkabla that for all
subjects, during light exercise, the ratio is maintained with great
constancy at approximately the resting figures, that is betwoeen the
limits of 8 - 14. With more moderate exercise the ratio is slightly

'disturbed, while with more strenuous exercise the ratio is changed

13. Johnson R.E., H.T. Bdwards. "Lactate and pyruvate in
blood and urine aftor oxercise"., Journal of Biological Chemistry,
118: 427 3 1937.

14. Friedemann, T.H., Barborka. "The significance
of the ratio of lactic to pyruvic acid in the blood after exercise',
Journal of Biological Chemistry, 141s 993, 1941,

15. Bueding, BE., W. Goldfarb. "Blood changes following
Glucose, lactate and pyruvate injections in man". Journal
Biological Chemistry 147: 33, 1943.
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significantly and for all subjects at the maximal exertion a figure
was found of about 20, range 21,8 to 24.0. The only exception was
subject Arm., for whom a ratio was found of 34.7.

No satisfactory reason can be put forward for this
poculiar discrepancy, although it is noticeable that in Arm's
case the final pyruvate values are lower for the amount of lactate
found compared with the other subjectse. Furthermore he was the
youngest member of fhe group tested; although his exact age is not
known.

These findings are comparable with data presented by
Sachs & Morton (16) on mammalian muscle preparations., It was found
that during a steady state of contraction only a slight increasc in
lactate and pyruvate occurred, with a low ratio of lactate to
pyruvate. With tetanic contraction under essentlally anaerobic
conditions they found a marked increase in lactate and pyruvate, but
the increasc was proportionately greater for lactate than pyruvate,
This naturally resulted in a high ratio of lactate to pyruvatc.

It is also in agreement with the result presented by
Goldsmith (17) and Fricdemann et al‘(4) who found no significant
changoe in the ratio during light exercise (9.3 and 14.9 respectively)
while the latter author found, with severe gxercissy, a ratio of 28.

(5)

Asmusgon found with moderately scvere exercise lasting 20 - 30
minutes, a change in the roesting value of 7 to figures boitween 17 to
28; but in general the ratios werc about 20, He also showed that the
ratio is dependent on the time of sampling and that ratics found
during exercisc differ significantly from those found during the
recovery phase,

Friedemann and Barborka (14) guggested that the ratio

is an excellent index of the oxidative processes occurring in the

16. Backs, J; J.H. Morton. "Lactic and pyruvic acigd
relations in contracting Mammalien muscle". American Journal of
Physiology, 186: 221, 1956,

17. Goldsmith,; G.A. "The blood lactate-pyruvate re-
lationship in various physiologic and pathologic states", American
Journal of Medical Sciences, 215: 182, 1948,
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body. PFurthermore it iz more informative to use the ratio of
lactate to pyruvate than to consider the metabolism of the
individual metabolites seperately, as the latter are interrelated
and a great many factors may influcnce their concentration in the
body. The discrepancy in the ratio found for light cxercise as
compared with that for more severe exercise can possibly be
explained along the following lines. In isolated enzyme gystems,
it was found that the lactic dehydrogenase system ( L.D.H)
favours the formation of lactic acid. If the L.D.H. system is

written in its equational forms

: DPNH
Lactic acid R 4 Pyruvic acid + DPN it can

be seen that lactic acid is dependent on two factors, the pyruvate
concentration and the ratio of DPNH to IPN, which means the supply
of oxygen. If the reaction proceeds faster to the left and
therefore favour lactic acid formation, the ratio of the lactic
ac¢id to pyruvic acid would be more than unity. This probably
aceounts for the resting ratio of T = 12 found in the human body.
Under essentially anaercbic conditions, during very
severe exercise when the oxygen transfeor from the lungs to the
working muscles is inadequate, glyceric aldehyde phosphate is
oxidized to l:3 diphosphoglyceric acid; while DPN is reduced o
IPNH in the process. This reaction is coupled with the reduction of
pyruvic acid to lactic acid with the simultansous oxidation of
DPHN to DPN.
In such a situation the reaction mentioned above procecds
4o the left with increased velocity so that the ratio of lactate to
pyruvate is increased and high values are found,

. When the supply of oxygen to the working muscles is
adequate; that is duxing light exercise where a steady state
prevails, the cytochrome system and the Krebs cycle are competing
with the pyruvie acid as electron acceptors for the oxidation of
IPNH, as well as competing with LDH system for the pyruvic acid
formed. Under these conditions a lower ratio is found which differ

very little from resting values.
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Maximum Values (Lactats):

The average lactate value of 118 mgh found (range
102-139 mg ¢) for the seven subjocts after exhaustive exercise is in
excellent agreement with the findings of other authors, where a
similar type of exercise was used and where blood was sampled from
the finger tip.

hAsmussen ot al.(18) reported values of 120 and 128 mg %
for two athletes working on a bicycle ergometer to a state of
exhaustion within 5 - 6 minutes. Astrand (9), using similar
techni@ues, found an average figure of 110 mg %, for 28 male subjects.
In contrast to the above findings Holmgren (19) found an average
blood lactate of 52.8 mg % fér 12 subjects working at an intensity
of 2500 Kgm/bin. for approximately 1 minute. A bicycle ergometer was
used and blood samples were taken from the brachial artery., This
low blocd lactate response to exercise can only be ascribed +o a shert
exercise period and to a pedalling rate well below the required rate
of 60 r.p.m.

(14)

Friedemann & Barborka reported a cage where the

maximal lactate value was 188 mg % with a pyruvate value of 5.2 mg T

(20)

Robinson et al. found values of 116, 134 and 150 mg % for throc

excellent athletes after an exhaustive run. Friedemann et al.(4)
using a well trained athlete, reported a maximal lactate value of
139.5 mg % and 4.98 mg % pyruvate after a run of 1 mile at a spoed
of 8.8 m.p.h,

Testing 6 untrained subjects on a treadmill, Wells e%

(21)

al, found an average lactate value of 112 mg % after an

18. Asmussen, B., W. v. D8beln and M. Nielsen. "Blood
lactate and oxygen debt after exhaustive work at different oxygen
tensions". Acta Physiologica scandinavica, 15: 57, 1948,

19, A, Holmgren. . "Circulatory changes during meximal
work in man". Scandinavian Journal of Clinical Laboratory
Investigation, Vol., 8, Suppl. 24; pp 1 - 97, 1956.

20. Robinson, S.; H.T. Hdwards and D.B. Dill. "New
rocords in human power'". Scionce, 85:409, 1937.

21. Wellsy; J.G.; B, Balke and D.D. Van Fossan.

" "Lactic acid accumulation during work. A suggested standardization
of work classification". Journal of Applied Physiology,

10: 51 - 55, 1957.



91

exhaustive run. Using a treadmill Crescitelli and Taylor (10)

found values as high as 320 mg % for one suiject. Finger $ip blood
was taken and the results analysed according to the method of Barker
and Summerson (22).

In the light of other findings, it is obvious that all
the figures quoted by the latter authors, for all subjects tested,
are at lcast twice as high as normal values. Their resting resulis
of 28.5 mgk show that it must at least be halved to fall within normal
limits. It is quite possible that glycolysis is responsible for the
high values found, owing perhaps to a delay in the deproteinization
of the sampled blood. A reasonable supply of blood from the finger
tip is necessary to enable one to take a rapid gample, but this is
only achieved if a deep cut is made, which is unpleasant for the
person under test.

Heat Studxs
Heart Rates : (Figures 1 — 3, Table 111 a & b).

Pulse rates for all subjects were significantly higher
in heat than in cold, indicating that the hot environment plus work
imposes a greater stress on the circulation than work performed in a
cool condition.

Oxyzen Consumption: (Figures 4 - 6, Tables 1V a & b).

A comparison of the oxygen consumption at different work
loads in tho two enviromments studied, shows that all the graphs have
one charac)eristic in common. The oxygen intake increasces linearly
with increasing work loads, up to a certain maximum where it levels off.é
When the work rate was raised further; no significant increase in
oxygen intake occurred. This is in agreement with data put forward

by Hill (23), Astrand (?), Mitchell et al.(24) and others,

22. Barker; S.B. and W.H. Summerson. "The colorimetric
determination of lactic acid in biological material". Journal of
Biological Chemistry, 138: 535, 1941,

23. Hill, A.V., H. Lupton. "Muscular Bxercise, lactic
acid and the supply of oxygen". Quarterly Journal of Medicine,

16: 135 - 171, 1923, '

' 24, Mitchel, J.H., B.J. Sproula and C.B. Chapman. "The
Physiological meaning of the Maximal Oxygen Intake Test". The
Journal of Clinical Investigation, 37: 538 -~ 547, 1958,
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Under normal conditions, the linear part of the oxygen
curve represents a condition where mainly aerobic metabolism takes
placey i.e. the metzbolism of pyruvate in Krebs cycle, the so called
'main line oxidation'. As the curve approachsca its asymptotc the
oxygen intake does not keep pace with the inecrsase in work load, with
the result that the 'branch line oxidation', anaercbic in nature, is
superimposed on the acrobic phase. DPart of the required energy is
now supplied anaerobically, while some pyruvate functioning as hydrogen
carriers; is reduced to lactate in the process.

Further comparisons reveal that for subjects Zef. and Viec,
the oxygen intake in the hot room is significantly lower than for
similér work loads under normal conditions. Only at the lowest and
highest intensity were the oxygen intakes similar. These findings
were rather unexpected, because they are direct in contrast with the
data of the third subject (Den.) whose results reveals no such
difference. For Den. the two sets of limits (95%) overlap along the
entire range of work loads showing no difference between 'hot' and
'cold! data.

At first sight it may appear that for subjects Zef. and
Vie., the work in the heat was performed with greater efficiency.

(25) pointed out that although the oxygen intake may show

However, Dill
wide variations with different external and intermal temperature for
certain activities such as walking and running, for bicycle ergometry
it is nearly negligible. Their data substantiate the work of Oknishi.,
who studied the same problem. It seems therefore that efficiency cannot
account for the discrepancy in the oxygen consumption found for vari-
ations in temperatu:e.

An alternative explanation for this finding is that undcr

heat stress the working muscles were not adequately supplied with

oxygen, The discrepancy between the 'hot' and 'cold! curves indicatcs

25. DPill, D.B., H.T. Tdwards, P.S. Bauer and E.J. Levenson
"Physical Performance in relation to Bxternal Temporature.
Arbeidsphysiologie, 3(4) : 508 - 518, 1930 - 31,
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the amount of oxygen that fell shoft of metabolic needs for muscular
work in the heai, and further shows the degreec of anaerobic
metabolism necessary to supplement the required energy.

If this hypothesis is true, then the blood lactates
found under heat siress, should be highor than those found under
normal conditions., This assumption that alterations in blood laciato
are due o an oxygen deficiency is, however, subjected to certain
objoctions put forward by Huckabee (26). He postulated that changes
in pyruvate affoct lactate levels as much as does oxygen lack and
concludos further, that lactate can only be used as a quantitative
estimate of anaerobic motabolism, if pyruvate remains unchanged at all
times. It seems therefore essential at this stage o comply with the

hypothesis or conditions put forward by Huckabee, before lactate is
used as an index of anaerobic metabolism,

Blood Pyruvate: (Figures 10, 11, Table V1 a & B).

From the graphs it is clear that the pyruvate
increased during exercise in both environments studied. For subject
Vic. there is no significant difference between 'hot! and 'cold! date,
while for Zef. the difference betwoen 'hot' and 'cold! is only
significant at oxygon consumptions betwecn 1,5 and 2.0 1ifres/hin. and
this difference is small in comparison with the highly significant
differences found in blood lactates and oxygen intake. It can be
assumed that blood pyruvate increases with the intensity of gxcrciseg,
but the magnitude of the increase is not affected by environmental
tomperature.

This finding is of great importance, because it
immediately overcomes the main objection of Hackabee, viz. using
blood lactate as a measure of oxygen supply. It can therefore be
assumed that any difference between the blood laétate in hot environmonts

compared with data obitained under nommal conditions, must necessarily

26. Huckabee, W.B. "Relationship of pyruvate and
lactate during anaerobic metabolism. 1l. Ixercise and formation of
oxygen debt". Journal of Clinical Investigation 37: 255 -~ 263, 1958.
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be due to anoxia, because the pyruvate change in blood is similar
in both environments, and its affect on blood lactate will therefore
be egual in both environments.

Blood Lactates(Pigures 19, 20, Table V a & b).

A comparison between the 'hot' and 'cold' data for
subjects Zef. and Vie., reveals that the blood lactates in hot condi-
tions arc significantly higher, at all levels of oxygen consumption,
than those found under normal conditions. This parallels the oxygen
intake values found under similar conditions. Furthermore it is of
interest that the incroase of blood lactate ovof the resgting values
take place at different oxygen consumptions. Under normal conditions
O2 intakes were 2.2 litres/hin. oxygen, for subject Zef. and 2.1
1itres/hin. for Vie., while in hot conditions they were 1.3 and 1.4
litres/min. respectively.

Tha abové datay; vointing to an increase in blocd
lactate at high environmental temperatures, lends support to the
findings of Robinson et al.(27), and Dill et al.(25). Both these
authors made use of light work loads, while the time of exposure to
heat was somewhat longer. Robinson studied eight subjects running on
the treadmill, first at room temperature and thercafter in severe hoat,
For the same task under normal conditions the average lactate values
wore 14 mg %, while in hot conditions it rose to 22 mg %. Dill et al,
on the other hand; used a bicycle ergometor, and found that in hot
conditions the blood lactates were increased by as much as 4.5 o
32.4 mg % for the five subjocts studied.

At room temperature, for all subjects acting as
controls, the 'threshold' value for lactate was found at an oxygen

consumption equivalent to 2/3 of their aerobic capacity. In heat,
however, it 1s evident that for subjects Zef., and Vie., the thresheld

value for lactate was reached before the metabolic rate was 505 of

27+ Robinson, S.D.B..Dill, J.W. Wilson and
M. Wielsen. "Adaptation of White men and Negroes to prolonged work
in humid heat". J4merican Journal of Physiology, 21: 261, 1941,
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the aerobic capacity. It seems that in severs heat there is a decrcase
in the individual's aerobic apacity; although he can still reach the
naximum oxygen consumption found under room temperature conditions,
This is only because at these high levels of work the time of

exposure is too short to have any deleterious effects on the body.

The reason for this apparent decrease in asrobic capacity can only be
explained as a result of circulatory insufficiency.

Christensen (28) suggested that under normal
conditions an individual should not work for long periods at an
oxXygen consumpbion more than half his acrobic capacity,; while under
adverse conditions the level of oxygen consumption must be lower than
half the aerobic capacity. Substantial evidence is provided by the
present study in support of this hypothesis. It is clearly demonstrated
in the casc of two subjects, that certain work performed aerobically
under normal conditions were carried out anaer>bically under heat siress,

Unlike the curves of the other two subjects studied,
comparison of Den's, 'hot! and 'cold! curves, Fig. (16) relating blecod
lactate tc oxygen consumption, show no significant differences. His
blood lactate data show good agrcement with the oxygen intake datag
the latter showed no significant difference due to environmental
temperature,

The individual differences in regard to oxygen
consumption and blood lactate; observed in this study, can only be
ascribed to the efficiency of the circulation in supplying the active
nmuscles with oxygen.

It is common knowledge that toth physical training
and acclimatization to heat have pronounced effects on the officicncy
of the circulation. It would appear at this stage that subject Den,
is more thoroughly acclimatized than the other two, because the latter

show signs of an unstable circulation due to over tazation,

28, Christensen, E.H. "Symposium on Fatigue".
P. 93, Brgonomics Research Society, London, 1953,
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Although the one subject (Den.) had a smaller
maximal aerobic capacity than the other two, it appears that he
toleorated heat stress better. It has been reported that physically
fit¥ individuels tolerated severe heat better and also acclimatized
more rapidly than untrained men. Therefore, in order to draw some
conclusions on the fitness of the three subjects, the lactate/oxygon
curves for all three are comparced in both enviromments, figures
(24~27)s In cool conditions it ie obvious that the curve for Den.
is significantly higher than those for the other two subjects, which
are remarkably similar. In the light of experiments reported by
Crescitelli and Taylor (20) and Taylor (11), who showed that unfit
individuals usually have higher blood }actates than fi% persons
when doing similar tasks,; it follows that subjects Den. appears to
be the least fit of the three, when their performances are compared
in the cool. |

In hot conditions, however, Den. has much lower
blood lactates compared with subjects Zef. and Vie. Although his
lactate/bxygen curve in the heat is identical with that in cool
conditions it appears that the curves of the other two subjects in
hot conditions are significantly higher than their curves in cold
conditions, with the result that they arc also significantly highor
than the 'hot' curve of Den. Using bleood lactatos as a criterion of

physical fitness it appears that Den. is the fittost of the three
‘subjeots — he is hetter adapted to work in the heat.

The assumption that blood lactate is a criferion of
circulatory efficiency under heat stress is only justifiable, if it
can be proved that the factors eliminating lactate from the blood
remained unchanged in both environments.

1, Sweats  According to Lee (29) there is no
reason to believe that blood lactate is removed at a greater rate in

heat than in cool conditions, although he points out the possibility

29, Lee, D.H.K. "A Basis for the study of man's
Reactions to Tropical Climates!, Queonsland University Papors,
Vols, 1, Number 5, 1940. :
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that more lactate nay be excreted by the sweat glands owing to
increased sweat rates. More recent evidence does not bear out with
his assumption and it has been shown that the 1actate'content of
sweat is by no means correlated with blood lactate but is merely a
reflection of the metabolism of the sweat gland.

2e Liver: The principle site of blood lactate
removal is the liver. T+t has been shown that during exercise a
reduction of the splenchnic blood flow takes place; while Bishop et al,
(30 0) actually found that for cardiac patients during exercise, the
hepatic flow was reduced to 65p of the normal resting value., In heat,
thls pPhenomenem may be cnhanced to such an extent that water drunk
during heat exposure may cause vomiting or water diarrhea, which is
evideonce of a blood flow to the gastro-intestinal organs too low to
allow them to absorb the water. Blood lactate is removed at a groater
rate during exercise than at rest (12), but in a hot envirorment
where the liver receives less blood; the removal rate must be lower “bhani
under cool conditions.-

If the liver function was impaired in heat it would
have been reflected in high lactate and low Pyruvate values, TIn this
study it was found that the pyruvate did not change with environmental
temperature, and this is against the suggestion that liver function is
impaired, Furthermore, if a hot environment impairs liver funection it
must most certainly affect iho blood glucose becﬁése the liver is
considored as the 'glucostat' of the human or snimal body., No evidence
could be found in the literature that this actually occurred in heat,
which substantiates the present reasoning that the efficiency of the
liver in removing blood lactate remained the same under both conditicons
studied.(25)-

3. Ki oys During cxercise and thereafter a fraction
of the blood lactate is excreoted in the urine. It was found that during

exercise the blood flow to the kidney was reduced while the filtration

30. Bishop, J. M.y K. W. "Donald and 0.L. Wade.
"Changes in the Oxygen content of hepatic, venous blood during exercise
in patients with Rheumatic Heart Diseasgn, Journal of Clinjcal
Investlgatlon, 34¢ 1114 - 1125, 1955,
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rate was decreased by 455 (31). Radigan and Robinson (32) dompared
kidney function and renal plasma flow during exercise under normal
conditions and in severe heat. The renal plasma flow was reduced
more in the hot environment while the filtration fraction was
simultancously increased., TIf any difference docs exist between the
excretion rates of lactate in the two environments it nmust be
negligible, because it has been shown that the excretion rate of lactato
in urine is low (1), especially for well-trained persons.

It has beon pointed out that in hot humid environment
heat dissipation rests entirely upon the circulation, the so callod
conductance or skin blood flow (33). This means that in humid hoaty
the eirculation is the main avenue whereby heat is transferred from
the core of the body to the surfaco or skin. This can only lead onao
to believe that differences observed between Den. and the other two
subjects in the heat, must point to a difference in maonitude of the
gkin blood flow. Although in several reports (34 - 35(a) it is claimed
that acclimatization brings about an increase in blood volume, and
that this factor, in addition to a higher pulse rate in the heat,
compensates for the ihercase in skin blood flow, it is usually found
that in prolonged exercise in heat the peripheral resistance breaks
down with the result that the circulation in general collapses. This

condition is accompanicd by an inability ‘o remain in thermal balance

31. Bar‘C:Lay, Jol’gn’ .ﬁroTa COOkG, RuA- Kenne,‘y’ and
"

MoEo Nuftg n
American Journal of Physiology, 148 ¢ 327, 1947.

32. Radigan, L.R. and S, Robinson. "Effects of
Environmental Heat Stress and Exorcise on Renal Blood Flow and
Filtration Rate", Journal of Applied Physiology, 2:185 - 191, 1949.

33. Hardy, J.D. and G.F. Soderstrom, "Heatoloss from
the Nude Body -and peripheral blocd flow at Temperatures of 22° @, to
35° G."  Tho Journal of Nutrition 16: 493-510, 1938.

34. Bass, D.B. et al. "Mechanisms of Acclimatization
to heat in man". Medicine 34: 323 — 380, 1955.

35. Bassy; D.E. and A. Henschel, "Response to Body
Fluid Compartments to Heat and Cold", Physiological Reviews, 36: 128 -

144, 1956,

35(a). Bazett, H.C., F.W. Sunderman, J. Doupe and J.C.
Scott. "Climatic Effects on the Blood Volume and Composition of Blood
in man", The American Journal of Physiology, 1293 69~ 83, 1340,
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with the result that the rectal temperature is significantly eleovatoed.

Nielsen (36) brought forward evidence that rectal
temperature is related to the metabolic rate in cool conditions, As
the subjoects of this study were all subjectod $o the same work loads
it can ho assumed that the rectal tomperaturs is a méasure of the
effectiveness of the circulation in ridding the body of oxcessive
heat. In figure (23) a comparison is made between the rectal
temperature response to work in heat and cold for subjects Zef, and Don,

Another remarkable feature of this graph is that
for both subjects in cold conditions the two curves overlap along
the entire range of work rates, while in hot conditions there is
& significant difference between the curves; the one for Den, weing
higher at all work loads.

The differences between 'hot'! and 'cold! rectal
temperature is a measure of the combined stress of cxercise ang heat
on the subject. For both subjects at a work rate of 2500 ft.lbsﬁnin.
the stress is clearly similar as rectal temperature in heat and cold
is the same, espcecially for subjeet Zef. who showed a very small
deviation from tho cold value. This provide a possible explanation
for his oxygoen intake being the same as that in the cold, because at
woTk ratoes of 10,000 and 11,000 ft.1bs/min. the difference bebwoen
roctal temperature was small and at these work loads the oxygen intake
wag once more similar to that in cold conditions.

It is evident from data on the rectal tomperature
of the two subjects that subject Zef. maintained a lower deep body
tomperature than Den. for all rates of work. To achieve this a greater
skin circulation was necessary.

The difference between Den. and the other two subjects
can be explained along the following lines. For all subjects the
cardiac output remained the same for both environments, at all

intensities of work Figures (21, 22). This has been accomplished by a

36. Nielsen, M. Skandinavische Archiv fiir Physiologie,
79 ¢ 193, 1938,
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shunt of blood from the splanchnic area to compensate to some
extent for the increase in blood flow to the skin,

In the case of subject Den. the amount of blood
supplying the active musclos was the same in both envircnments, which
is indicated by similar lactate curves for both conditions. This
could only be achieved if the skin circulation was somewhat reduced,
which accounts for his higher rectal tempevature as compared with
those of subject Zef,

The other two subjects were unable to mobilize part
of the skin blood flow like Don. with the result that their deop body
temporatures were lower than that of Den. The supply of blood %o
the active muscles was insufficient with the result that a condition
of relative anoxia sccurred. This condition is suggested from the

lower oxygen uptake and a significantly higher blood lactate value,
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CHAPTER V1

Conclusions:

Under normal conditions the blood pyruvate
increases with progressive work loads in a similar manner as that
found for blood lactate, although the magnitude of the increase is
much smaller.

During exercise the constancy of the blood lactate,
pyruvate ratio will depend mostly on the blood lactate, seeing that
blood lactate changes, usually alters the ratio more significantly
than changes in blood pyruvatec,

Under normal conditions of temperature, the blood
lactate increases with exercise, above the resting valuey; when the
oxygen consumption reaches a level of 66 to 68% of the individual's
aerobic capacity. Furthermore, this incrcase is found at a pulse rate
of 120 to 140 beats per minute.

Under heat stress the threshold value for lactate is
still found at a pulsc rate of 120 - 140 beats/min. but the level of
oxygen intake then only represents approximately 504 of the individual's
ATROBIC CAPACITY,.

The apparent decrease in a persons aerobic capacity
under heat stress, can only be attributed to an increase in skin blood

flow.
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Summarxs

Seven mine recruits (six Africans and one Coloured),
in the post-prandial state, were tested on a bicycle ergometer at work
loads ranging from 1800 ft.1bs/min. to each individual's maximal work
load.

Measurements were made of the changes in pulse
rate, oxygen consumption, cardiac output, rectal temperature, blood
lactate ané blood pyruvate with progressive work rates.

The ratio of blood lactate to pyruvate shows no
increase at the end of light exercise but is significantly changed at
the end of moderate and hard worke. A possible explanation is put
forward to explain the change in ratio during hard work.,

A close correlation is found between the increase
of blood lactate over resting values, during exercisey; and the
individual's aerobic capacity.

For two of the three subjects studied under heat
stress, the oxygen consumption at certain work rates, was found to bhe
significantly lower in'the heat than at room temperature, While the
blood pyruvate showed no significant change with a change in
environment, the blood lactate response to exercise increased with
an increase in environmental temperature,

The threshold value for lactate under heat stress,
was found at a lower level of oxygen intake than the level found at
room temperasurec. This indicatos to an apparent decreasc in an
individual's aerobic capacity, when subjected to hoat stress. The
possibility that heat stross may have impaired the rate of lactate
removal by certain organs is discussed, as well as the influence of
an increase in skin blood flow on the principle function of the

circulation, viz. oxygen transport,
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